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AMATEUR   RHORGANIZATION    IN   THE  NAVY. 

In  this  magazine  last  month,  some  aspects  of  the  upheaval  in  the  United  States  Navy 
Department  were  presented  to  show  how  disastrously  the  "engineerinj^  personnel  would  be 
aflfected.  The  following  article  purposes  to  show  the  absurdity  of  other  features  of  the 
"reform."  The  conditions  affect  vitally  an  important  branch  of  engineering  and  a  National 
service,  pafd  for  by  the  people,  in  the  efficiency  of  which  they  are  profoundly  interested. 
As  good  citizens,  engineers  should  look  into  the  case.  Some  of  the  facts  are  here  offered 
for  their  consideration. — The  Editors. 

SCARCELY  a  day  passes  without  a  new  order  making  some 
change  in  the  scheme  for  disorganizing  the  Navy,  inaugu- 
rated by  the  Secretary  who  folded  his  tent  (he  couldn't  furl 
sail  in  a  modern  navy)  and  retired  to  private  life  on  March  4.  That 
changes  would  be  needed  in  such  an  ill-digested,  unworkable  scheme 
as  that  first  devised  was,  of  course,  obvious  to  anyone  who  is  familiar 
with  executive  management,  although  the  surprise  at  such  a  scheme 
has  been  turned  into  a  different  channel  by  the  Secretary's  naive 
statement  before  the  Naval  Committees  of  Congress  that  he  is  the 
sole  author  of  the  plan,  not  having  consulted  with  any  naval  officer, 
in  or  out  of  the  Department.  We  are  strongly  reminded  of  Gold- 
smith's famous  lines: 

And  still  they  gazed,  and  still  the  wonder  grew 
That  one  small  head  could  carry  all  he  knew. 

There  are  reasons  for  believing  that  the  Secretary's  statement 
may  have  been  true  in  form  but  not  so  in  fact,  as  the  special  shape  of 
his  activities  seems  to  harmonize  with  certain  features  of  his  environ- 
ment. In  other  words,  the  particular  hue  of  his  "reform"  coincides 
with  his  favorite  associates,  just  as  that  of  the  chameleon  does  with 
what  it  rests  on.  However,  the  statement  stamps  him  as  a  monu- 
mental example  of  egotism  or  else  of  incredible  fatuity.  Men  of  the 
greatest  ability  have  hesitated  to  make  changes  much  less  radical 
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except  after  conference  and  advice  with  experienced  counsellors,  but 
here  we  have  his  own  statement  that  this-  complete  overturn  of  a 
system  which  was  efficient  and  satisfactory  is  all  his  own  work,  no 
expert  advice  having  been  sought  or  desired. 

The  readers  of  this  magazine  have  seen  illustrations  of  the  benefit 
and  necessity  of  advice  from  trained  men  who  make  organization 
and  systematizing  a  specialty,  and  they  know  that  even  the  most 
efficient  concerns  in  civil  life  would  hesitate  to  make  important 
changes,  much  less  radical  ones,  without  securing  expert  advice ;  but 
this  naval  case  affects  vitally  one  of  the  arms  of  the  national  defense, 
whose  maintenance  now  runs  to  more  than  a  hundred  millions  a 
year,  and  yet  its  efficiency  is  allowed  to  hinge  on  the  vagaries  of  a 
dilettante  who  boasts  that  changes  of  an  absolutely  subversive  nature 
are  made  on  his  sole  order  without  consulting  anybody  who  could  be 
considered  an  expert. 

For  the  benefit  of  those  who  are  not  in  close  touch  with  naval. 
affairs,  it  may  be  said  that  the  main  points  of  the  "reform"  are  an 
entire  shaking  up  and  changing  of  the  duties  of  the  various  bureaus 
of  the  Navy  Department,  with  greatly  increased  power  of  certain 
boards,  and  an  absolute  change  in  name  of  the  organization  of  the 
navy  yards.  Thus  far,  the  change  in  the  Department  at  Washington 
is  mainly  in  the  threat  of  different  methods,  although  no  Chief  of 
Steam  Engineering  has  been  appointed,  the  Chief  Constructor  hav- 
ing been  appointed  acting  chief  of  that  bureau.  It  is  the  Secretary's 
recommendation  (and  would  have  been  his  intention  if  he  could 
have  held  on)  that  the  civil  engineering  bureau  (Yards  and  Docks) 
be  abolished  and  steam  engineering  be  parcelled  out  so  that  its  more 
important  work  should  go  to  the  hull  bureau  (Construction  and  Re- 
pair) and  what  is  left  be  made  a  division  in  the  Bureau  of  Naviga- 
tion. The  scheme,  indeed,  has  never  been  carefully  worked  out,  be- 
ing rather  sketchy  and  hazy.  Ordnance  apparently  is  to  remain  as 
at  present,  and  doubtless  the  Secretary,  like  Warren  Hastings,  is 
"amazed  at  his  own  moderation."  Equipment,  which  looks  after 
electrical  matters  is  to  be  wiped  out  and  its  work  divided.  It  is  pre- 
sided over  by  President  Roosevelt's  brother-in-law,  who  has  passed 
the  retiring  age  and  doubtless  holds  "after  us,  the  deluge." 

For  many  years  there  have  been,  at  the  Navy  Department,  two 
important  boards.  The  General  Board  is  supposed  to  plan  naval 
campaigns,  make  suggestions  as  to  types  of  ships,  and  keep  a  watch- 
ful eye  on  the  strictly  military  side  of  naval  affairs.  It  is  a  sort  of 
Naval  General  Staff,  but  only  advisory.  Efforts  have  been  made 
repeatedly  to  secure  for  it  the  same  official  status  as  the  General 
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Staff  in  the  Army,  but  they  have  failed.  The  Board  on  Construction 
looks  after  materiel,  and  until  recently  was  composed  of  the  chiefs 
of  the  bureaus  which  have  cognizance  of  materiel.  Lately  there  has 
been  no  engineering  expert  on  it  as  a  representative  of  the  Bureau 
of  Steam  Engineering. 

The  plans  as  announced  some  time  ago  were  to  make  both  of 
these  boards  more  important  by  giving  them  authority  over  the 
bureaus,  so*  that,  in  effect,  they  would  really  be  responsible,  as  the 
bureau  chiefs  must  carry  out  their  ideas.  This  is  the  well-known 
plan  of  trying  to  do  executive  work  by  committees,  which  has  always 
proved  a  failure ;  as  it  is  bound  to  do  by  the  very  nature  of  things. 
Either  some  one  strong  man  dominates  and  is  really  responsible,  in 
which  case  the  scheme  is  a  farce,  or  else  there  is  constant  squabbling 
and  no  result  except  by  compromise,  which  means  inefficiency. 

At  the  navy  yards,  all  technical  work  relating  to  ships  has  been 
put  under  the  hull  department,  the  head  of  which  (naval  constructor) 
is  called  "Chief  Technical  Assistant  to  the  Commandant"  and  also, 
"Manager  of  the  Manufacturing  Department."  The  civil  engineer, 
formerly  in  charge  of  the  department  of  Yards  and  Docks,  is  to  be 
some  kind  of  an  attache  to  the  commandant,  but  only  for  inspection. 
The  officers  formerly  managing  the  departments  of  ordnance,  equip- 
ment, and  steam  engineering,  are  to  be  inspectors  of  the  work  form- 
erly managed  by  them.  Any  one  who  is  familiar  with  shipyards  will 
see  at  once  how  radical  this  change  is,  and  also  that  it  agrees  with  no 
plan  ever  used  in  any  large  manufacturing  plant  anywhere.  This 
scheme  seems  devised  to  secure  the  maximum  amount  of  friction  for 
a  minimum  of  work  done,  at  a  decided  increase  of  cost.  Where  a 
customer  is  having  important  work  done  by  contract,  he  has  an  in- 
spector to  be  sure  that  everything  is  first-class,  but  nobody  ever  heard 
of  inspectors  of  one's  own  work  who  are  of  equal  rank  and  standing 
with  the  head  man  who-  does  the  work,  and  entirely  independent  of 
him.  The  plan  seems  the  product  of  a  confusion  of  ideas  and  an 
attempt  to  work  the  inspection  feature  at  the  navy  yards  as  if  they 
were  managed  by  contractors.  The  supreme  confidence  shown  in  the 
corps  who  are  given  everything  precludes  the  idea  of  any  lack  of  con- 
fidence by  the  Secretary  in  their  ability  or  integrity.  Really  one  is 
driven  here,  as  in  almost  every  other  aspect  of  the  case,  to  the  posi- 
tion of  absolute  inability  to  understand  why  things  are  done  so ;  ordi- 
nary logical  processes  fail  to  work  with  the  data  supplied. 

If  the  present  age  is  noted  for  anything  it  is  as  an  era  of  engi- 
neering and  of  specialization.  This  "reform"  goes  absolutely  counter 
to  both.    Before  the  Secretary  so  modestly  stated  that  he  had  worked 
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it  all  out  in  his  own  head,  many  supposed  that  the  scheme  was  part  of 
the  desire  of  the  line  or  deck  officers  for  a  general  staff,  and  it  was  a 
source  of  great  surprise  because  since  1899  they  have  been  the  steam 
engineers  by  the  Personnel  Law  of  that  year.  It  looked  as  if  they  pro- 
posed to  shirk  this  part  o^  their  work,  and  leave  the  care  of  the  ma- 
chinery afloat  to  the  machinists.  However,  it  is  now  generally  under- 
stood that  the  active  line  officers  do  not  approve  the  scheme.  It  is 
really  hard  to  understand  just  what  actuated  the  Secretary;  but,  try- 
ing to  be  fair  with  him,  it  looks  as  if  it  were  a  case  of  amateur  and 
academic  effort  at  improvement  made  by  a  man  who  thought  he 
saw  a  chance  to  link  his  name  with  a  great  change,  and  whose  lack 
of  expert  knowledge,  and,  by  his  own  statement,  contempt  for  or 
indifference  to  expert  advice,  has  led  him  into  a  very  serious  mis- 
take. Some  of  his  statements  before  the  Naval  Committees  show  that 
he  appreciates  that  there  must  be  some  specialization,  but  the  idea  of 
centralization  is  so  strong  with  him  as  to  carry  all  else  before  it. 

This  mania  for  centralization  and  consolidation  is  indicated,  on 
a  small  scale,  in  another  matter.  An  order  has  just  been  issued  abol- 
ishing the  separate  storerooms  on  board  ship  and  placing  everything 
in  a  common  stock,  on  the  plea  that  it  all  belongs  to  the  Navy  and 
should  be  available  for  everybody.  This  sounds  well,  but  it  is  really 
absurd.  It  cannot, save  a  penny  in  salaries,  for  the  people  will  still 
be  there  who  cared  for  these  stores.  We  also  know  that  the  system  is 
faulty,  because  it  was  tried  twenty  years  ago  and  found  to  be  so 
mefficient  that  it  had  to  be  abandoned.  Everything  was  centralized 
under  Whitney  and  immense  quantities  of  valuable  stores  sold  tor 
scrap — only  to  be  sold  back  again  a  little  later.  This  has  been  common 
gossip  for  years.  The  claim  was  made  then  that  efficiency  and 
economy  would  be  increased.  The  facts  are  just  the  reverse.  More 
officers  are  needed  to  carry  out  the  centralized  plan,  and  a  perfect 
army  of  clerks  to  carry  out  the  greatly  increased  amount  of  book- 
keeping. All  this  has  been  common  knowledge.  If  the  Secretary 
had  tried  sincerely  to  find  the  weak  points  needing  correction, 
here  was  one,  right  at  hand.  Instead  of  this,  he  turns  again  to  this 
same  plan  for  the  ships  after  it  has  been  tested  and  has  failed. 

A  feature  which  always  characterizes  these  amateur  attempts  at 
economy  is  the  failure  to  realize  that  the  cost  of  excessive  accounting 
is  likely  to  offset  far  more  than  any  possible  saving  due  to  a  reduc- 
tion in  the  amount  of  stores  carried.  In  the  case  of  the  consolida- 
tion of  stores  on  board  ship  twenty  years  ago,  an  elaborate  series  of 
regulations  was  promulgated,  designed  to  cover  all  possible  contin- 
gencies.    It  was  provided  that  the  paymaster  on  each  ship  should  be 
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the  custodian  of  all  stores,  and  provision  was  made  that  the  flagshij) 
should  have  a  somewhat  more  elaborate  outfit  than  the  other  vessels 
of  a  squadron.  The  routine  was  that  the  head  of  a  department  who 
needed  any  stores  should  make  requisition  on  the  paymaster  of  his 
own  ship  through  the  commanding  officer,  who  would  approve  it. 
If  the  articles  were  on  hand  they  would  then  be  delivered  by  the 
paymaster  to  the  officer  making  the  requisition.  If,  however,  they 
were  not  on  hand,  the  paymaster  would  so  certify  and  the  requisition 
would  then  be  forwarded  to  the  fleet  paymaster  on  the  flagship.  If 
the  articles  were  there,  they  would  be  sent  to  the  ship  making  the 
requisition ;  but  if  not,  the  Commander-in-Chief  would  then  authorize 
the  fleet  paymaster  to  purchase  them  after  a  careful  effort  to  see 
that  he  got  a  reasonable  price.  Where  the  ship  was  in  foreign  waters 
the  paymaster  was  expected  to  confer  with  the  consul  and  get  the 
names  of  six  reputable  dealers,  if  possible,  and  after  asking  bids 
from  them,  award  to  the  lowest  responsible  bidder. 

This  does  not  look  so  very  bad,  although  an  enormous  amount  of 
red  tape  is  involved ;  but  a  case  once  occurred,  which  is  vouched  for, 
showing  the  absurdities  to  which  red  tape  can  go.  About  twenty 
years  ago  a  certain  ship  was  in  a  foreign  port.  One  of  the  men  was 
taken  sick,  and  on  the  recommendation  of  the  surgeon  was  sent  to  a 
hospital  on  shore.  The  man  finally  died,  and  it  became  necessary  to 
bury  him.  The  simple  and  straightforward  method  would  have  been 
to  call  in  an  undertaker  and  have  him  arrange  for  a  decent  casket 
and  a  lot  in  the  cemetery.  This  would  be  the  usual  procedure  with  a 
business  man  or  ordinary  citizen.  The  regime  of  economy  and  re- 
form, however,  would  not  permit  of  so  simple  a  course.  What 
actually  occurred  was  this :  The  surgeon  made  a  requisition  on  the 
paymaster  for  one  cofiin.  Naturally,  he  did  not  have  one  in  stock, 
and  therefore  it  was  forwarded  to  the  fleet  paymaster,  who  also,  not 
being  in  the  undertaking  business,  had  no  cofiins  on  hand.  Then  the 
Admiral  directed  the  fleet  paymaster  to  purchase  one  cofiin,  after 
obtaining  prices  from  six  reputable  dealers.  The  same  course  had 
to  be  followed  in  securing  the  grave.  The  surgeon  made  requisition 
on  the  paymaster  for  one  grave.  Strange  as  it  may  seem,  the  pav- 
master  had  no  graves  in  stock.  Neither  had  the  fleet  paymaster. 
Consequently,  the  Commander-in-Chief  directed  the  fleet  paymaster 
to  procure  bids  from  six  reliable  dealers  in  graves,  and  purchase  one 
from  the  lowest  responsible  bidder.  All  this  of  course  is  a  screaming 
farce,  but  it  is  the  horrible  example  to  show  what  comes  when  com- 
mon sense  and  experience  are  set  aside  to  give  room  for  the  play  of 
amateur  and  academic  fancy. 
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If  naval  organization  were  along  lines  totally  different  from  those 
ruling  all  other  large  concerns,  or  if  it  had  never  been  tested  by  the 
demands  of  actual  warfare,  one  could  understand  that  there  would , 
be  some  ground  for  the  question  whether  the  existing  system  was  the 
best.  On  the  contrary,  the  system  which  is  being  overturned  is  the 
result  of  an  evolution  and  a  response  to  the  demands  upon  it ;  it  has 
been  thoroughly  tested  by  two  wars,  in  both  of  which  it  was  highly 
efficient ;  and,  in  the  main,  the  organization  is  along  exactly  the  lines 
found  best  for  efficiency  in  all  other  large  administrative  entities. 

To  the  careful  'student  of  the  administration  of  large  manufactur- 
ing concerns  it  is  most  interesting  to  note  how  they  are  forced  to 
copy  more  and  more,  as  they  increase  in  size,  the  army  model.  This 
is,  indeed,  only  natural,  for  the  army  organization  has  had  thousands 
of  years  to  be  tested  out  with  the  improvements  due  to  some  of  the 
greatest  geniuses  of  the  race,  and,  in  general,  it  ought  to  be  nearly 
perfect.  What  do  we  find?  In  a  small  army,  one  commander  can 
efficiently  handle  everything.  As  the  size  increases  we  have  brigades, 
divisions,  and  finally  army  corps,  each  of  which  is  a  big  army.  It  is 
just  the  same  with  manufacturing.  Up  to  a  certain  point,  a  single 
superintendent  or  manager  can  handle  efficiently  all  the  details,  and 
the  work  is  generally  segregated  by  operations.  As  the  size  increases, 
however,  the  complication  becomes  too  great,  and  the  model  of  the 
army  corps  has  to  be  followed.  The  segregation  is  no  longer  by  kind 
of  operation,  but  by  the  finished  product.  The  plant  is  laid  out  as  a 
series  of  small  plants,  each  complete  and  self-sustained,  for  the  man- 
ufacture of  its  own  product.  Duplication  of  shops,  which  has  been 
complained  of  at  the  navy  yards,  is  here  deliberately  planned- — be- 
cause experience  has  shown  it  to  be  the  most  efficient  both  as  to  cost 
and  rapidity  of  manufacture.  This  is  not  a  secret,  but  is  the  recog- 
nized practice  of  the  best  establishments,  and  if  the  Secretary  had 
not  deemed  himself  omniscient,  and  had  adopted  the  rational  method 
of  attacking  such  a  great  problem  as  the  reorganization  of  the  Navy, 
by  having  a  Commission  investigate  and  report,  he  could  have  learned 
all  this — and  possibly  might  not  have  been  so  keen  to  change  the 
existing  system,  which  was  along  these  very  lines. 

A  most  remarkable  feature  of  the  ''reform"  is  that  which  dis- 
places a  lot  of  officers  with  special  training  and  long  experience,  and 
turns  the  work  over  to  others  who  are  without  these  qualities,  al- 
though the  former  officers  are  still  in  the  government  service  and 
available.  Here  again  we  note  the  failure  to  recognize  specializa- 
tion. The  world  in  general  (except  the  Secretary)  has  long  recog- 
nized that  efficiency  in  the  various  branches  of  engineering  can  be 
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obtained  only  by  special  devotion  to  those  branches.  This  efficiency 
does  not  come  from  the  book  knowledge  obtained  in  the  technical 
schools,  otherwise  a  fairly  clever  maji  might  qualify  in  several 
branches,  and  the  Secretary  as  a  graduate  of  Sheffield  might  pose  as 
an  authority  in  engineering.  It  does  come,  as  all  trained  engineers 
know,  by  the  experience  resulting  from  daily  contact  with  the  almost 
infinite  details  of  each  special  branch.  This  is  why  there  have  always 
been,  until  this  "reform,"  the  two  clearly  marked  professions  of 
naval  architect  and  marine  engineer.  They  touch  at  many  points,  but 
they  are  so  essentially  distinct  that  efficiency  in  each  requires  a  dif- 
ferent type  of  thought,  because  the  problems  to  be  solved  are  en- 
tirely different. 

At  the  time  of  his  first  appearance  before  the  Naval  Committees  it 
was  arranged  that  the  Secretary  should  appear  before  them  again 
after  some  weeks  to  let  them  know  how  the  new  scheme  had  worked 
out  in  practice.  He  made  this  second  appearance  about  February 
18,  and  evidently  had  in  mind  the  remarks  which  had  been  made  by 
Senators  as  to  the  importance  of  results,  as  showing  whether  the 
method  was  good  or  bad.  All  through  this  whole  scheme  there  have 
been  evidences  of  what,  to  put  it  mildly,  may  be  called  disingenuous- 
ness,  and  a  statement  made  by  the  Secretary  seems  to  bear  the  palm 
in  this  line.  He  stated  that  the  system  was  working  beautifully  and  in 
one  case,  the  repairs  on  the  Chester,  the  new  system  had  brought  about 
a  saving  of  seventeen  days.  Even  to  the  man  on  the  Street,  this  must 
have  seemed  phenomenal,  if  he  remembered  that  the  system  was  only 
put  in  force  on  February  i,  and  it  certainly  would  have  been  a  miracu- 
lous kind  of  work  which  could  save  seventeen  days  out  of  eighteen. 
The  real  facts  in  the  case,  as  near  as  anybody  not  in  the  Navy  Depart- 
ment can  learn,  are  about  as  follows : 

This  work  on  the  Chester  was  started  back  in  December  and  the 
estimate  of  the  time  needed  ran  well  along  until  the  end  of  February, 
if  not  in  March.  This  was  simply  a  safe  estimate,  due  to  depending 
on  certain  material  to  be  delivered  from  outside.  Towards  the  end 
of  January  the  necessity  for  expedition  became  aj^pa^  ent,  and  inquiry 
developed  the  fact  that  the  work  could  be  completed  by  February  20, 
provided  overtime  work  was  authorized.  This  was  done,  and,  as  will 
be  noted,  before  the  consolidation  scheme  went  into  effect.  As  a  result 
of  working  overtime  the  job  was  finished  a  little  before  the  middle 
of  the  month.  In  other  words  if  the  Secretary's  statements  were  to 
be  taken  as  correct  it  would  mean  that  seventeen  days  were  saved  in 
fourteen  calendar  days  of  actual  elapsed  time.  He  did  not  state  that 
work  had  been  done  overtime,  nor  did  he  state  that  the  Chester  was 
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the  only  ship  at  the  yard  at  the  time,  so  that  aU  the  resources  were 
concentrated  on  this  one  vessel.  The  plain  truth  is  that  this  had  noth- 
ing to  do  with  the  new  system  at  all.  The  work  was  done  just  as  it 
would  have  been  done  at  any  time,  and  the  work  was  expedited  by 
working  gangs  continuously,  so  that  really  there  was  about  three  times 
as  much  work  done  each  day  as  would  have  been  under  the  ordinary 
eight-hour  limit  when  no  overtime  was  authorized.  The  new  system 
must  certainly  be  in  a  sorry  position  if  fairy  tales  like  this  are  needed 
to  help  it  along. 

The  last  published  order,  when  this  was  written,  show^ed  a  dispo- 
sition on.  the  Secretary's  part  to  provide  for  emergencies.  Even  he 
seems  to  have  realized  that  the  special  skill  and  experience  must  be 
provided  somehow,  and  he  speaks  of  the  possibility  of  getting  skilled 
superintendents  through  the  Civil  Service  Commission.  In  other 
words,  the  skilled  officers  are  to  be  displaced  by  skilled  civilians. 
Now  it  is  evident  that  no  civilians  can  have  the  experience  which  the 
officers  have  obtained  by  sea  seryice  and  which  is  of  the  highest 
value,  and  also  that  the  Secretary  apparently  has  no  idea  of  the 
market  value  of  equal  skill  in  civil  life.  It  is  actually  considerably 
higher  than  the  salaries  paid  the  officers  for  the  same  work.  Thus 
we  at  last  reach  the  result  (which  is  being  provided  for)  that  men 
of  less  experience  in  strictly  naval  work  will  be  paid  more  for  a 
given  function  than  the  naval  officer  who  is  displaced — and  all  this 
in  the  name  of  economy  and  "reform." 

This  article  has  been  confined  mainly  to  a  discussion  of  the  disas- 
ter to  the  navy  yards,  because  the  change  has  actually  been  started 
there.  Fortunately,  even  this  wonderful  head  that  can  carry  so  much, 
could  not,  unaided,  do  everything  at  the  same  time,  and  the  Depart- 
ment has  not  yet  felt  the  withering  touch  to  any  great  extent.  It  is 
one  of  the  greatest  marvels  of  the  marvellous  administration  which 
closed  on  March  4,  and  which  stirred  up  nearly  everything  that  was 
stirrable,  that  such  complete  overturning  of  a  great  department  should 
be  attempted  just  at  its  close.  An  order  taking  away  most  of  the 
work  of  the  Bureau  of  Equipment  was  prr)mulgated  in  the  last  week 
in  February,  to  take  effect  March  i,  three  days  before  the  end.  The 
service  papers  which  give  this  news  also  say,  referring  to  another 
matter,  that  the  Secretary  is  highly  indignant  that  Congress  should 
have  passed  a  law  counter  to  his  wishes,  and  he  proposed  to  nullify 
it  as  far  as  possible  and  simply  to  obey  the  letter  and  not  the  spirit. 
This  perhaps  is  the  secret.  He  does  not  believe  in  the  rule  of  the 
people  but  of  the  benevolent  despot — and  he  was  the  despot. 


METHODS  OF  THE  SANTA   FE.     EFFICIENCY  IN 
THE  MANUFACTURE  OF  TRANSPORTATION. 

By  Charles  Buxton  Going. 
W.    THE  STORES-KEEPING,  SHOP-ORDER  AND  WORKS-ORDER  SYSTEMS. 

The  preceding  article  summarized  the  chief  problems  of  operation  on  the  Santa  Fe,  and 
the  measures  applied  to  their  solution.  In  this  number  the  stores  and  manufacturing  systems 
are  taken  up,  as  the  most  central  and  instructive  approach  to  the  adv&nced  policies  charac- 
tc-.rizing  the  mechanical  department  of  the   Santa  Fe. — The  Editors. 

RELATIONS  between  the  Stores  and  Mechanical  departments 
of  the  railroad  are  necessarily  intimate.  The  one  is  custodian 
of  material  and  the  other  of  its  employment.  On  the  Santa 
Fe  system  the  relations  exhibit  phases  of  peculiar  interest.  The 
betterment  work  of  the  road  includes  as  an  important  feature  the 
centralization  of  all  manufacturing  at  Topeka.  It  is  true  that  on  ac- 
count of  the  great  extent  of  the  system  and  the  inconvenience  of 
referring  important  work  to  too  distant  a  center,  a  tendency  is  de- 
veloping toward  the  establishment  of  a  second  manufacturing  organi- 
zation in  the  San  Bernardino  shops — San  Bernardino  manufacturing 
for  the  coast  lines  and  Topeka  for  the  remainder  of  the  system ;  but 
at  present,  with  only  immaterial  exceptions,  all  new  work  and  all  tools 
and  supplies  made  by  the  road  for  its  own  use  are  manufactured  in 
Topeka  and  distributed  to  the  division  points  and  shops.  The  policy, 
in  brief,  is  to  separate  manufacture  and  repair  completely,  to  apply 
only  finished  material  to  engines  or  rolling  stock  under  repair,  and  to 
direct  the  issue  of  that  finished  material  exclusively  through  the  stores 
department,  whether  it  is  bought  from  outside  manufacturers  or  is 
made  in  the  shops  of  the  road. 

With  repairs  not  requiring  material  from  stores,  of  course  the 
stores  department  has  no  concern ;  nor  has  it  any  function  of  control 
over  the  shops  in  the  manufacture  of  materials  ordered  for  stores. 
Each  department  handles  its  own  internal  affairs  and  adopts  its  own 
policies  to  secure  efificiency.  At  all  shops  except  those  in  which  manu- 
facturing is  centralized  (that  is,  substantially  all  except  Topeka  and  to 
some  extent  San  Bernardino)  the  work  done  is  wholly  repair.  But 
Topeka  is  not  only  a  very  important. repair  shop ;  it  is  also  the  manu- 
facturing shop  in  which  the  road  makes  for  itself,  on  its  own  order, 
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such  tools,  parts  and  supplies  as  it  can  produce  to  advantage  in 
l)reference  to  buying  them  from  outside  manufacturers.  So  far  as 
these  items  are  concerned,  it  deals  with  itself  as  if  it  were. at  the 
same  time  an  outside  manufacturer,  the  stores  department  repre- 
senting the  purchasing  element  in  the  transaction  and  the  mechanical 
de])artment  the  sellers. 


OFFICE    END    OF    SANTA    FE    STORE    HOUSE,    NEWTON,    KAS 
Showing  standard  type   of  building. 

All  shoj)  orders,  therefore,  originate  in  the  stores  department. 
The  shops  on  receij^t  of  the  order  make  requisition  on  the  stores- 
keeper  for  the  rough  stock,  and  return  the  finished  material  to  stores. 
This  holds  true  not  only  for  standard  material,  but  for  special  work. 
It  would  hold  true,  for  example,  in  applying  new  cylinders  to  an 
engine  under  repair  at  Topeka,  although,  of  course,  in  many  cases  of 
work  in  progress,  delivery  to  stores  and  reis.sue  on  re(|uisition  takes 
place  in  the  accounts  only,  and  the  piece  which  is  thus  constructively 
transferred  may  be  actually  taken  direct  from  ihe  machine  to  the 
engine  on  the  erecting  floor. 

The  systematic  pursuit  of  this  policy,  therefore,  brings  into  the 
custody  and  into  the  accounts  of  the  stores  department  a  considerable 
stock  of  material  and  a  considerable  range  of  lransacti(^ns  which, 
under  laxer  methods,  would  not  reach  the  view  of  any  official  higher 
than  the  local  mechanical  man.  Beyond  this,  the  custody  of  the  Santa 
Fe  stores  department  is  extended  to  cover  all  the  fuel,  either  coal  or 
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oil,  used  on  the 
system.  The  stores 
department 
of  course,  is  not 
responsible  for  the 
economical 
or  efficient  use  of 
material  or  con- 
sumption of  fuel ; 
but  in  the  Santa 
Fe  system  it  is  so 
administered  that 
it  becomes  an  alert, 
vigorous,  and  high- 
ly energized  coad 
jutor  to  the  oper- 
ating and  mechani- 
cal departments  in 
preventing 
extravagances  and 
in  calling  attention 
to  inefficiencies  so 
that  they  may  be 
remedied  by  the 
proper  officials. 

The  physical 
problems  of  the 
custody,  con- 
trol, and  record  of 
the  range  of  ma- 
terial handled  by 
the  stores  depart- 
ment covering  so 
large  a  railroad 
system  and  so 
many  of  its  de- 
partments, are  nec- 
e  s  s  a  r  i  1  y  stu- 
pendous. There 
are  some  thirty 
division  stores  and 
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TliE  SYSTEMATIC   IlAMH.l.Xt,  oi     LLAil^EK  LV   THE   SAXTA   IE   STORES   nMl'AUT  MENT. 
Above,  bridge  and   iDuilding  timber,    Arkansas   City;    below,   general    stores  lumber,   Topeka. 

sub-stores,  and  the  standard  stock  carried  will  comprise  15,000  to 
20,000  items  at  these  outlying  points  and  may  reach  twice  that  number 
or  even  more  in  the  central  storehouse  at  Topeka.  The  oversight  and 
handling  of  this  multitudinous  stock  are  greatly  simplified  by  a  sec- 
tional classification  according  to  a  standard  arrangement.     This  ar- 
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rangcmcnt,  worked  out  to  its  most  perfect  detail  at  Topeka,  is  repeatec 
in  reduced  scale  at  all  the  minor  ])oints,  and  is  followed  again  in  the 
stores  account  books  and  in  the  recjuisitions  filled  out  by  the  assistant 
storeskeeper.  This  simplifies  enormously  com])arison  between  the  rec- 
ord books  and  the  stock  on  the  floor,  between  requisitions  received  at 
Topeka  and  the  past  consumption  or  probable  and  reasonable  needs 
of  the  point  making  the  requisition,  and  between  requisitions  received 
from  points  where  stock  is  short,  and  ])Ossible  stores  of  over-material 
at  other  points  where  the  same  items  may  have  become  obsolete.  The 
sectional  arrangement  of  material  and  of  accounting  therefore  is: — 

Section. 

A.  Miscellaneous  shelf  hardware,  car  trimmings,  etc. 

B.  Lamps  and  fittings,  packings,  tinware,  etc. 
G.     Bolts  and  nuts,  rivets,  washers,  nails,  etc. 

D.  -Pipe  and  fittings,  valves,  and  miscellaneous  water-service   supplies. 

E.  Air-brake  material. 

F.  Miscellaneous  brass  castings,  journal  bearings,   metal   packings,   injectors, 

lubricators,  etc. 

G.  Oils  and  waste,  paints,  varnishes,  acids,  etc. 
Vi.     Bar  iron  and  steel,  and  sheet  metals. 

I.  Wheels  and  axles,  tires,  springs,  wrought  iron  forgings,  brake  beams,  flues. 

J.  Miscellaneous  track  and  B.  &  B.  material. 

K.  Steel  castings,   vSanta  Fe  patterns. 

L.  Malleable   castings,    Santa   Fe   patterns. 

M.  Frames  and  bolsters,  couplers,  brake  shoes,  oil  boxes,  and  misc.  castings. 

N.  Gray-iron  castings. 

O.  Shop  tools  and  abrasive  wheels. 

P.  Dry  goods,   furniture,  belting,  hose,   rope,  glass,  etc. 

Q.  Electrical  material. 

R.  Signal  material. 

S.  Telegraph  material. 

T.  Lumber,  Mechanical  and  B.  &  B. 

U.  New  steel  rail. 

V.  Old  rail. 

W.  New  cross  ties. 

X.  Ice. 

Y.  Material  in  process  of  manufacture. 

Z.  Miscellaneous  scrap. 

The  interior  arrangement  of  the  Santa  Fe  storehouses,  and  the 
methods  pursued  in  disposing  of  the  many  items  so  that  they  are 
constantly  convenient  for  inspection  and  for  access,  are  displayed  bet- 
ter in  the  accompanying  ilkistrations  than  they  could  be  by  verbal 
description.  Lighter  and  more  valuable  supplies  are  carried  on  shelv- 
ing inside  the  houses,  and  heavier  stock,  such  as  track  material, 
cylinders,  castings,  pistons,  rods,  etc.,  is  systematically  arranged  on 
material  platforms  outside.  Locomotive  repair  parts  arc  classified  on 
these  platforms  according  to  engine  types,  and  finished  parts  subject 
to  injury  from  rust  are  painted.  Oils,  paints,  varnishes,  etc..  are 
often  stored  in  a  separate  building. 

The  record  of  material  is  kept  in  standard  stock  books,  which,  as 
already  suggested,  reflect  the  orderly  arrangement  of  the  material 
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INTERIOR   OF    OLD    STOKE    HOUSE,    CHANUTE,    KANSAS,    AND    OF   THE    NEW. 
A    CONTRAST    OF    METHODS    AND    RESULTS, 

and  its  location  on  the  shelves  or  platforms.  Two  columns  are  pro- 
vided, showing  the  inventory  of  material  on  nand  and  the  quantity 
to  be  ordered  each  month.  Space  is  also  provided  for  showing  the 
total  issues  for  the  year  and  the  actual  quantity  of  materials  and  sup- 
plies on  hand  at  the  close  of  the  fiscal  year,  or  exhibited  by  the  physi- 
cal inventory.    At  the  close  of  each  month  a  requisition  for  material 
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rcf|iiirefl   is  made 
on      standard 
forms  ami   the 
stock   books   and 
requisitions    are 
sent   to   the   gen- 
eral stores,  where 
the  local   requisi- 
tions arc  revised, 
the     orders     are 
placed     for    such 
material  as  is  al- 
lowed,    and     the 
books   are   re- 
turned to  the  lo- 
cal    storeskeeper, 
only    one    set    of 
books  being  used. 
It  is  at  this  point 
that    careful    ex- 
a  m  i  n  a  t  i  o  n 
is    made    to   pre- 
V  e  n  t  overstock- 
ing of  division  oi 
sub-stores,    and 
to  recall  material 
which  is  in  excess 
of     possible     re- 
quirements,     o  r 
which  perhaps  is 
no     longer    alive 
on     the     division 
where    it    is 
stored,  so  that  it 
may    be    trans- 
ferred   to    points 
where   it    can    be 
used.   Very  care- 
ful    oversight    is 
exercised  to  pre- 
vent    the     scrap- 
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ping  oi  service- 
able material,  and 
at  all  division 
points  where 
stocks  of  such 
material  are  like- 
o  ly  to  accumulate, 
^.  cheap  but  compe- 
tent labor  is  em- 
ployed to  sort 
over  and  restore 
to    usable    condi- 
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list  of  miscella- 
n  e  o  u  s  parts 
which,  after  re- 
pair, are  returned 
%  ^:  to  stock  and  save 
I  a  to  that  extent  the 
^  Z  purchase  of  new 
material.  And 
even  after  the 
local  shop  offi- 
cials have  gone 
over  the  material, 
it  is  carefully  in- 
spected again 
when  it  has  been 
assembled  at  a 
central  point  for 
final  sorting  into 
the  various 
grades  of  scrap, 
thus  introducing 
a  n  additional 
safeguard  against 
the  chances  of 
good  material  be- 
ing thrown  away. 
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PRACTICAL     AI?:T11UI).S    FOR    AVOiniNG    SCRAPl'IXG    OF    USEFUL     MAT1-:RL\L. 

Mexican  laboiers  straightening  brake  beams  on  a  bulldozer  behind  the  San  Bernardino  i)lack- 

sinith  shop.    "Queen,"  who  holds  the  beam  in  position,  has  been  six  years  in  th';  service.    lie 

iiandles  all    work  on  this  machine  and  on  the  Ajax  power  bulldozer;   wages, 

22%   cents  an   liour,   and  helper's  12"^   cents  an   hour. 

When  the  material  in  question  is  stuff  bought  on  guarantee  (as  for 
example  brake  beams,  car  wheels,  steel  bolsters,  etc.)  which  has  failed 
short  of  the  guaranteed  service,  it  is  jointly  inspected  by  a  representa- 
tive of  the  mechanical  department  and  a  representative  of  the  manu- 
facturer. Everything  returned  to  service  passes  again  to  the  custody 
of  the  stores  department,  but  is  credited  to  the  oj^erating  department, 
and  the  total  of  the  figures  is  important.  In  scrap  brass  alone  the 
amount  recovered  and  sold  amounted  to  $696,159.01  in  1907  and  to 
$342,520.21  in  1908.  The  value  of  new  brass  i)urchased  in  these 
years  was  $1,292,184.93  and  $421,284.95  respectively.  The  scrap 
delivered  therefore  amounted  to  54  ]:)er  cent  of  the  new  brass  i)ur- 
chased  in  the  former  year,  and  to  81  per  cent  in  the  latter.  The 
figures  reflect  also  interestingly  the  high  prices  and  active  business  of 
1907,  and  the  low  prices  and  slack  business  of  1908.  The  material 
returned  to  stock,  including  serviceable  material  taken  from  scrap, 
machinery  gathered  from  the  road,  etc.,  amounted  to  6.5  per  cent  of 
the  purchase  of  new  material  in  1907,  and  to  f>.y  per  cent  in  1908. 
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To  avoid  the  delay  and  inconvenience  of  detail  requisitions 
upon  the  local  stores  for  every  item  needed  in  miscellaneous  running 
repairs,  as,  for  example,  on  the  "rip"  track,  a  "working  stock"  of  ma- 
terials in  most  frequent  use  is  kept  convenient  to  those  parts  of  the 
shops  and  is  accounted  for  by  general  requisitions  for  a  month  or 
other  convenient  period. 

The  tool  account  of  the  separate  shops  is  submitted  monthly  in 
separate  record  books  to  the  office  of  the;  superintendent  of  motive 
power,  showing  the  numbers  of  each  tool  on  hand,  and  the  quantities- 
ordered.  These  tool  requisitions  are  considered,  and  if  necessary 
modified,  by  the  mechanical  department,  and\sent  to  the  stores  depart- 
ment only  after  the  conclusion  of  this  study •  has  been  reached.  Re- 
quisitions for  new  tools  are  not  issued  unless  tool-breakage  clearances 
for  the  broken  and  worn-out  tools  are  shown,  the  same  rule  being  thus 
imposed  upon  the  shops  which  each  shop  in  turn  imposes  upon  the 
individual  workman,  This,  indeed,  is  but  another  manifestation  of  the 
vigorous  care  with  which  the  mechanical  department  supervises  all 
maintenance  expenditures.  A  checking  up  of  the  complete  inventories 
of  all  shops  and  roundhouses  is  regularly  conducted,  wath  a  view 
not  only  of  minimizing  monthly  requisitions  but' of  returning  to  gen- 
eral stock  any  tools  accumulated  in  excess  of  local  requirements 
and  reserve.  Further  yet,  the  concentration  of  the  manufacture  of 
finished  parts  at  central  shops,  already  spoken  of,  has  made  much  of 
the  machine  equipment  at  division  points  and  smaller  shops  unneces- 
sary, and  not  only  small  tools  but  machines  in  large  number  are  con- 
stantly brought  back  into  general  stock  and  held  for  renewals,  for 
equipping  extensions  of  main  shops,  or  for  the  shops  of  new  lines. 
The  results  of  the  consistent  application  of  this  policy  in  connection 
with  the  other  and  larger  features  of  the  efficiency  effort,  as  evidenced 
in  the  cost  of  repairs  and  renewals  to  shop  machinery  and  tools,  are 
shown  in  the  figures  below: — 

Repairs  and  Renewals  to  Shop  Machinery  and  Tools. 

Fiscal  Years.  Total  Charges.  Cost  per  Cost  per 

Locomotive.  ^cTractive  Unit. 

1902-3..,:.: $401,809  $306.96  $.0136 

1903-4 487J70                                339.96  0132 

1904- .S 486,620                                334.68  .0127 

1905-6 367,474                              225.03  .oo8r 

1906-7 315,844                               176.35  .0060 

1907-8 290,809                               157.1 1  .0053 

The  shops  of  the  Belen  cut-of¥  were  thus  fully  provided  without  addi- 
tional capital  investment.  Even  the  motive  power  is  similarly  scru- 
tinized ;  and  recently,  with  the  approval  of  the  operating  department, 
two-hundred  locomotives  were  tentatively  withdrawn   from  service, 


^ 

n 

TD 

^ 

1- 

rt 

a> 

■^~' 

O 

>+-■ 

c 

< 

OJ 

nj 

_ 

\4 

Ft! 

s 

'S, 

rt 

o 

o 

o 

O 

.2 

o 
<u 

•«-H 

m 

Ui 

rrt 

U 

+- 

Ph 

rt 

c 

V- 

'    ^ 

h 

""• 

nJ 

o 

(n 

Ch     ^-    rt  \p  •"  •- 

w    .2  ^ 


C    C    ;:i 


w 

E     '3-1 

•  ^ 

•^ 

^ 

« 

C   j:: 

■m 

C/J 

j; 

o 

.„    :5 

o^ 

t/; 

ct 

H 

"o 

rt 

en 

"rt      . 

u,  pa 

CJ 

^ 

< 

CJ 

« 

(U     o 

_ 

W 

■5  ^ 

_tn 

j- 

12; 

^,^ 

TO 

c* 

M 

u   JZ 

^ 

^- 

O 

0)      CI 

'^ 

.4_) 

■'• 

bo 

1^ 
>> 

1/ 

05 

'%  2 

O 

o 

^ 

< 

o 

c 

.3 

"1      r^ 

(n 

o 

« 

°      "^ 

<L) 

C 

Q 

J3 

'Sj 

^ 

'—  Si 

_C 

C 
(J 

CS 

< 

O     f; 

■^ 

O 

cfl 

<u 

,~-> 

< 

y     en 

g 
5 

'5. 

H 

< 

Si   c 

(L) 

en 
o 

o 

^3 

o 
o 

(U    x 

^ 

rt 

u 

Pi 

'5d  c 

'j5 

w 

OS 

^ 

1 

•5  ^ 

^ 

^ 

■ft 

"bo 

w 

o 

tn 

a 

o 

o 
c 

c  o 

o 
"7. 

PS 

o 
o 

4> 

re 
S 

o 

w 

QJ 

K 

2i 

c 

^ 

(X 

o 

-SI 

a; 

fe 

y 

- 

1^       r- 

"H, 

CT3 

« 

s  ° 

3    c 

en 

- 

C3 

- 

4) 

O 

^      CO 

^ 

^ 

«     O 

i> 

O. 

in 

^     t- 

■^ 

oj 

■°  H 

22 


METHODS    OF    TIIIl    SANTA     FE. 


23 


with  the  sole  purpose  of  increasing  the  efficiency  in  the  use  of  the 
remainder.  But  this  is  getting  quite  beyond  the  province  of  the  stores 
department,  to  which  we  will  return. 


MATERIAL    J'L.\  Tl'dl^  M  ,     .\1:\\T0N;    KANSAS. 
Sl'iOwing   repetition,    at   a  local   point,   of  the   methods  and   system   estahlishcd   in   the   general 

stores  at  Topeka. 

Requisitions  for  standard  material  are  made  by  the  storeskeepers 
but  once  a  month,  immediately  after  the  monthly  inventory  is  taken. 
Requisitions  for  special  materials,  however,  are  made  as  necessity 
demands.  Storeskeepers  are  required  to  consult  frequently  witii 
heads  of  departments  concerning  changes  in  standards,  or  work  com- 
ing into  the  shops,  so  that  on  the  one  hand  they  may  avoid  over- 
stocking with  material  on  which  standards  may  be  changed, 
and  on  the  other  hand  they  may  be  supplied  in  advance 
with  all  necessary  stock  so  that  delays  to  construction  or 
repairs  may  be  absolutely  avoided.  The  precision  with  which  tliis 
latter  result  is  secured  is  indicated  in  the  accompanying  illustration 
showing  the  board  on  which  record  is  kept  of  engines  coming  into  the 
Topeka  shops  for  repairs.  This,  it  is  true,  is  the  central  point 
where  facilities  are  the  largest,  but  it  is  also  enormously  the  heaviest 
in  its  demands  upon  the  stores  department,  because,  as  alreadv  noted, 
all  the  manufacturing,  overhauling,  and  reconstruction  ot  nuui\e 
power  and  equipment  is  carried  on  here. 

The  monthly  requisitions  for  standard  stock  are  sectionalized — 
that  isj  a  separate  requisition  is  made  for  material  from  each  of  the 
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sections  already  defined.  Upon  receipt  in  the  central  storehouse,  the 
sectional  requisitions  are  given  to  the  men  in  charge  of  the  respective 
sections,  who  then  fill  the  orders  from  the  sections  under  their  charge 
and  bring  them  out  to  the  loading  platform,  where  the  various  lots 
are  reassembled  according  tp  destination  so  as  to  complete  the  full 
requisition  for  each  division  storehouse.  This  method  of  handling 
simplifies  the  work  and  avoids  all  confusion  of  cross  travel  and  mis- 
cellaneous trucking,  so  that  the  shipment  of  even  thirty  or  forty 
carloads  a  day  creates  no  disturbance  whatever — in  fact,  the  store- 
house looks  almost  idle.  A  notable  feature  of  the  arrangement  is  the 
disposition  of  the  shelving  along  long  aisles,  which  are  completely 
commanded  by  the  view  of  the  storehouse  foreman.     (See  page  14.) 


COAL    ELEVATOR    AND    CHUTES,    CLOVIS,    N.    M. 
Adjuncts  to  the  fuel-supervision  system  of  the  Santa  Fe. 

The  control  of  fuel  covers  both  receipt  and  issue.  The  former 
is  notable  chiefly  for  the  provisions  to  prevent  loss  and  waste,  and 
for  the  peculiar  problems  arising  in  the  accurate  accounting  for  fuel- 
oil  stores  because  of  the  character  of  the  material. 

The  issue  is  remarkable  for  a  system  which  extends  to  the  com- 
pilation of  daily  reports  showing  the  amount  used  each  day  on  each 
run  of  every  locomotive  on  the  system.  These  reports  are  based  upon 
tickets  made  out  by  the  fuel  foreman  for  every  quantity  issued ;  the 
form  is  filled  out  in  triplicate,  one  copy  being  given  to  the  engine 
man,  and  another  sent  to  the  fuel  supervisor.  The  miles  run  by  the 
locomotive  are  taken  from  the  train  sheet,  and  the  statement  ulti- 
mately reaches  stores  headquarters  with  all  records  reduced  to  a  unit 
basis  oi  pounds  of  coal  or  oil  burned  per  1,000  ton-miles  hauled  for 
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OIL    DEPARTMENT    IN    NEW    STORE    HOUSE,    CHANUTK,     KANSAS. 

The  oil  is  stored  in  tanks  oelow  ground,   and   delivered  in   automatically  measured  quantity 
by  compressed  air.     Any  drip  or  spill  is  returned  to   storage  through  the  pans 

undei-  the  spigots. 

each  engine  and  crew.  The  records  of  the  several  engineers  making 
each  regular  run  are  averaged,  this  average  being  taken  as  a  standard, 
and  returns  are  made  to  the  operating  officials  so  that  cases  of 
excessive  fuel  consumption  can  be  investigated,  and  if  expedient  the 


INTERIOR    OF    PAINT    SHOP^    ALBUQUERQUE.      A     MODEL    OF    NEATNESS,    AND    AN 

EXAMPLE    OF    SANTA    FE    IDEALS. 
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attention  of  engi- 
n  e  e  r  s  can  be 
called  to  their  ex- 
travagance. The 
system  is  diligent- 
ly followed  up, 
and  if  an  engi- 
neer reported  as 
wasteful  contin- 
ues to  show  bad 
results,  further 
inquiry  is  made 
as  to  what  has 
been  done  in  the 
case.  Very  inter- 
esting conditions 
are  disclosed  by 
these  returns — as, 
for  example,  that 
a  certain  engineer 
may  use  his  fuel 
very  efficiently  on 
uphill  work,  as 
compared  with 
other  engineers 
making  the  same 
run,  and  yet  ap- 
pear the  most  ex- 
travagant drifting 
back  over  the 
same  run.  The 
daily  fuel  records 
then  make  an  elo-. 
quent  appeal  for 
the  road  foreman 
of  e  n  g  i  n  e  s  to 
show  that  engi- 
neer how  to  han- 
dle his  fire  when 
drifting.  The  814 
report    is    shown 
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Form  lloli  StaiidarJ 

Santa  Fe 


(Insert  niiiiie  of  I{:ul«;iy  Conili.'tiiy^ 

F^iiel  Perfoniiaiu-e  of  Engines,  Entiineers  or  Firemen, 


Division 


.M..nlli  of. 


19- 


Tot.-il 
Engine  Miles 


Tot.-il 
Ton  Mil 


Pomiils  of  Coal 
or  Oil  Consnineil 


Average  Ponnils 

of  Coal  or  Oil 

I.er  inOTon 

Miles 


Average  Tons 

Hauleil  per 

Train 


Total  Money  Loss  or  (iaiti  <lue  to 

I'erforrnante  shown,  liase'I  uj.on 

Averajre  Cost  j.^r  T..u  Mile 


Loss 


(■air 
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FORM    1 133.      FUEL   PERFORMANCE  OF  ENGINES,  ENGINEERS   OR  FIREMEN. 

Oiigina)  is  11  by  17  in.;  made  out  monthly  from  the  814  report,  on  tracing  paper  for  multi- 
plication by  blue-printing;  posted  at  all  round  houses  so  that  engine  men  can  see  their  per- 
formance. The  left-hand  space  (not  shown)  is  for  individual  names.  When  these  reports 
are  sent  out,  the  stores  department  calls  attention  of  superintendents  r-.nd  master  mechanics 
to  engine  men  whose  performance  can  be  improved.  Continual  exhibition  of  these  figures  to 
mechanical  and  operating  officials,  dispatchers  and  engine  men,  is  expected  to  reduce 
the  differences  in  economy  and  raise  the  general  level  of  performance. 

herewith.  It  is  returned  daily  to  superintendents  and  master  mechan- 
ics with  a  letter  calling  attention  to  excessive  consumption  of  fuel. 
If  the  weather  was  good  and  trains  moving  on  time,  the  master  me- 
chanic calls  on  the  engineer  for  explanations;  if  the  engineer  has  been 
delayed  after  he  was  called,  or  on  the  road,  the  explanation  is  sought 
from  the  dispatcher  by  the  superintendent. 

The  fuel  was  turned  over  to  the  stores  department  for  two  lines  of 
the  system  in  the  autumn  of  1907,  and  for  the  Atchison  proper  on 
June  I,  1908.  The  fiscal  half-year  ended  last  December  showed  a 
decrease  in  fuel  consumption,  on  the  ton-mile  basis,  of  6.4  per  cent, 
and  in  value  of  fuel  consumed  of  16  per  cent. 

It  has  already  been  noted  that  the  stores  department  originates 
orders  for  supplies  to  be  manufactured  in  the  shops  of  the  road, 
just  as  if  the  shop  were  an  ordinary  commercial  establishment  wholly 
independent  of  the  railway.  Furthermore,  the  shops  manufacture 
nothing  except  upon  order  of  the  stores  department.  Tlie  handling  of 
the  "Stock  C  shop  orders"  covering  the  manufacture  of  material, 
after  they  are  received,  rests  wholly  with  the  mechanical  department; 
but  if  work  should  be  slack  and  the  superintendent  of  shops  desires 
to  keep  his  plant  busy  on  standard  material,  he  can  do  so  only  after 
the  issue  of  shop  orders  by  the  general  storeskeeper. 
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Permanent  shop-order  numbers  have  been  assigned  for  the  manu- 
facturing, finishing,  or  repairing  of  all  material  ordinarily  used,  a 
list  being  arranged  in  alphabetical  and  numerical  order,  with  a  series 
of  numbers  for  each  class  of  material  and  blank  numbers  for  addi- 
tional articles  that  may  be  required.  Shop  orders  are  made  by  the 
stores  department  in  triplicate  on  the  form  shown  on  page  28,  the 


M.U           Xo. 

41100 

luiiii  10:1  S'.aiMlnrd 

Santa  Fe 

S.O. 

Vo 

Stoi'e  Keepei 

1!»0 

Please  deliver  to 

bearer 

1 

1 

Charge  Acc't 

Foreman 
The  En'jineci-iivj  Magazine 

S.  O.  Xo. 
Topeka,  Kansas 


.190. 


Foreiiiaii  i>f  the  Material  Gang 

Please  deliver  to  Foreman. 


.,at  machine 


Xo. 


the  following  material: 


Delivered 


Signed: Ft 


The  Knohieeviug  Mngazin 


FORM    IO7T    AND    DELIVERY    SLIP.      USED    BY    THE    SHOPS    TO    OBTAIN    MATERIAL    FROM 

STORES. 
Form  1071  \s  &y^  hy  VA   in.  and  delivery  slip  8  by  4  in.     The  mode  of  u.sc  is  explained  on 

page   30. 

original  and  one  carbon  copy  being  forwarded  to  the  mechanical 
department,  and  the  other  carbon  being  retained.  The  carbon  copy 
furnished  to  the  mechanical  department  is  returned  to  the  stores  when 
the  material  called  for  by  the  shop  order  (or  the  last  installment  of 
the  material)  is  delivered  to  the  stores  department. 
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(Foiui  iOU'  MMjii.-iii!; 

Santa  Fe 


li^^<«l 


STOREKEEPER: 

The  following  mateiial  on  your  Ovfler  No. 
finished  and  ready  for  shipment : 


12j±JJ__ 


NUMBER 


DESCRIPTION  OF  ARTICLE 


G 


JXQ^ 


ik     /)AsiA],_ 


K. R  f/to^ir-nAlt" 


^^\J     WyvC^C<%^ 


The  above  3iiaterial  inspected  ;ind  checked  by  me  :iii(l  found  tu  be 
in  aooci'dauce  with  specifications  and  drawings. 


Foreman 


.190 


The  above  material  received  by  nie  in  good  condition  this  date. 


The  superintendent  of 
shops,  upon  receipt  of  the 
shop  order,  directs  it  to 
the  department  in  which 
the  work  is  to  be  done. 
Requisition  is  then  made 
upon  the  stores  depart- 
ment for  any  material 
needed,  using  for  this 
purpose  the  form  shown 
on  page  29  and  sending  it 
to  the  foreman  of  the  ma- 
terial gang  with  a  deliv- 
ery slip  attached  for 
presentation  at  the  store- 
house. The  storehouse 
foreman  fills  the  requisi- 
tion, retains  the  1071 
form  for  his  depart- 
mental records,  and  re- 
turns the  delivery  slip, 
with  the  material  by  the 
trucker,  having  first  af- 
fixed his  O.  K.  as  assur- 
ance that  the  material  is 
on  hand.  The  foreman  of 
the  material  gang  then 
sends  the  material  with 
this  delivery  slip  to  the  workman  at  the  machine  designated ;  here  the 
slip  is  again  O.  K.'d  to  show  final  delivery  to  the  job,  and  then  is 
returned  to  the  shop-order  foreman.  On  all  engine  work  the  1071 
form  is  made  out  in  duplicate,  one  copy  going  as  before  to  the  store- 
house and  one  to  the  office  of  the  superintendent  of  shops. 

When  any  material  made  on  shop  orders  is  finished,  a  shipping 
form  (2012)  is  made  out  in  triplicate  by  the  foreman  completing  the 
order;  one  carbon  copy  is  retained  in  the  mechanical  department, 
the  original  and  the  other  carbon  going  to  the  stores  department  with 
the  material  delivered.  The  stores  department  retains  one  of  these 
two  copies  and  returns  the  other  to  the  mechanical  department  as  evi- 
dence of  the  delivery  of  the  material.  This  form  is  made  out  for  all 
completed  orders,  even  if  the  material  is  not  delivered  into  stores  at 
all  but.  is  applied  at  once,  or,  as  it  is  called,  ''issued  at  the  shops." 


HqsJU 


'Storekeeper. 
190_  I  /    ^       I  J       Ij^ 
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FORM    2012.      SHIPPING    FORM. 

Original  is   5%   by   8^    in.     Used   to   notify   stores   de- 

paitment   of  completion  of   work  ordered  on  1065 

forms.      See  below. 
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Form  I'^iti  Slamlard 

The  Atchison,  Topeka  &  Santa  Fo  R'y  Co. 

FOREMAN'S  ADVICK  OF  WOKK  roMI'LFTED 

ShopCl^rk:  _\JCZL--/-i 190.0.. 

All  wurk  cliargeable  tcp  S  O.No rj..M-\J.L.   has  been  ininjileWd  and  delivered  to 

0r 


Tlie  liilliiwing  (uder.s  ihsueU  ull  Store  Dc-iiartuieiit  for  nnleriai  ; 

....LS~1.^.3.l... 

j.s:jj..a. 


Cross  order  made  on  . 


IVFaterial  used  fron  stock  ou 
back  of  this 


W.  L  JURY 


Foreman 
The  EiKjir.eerhKj  Mngazine 
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FORM     1256.       NOTIFICATION    OF    COMPLETION    OF     WORK     DONE    ON     SHOP    ORDERS. 

Original  is  a  caid  5J/^  by  SJ-^   in.     The  lower  figure  thows  the  ruling  of  the  hack  for  entry 
of  materials  used.      The  use   of  the   form  is  explained  below. 

Finally,  a  completion  card  (form  1256)  is  issued  by  the  shop 
foreman  upon  the  completion  of  every  shop-order  job.  It  shows  on 
the  face  the  number  of  the  order  finished,  and  on  the  back  the  num- 
bers of  all  requisitions  for  material  drawn  on  account  of  the  order. 
This  goes  to  the  shop  clerk  and  is  forwarded  by  the  mechanical  de- 
partment to  the  stores  department. 

For  handling  the  work  in  the  Topeka  shops,  the  mechanical  de- 
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partment  has  developed  a  most  interesting  application  of  the  central- 
izing principle,  individual  enough  to  invite  careful  attention  and  study, 
and  suggestive  of  large  possibilities  of  use  elsewhere.  The  conditions 
are  highly  complex,  work  on  shop  orders  for  stores,  for  immediate 
application,  for  outside  points,  and  repair  work  of  all  kinds  and  of 
all  degrees  of  urgency  being  in  hand  at  the  same  time.  On  an  aver- 
age, about  60  per  cent  of  the  whole  activity  of  the  shop  is  given  to 
manufacturing  and  about  40  per  cent  to  repairs. 


Date 

Dep't.  No 

Man  No 

Charge  S.O 

Macliine  No. 

(Fuvui  llSl  Standard) 

Santa  Fe 

WORK  ORDER 

Name 

No.             9172            G 

Engine 

Account 

Schedule  No. 

Scliedule  Time 

Operation 

Schedule  Cost 

Defective 
Acc't  Workman. .-. 

Acc't  Foreman                            Act 

Actual 
'tShop                       Ou                   Off                 Time 

Foreman 
TIic  Engineering  Magazine 

WORK   ORDER.      ISSUED   BY   GENERAL    MACHINE   FOREMAN,   TOPEKA    SHOPS. 
Original  is  a  slip  5  by  3  in.  in  size. 

The  handling  of  all  work  is  centralized  under  the  general  machine 
foreman  with  the  aid  of  a  dispatching  system  and  a  record 
board,  by  which  the  work  under  way  or  the  work  accumulated  at 
every  machine  in  the  shops  is  immediately  under  the  eye  of  the  offi- 
cial responsible  for  progress.  The  urgency  of  each  job  is  determined 
by  its  character — whether  it  is  for  stock,  for  repairs  to  shop  machin- 
ery, for  engines  under  repair  by  the  established  time  schedule  (to 
which  reference  will  be  made  later),  or  for  rush  jobs. 

The  machine  foreman  has  before  him  a  large  record  board, 
divided  into  three  parts  corresponding  to  the  three  great  divisions  of 
the  shop,  each  part  being  sub-divided  into  a  large  number  of  rec- 
tangles representing  the  individual  machines,  and  distinguished  by  the 
individual  machine  numbers.  This  ruling  and  numbering  is  done  on 
a  large  sheet  of  manila  paper  covering  the  whole  face  cf  the  board, 
over  which  is  placed  an  open  metal  framework  of  narrow  strips 
corresponding  to  the  rectangular  rulings  of  the  board.  When  a  work 
order  has  been  assigned  to  the  machine  where  it  can  be  done  in  best 
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MACHINE-SKOP    DISPATCH    BOARD,    GENERAL     MACHINE    FOREMAN  S    OFFICE,    TOPEKA 

SHOPS, 

One   section,    showing  the   maniia  paper   backing,   tin   rack,    and   arrangement   of   work-order 

slips  under  machine  numbers  as  explained  on   page   32.     There  are   three  sections, 

corresponding  to  three  divisions  of  the  shop  floor. 

accord  with  the  requirements  of  its  own  special  case  and  of  other 
work  in  hand,  a  work-order  shp  is  made  out  on  the  form  shown 
opposite  and  sent  out  to  the  workman  on  the  machine  to  which  the  job 
is  assigned.  A  brief  description  of  the  work  order  is  immediately 
written  on  a  small  paper  tag,  the  color  of  the  tag  used  indicating  the 
character  of  the  job.    A  white  tag  is  used  for  work  on  engine  parts 


JN    THE   TOPEKA    SHOPS— THE  CENTRAL    MANUFACTURING    PLANT   OF    THE    SANTA    FE. 

At  the   top.   a  corner  of  the  blacksmith   shop,   showing   heavy  hammers   and   oil   furnace   in 

background;  next  the  power  machines  in  blacksmith  shop  for  making  the  forgings  shown 

on   page   12;   at   the   bottom,   the   main   or  center  bay    of  the   machine   shop;    heavy 

machines  are  in  the  bay  on  the  right  of  this,  and  light  machines  in  the  bay  on 

the  left. 


34 


METHODS    OF    THE    SANTA    FE.  35 

which  are  to  be  repaired,  machined,  etc.,  and  put  back.  Blue  tags 
indicate  new  work  for  engines;  pink  tags,  repairs  to  shop  machinery, 
etc. ;  green  tags,  shop  orders  for  material  for  the  storehouse  or  the 
road ;  and  red  tags  are  used  for  rush  work.  The  tags  corresponding 
to  the  work  orders  assigned  to  each  machine  are  slipped  into  the 
space  on  the  record  board  corresponding  to  that  machine  and  desig- 
nated by  the  machine  number.  Telephone  connection  from  this  board 
to  various  parts  of  the  shop  keeps  the  foreman  constantly  informed 
as  to  movement  or  progress  of  work  without  the  need  of  personal 
visitation. 

The  job  on  which  work  is  being  done  is  always  represented  by  the 
uppermost  slip,  while  any  others  filed  below^  show  the  work  ahead  of 
that  particular  machine.  When  a  job  is  finished,  the  work  order  is 
returned,  the  tag  representing  it  is  removed  from  the  record  board, 
and  the  time  shown  on  the  work  order  is  copied  on  the  manila  paper 
underneath.  On  Saturday  night  the  metal  frame,  still  holding  all  its 
tags  representing  unfinished  work,  is  lifted  off;  the  manila  paper 
sheet  which  now  holds  the  time  records  of  all  jobs  finished  during  the 
week  is  removed,  is  cut  into  sections  corresponding  to  the  machines, 
and  these  sections  are  filed  away  under  the  individual  machine  num- 
bers. A  new  sheet  ruled  and  numbered  in  the  same  way,  but  other- 
wise clean,  is  attached  to  the  board  and  the  metal  frame  holding  the 
slips  for  all  work  stiii  unfinished  is  replaced. 

The  work  orders  after  a  job  has  been  finished  and  its  time  entered 
on  the  record  board  go  to  the  bonus  clerk. 

Work  orders  are  made  in  triplicate.  One  copy  is  sent  immediately 
to  the  bonus  department  when  the  job  is  given  out.  One.  as  just 
mentioned,  goes  to  the  workman  to  be  returned  when  the  work  is  fin- 
ished, and  then  goes  to  the  bonus  department  with  all  time  entries 
completed.  One  remains  with  the  machine  foreman  for  permanent 
record  and  is  filed  according  to  the  job  number.  Two  complete  files, 
therefore,  remain  in  the  office  of  the  machine  foreman,  one  by  con- 
secutive job  numbers,  one  by  consecutive  times  on  every  machine. 
It  is  thus  possible  to  refer  back  for  any  information  desired,  or  to  fix 
responsibility  for  any  work  done,  without  the  least  difficulty  or  delay 
even  after  the  lapse  of  many  months. 

An  improvement  in  details  of  this  system  had  been  under  experi- 
ment for  some  time  when  these  studies  were  made,  with  very  success- 
ful results.  Under  this  new  system,  instead  of  writing  out  separate 
tags,  the  triplicate  of  the  work  order  is  used.  It  is  punched  with  two 
holes  and  placed  on  hooks  under  the  machine  number  on  the  board, 
the  order  for  the  job  the  man  is  working  on  being  placed  on  top  if 
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SECTION    OF    NEW    FORM   OF    WORK-DISPATCHING    BOARD. 

The   work  orders   for  jobs   assigned  to  the   machines  are   hung   on   hooks   under   the   number 
corresponding  to  the  maclii/ie  on  which  the  job  is  to  be  done. 

several  orders  are  assigned  ahead  to  any  one  machine.  When  the 
job  is  completed,  and  the  orignal  works  order  is  returned  to  the  office, 
the  operator  takes  the  triplicate  off  the  board  and  copies  upon  it  the 
starting  and  finishing  times  and  the  time  consumed,  and  then  files  the 
triplicate  consecutively  under  the  machine  number.  This  system  is 
believed  to  show  advantages,  as  it  avoids  the  labor  of  making  out  the 
slips  and  of  copying  the  time  records  and  other  data  onto  the  sheet,  and 
it  avoids  the  annoyances  occasionally  experienced  under  the  old  sys- 
tem from  the  loss  of  a  tag  on  account  of  the  tin  rack  becoming  flimsy 
or  out  of  shape  and  letting  the  tag  drop.  It  also  makes  it  easier  for 
the  general  foreman  to  refer  to  past  records,  if  he  has  a  job  for  which 
there  is  no  schedule,  and  thus  to  obtain  data  upon  which  to  gauge  the 
estimated  time ;  for  it  is  to  be  noted  that  under  the  Santa  Fe  effi- 
ciency system  every  job  is  scheduled,  and  if  no  schedule  exists  a 
careful  estimate  is  made  and  is  final  for  bonus  calculations,  at  least 
until  the  work  is  restudied.  We  are  thus  brought  to  the  operation  of 
the  efficiency  system,  which  is  so  vitally  important  in  the  Santa  Fe 
policy  for  economy  of  maintenance,  and  which  will  form  the  subject 
of  the  next  article  in  this  series. 


THE   FIELD  AND   FUTURE   OF  THE   LOW-PRES- 
SURE  STEAM  TURBINE. 

By  Ira  N.  Hollis. 

This  discussion  by  Professor  Hcllis  of  the  fundamental  theory  and  fields  of  usefulness 
of  the  low-pressure  turbine,  will  be  followed  next  month  by  a  review  of  its  history  and  a 
study  of  examples  in  service,  and  the  series  will  conclude  in  June  with  an  examination  of 
marine  applications. — The  Editors. 

THERE  has  never  been  a  more  interesting  period  in  the  develop- 
ment of  machinery  for  the  production  of  power  than  the 
present.  The  steam  engine  is  slowly  giving  way  to  the  steam 
turbine  and  the  gas  engine,  except  for  certain  purposes  to  which  it 
is  specially  adapted.  Perhaps  it  would  be  more  accurate  to  say  that 
each  of  the  three  types  is  finding  its  special  field.  Nevertheless,  the 
steam  engine  for  large  power  stations  is  in  danger  of  becoming  anti- 
quated within  a  few  years  unless  some  method  for  improving  its 
efficiency  can  be  discovered.  The  steam  turbine  is  already  giving 
better  results  for  new  installations,  and  the  gas  engine  needs  only  the 
ability  to  take  care  of  overloads  and  large  fluctuations  of  the  load 
to  reach  the  front  rank  for  most  purposes.  The  question  is  be- 
coming common :  "Does  it  pay  to  run  large  steam  engines  for  central 
power  stations  even  now?"  Fortunately  for  the  steam  engine,  the 
answer  can  be  given  with  greater  confidence  since  the  production  of 
a  low-pressure  turbine  has  made  it  possible  to  rejuvenate  the  most 

\  antiquated  and  wasteful  plants  by  bringing  their  efficiency  up  to 
that  of  good  steam  turbines.  The  low-pressure  turbine  did  not  origi- 
^BP^  nate,  however,  for  service  with  the  ordinary  power  stations.  It  was 
^w  first  put  forward  practically  by  Professor  Rateau,  for  use  in  mining 

W  and  metallurgical  processes,  where  the  consumption  of  steam  was 

I  exceedingly  wasteful.     His  solution  of  the  problem  was  to  put  a  tur- 

I  bine  in  line  with  a  steam  engine  which  ran  intermittently  and  could 

I  therefore  not  make  a  good  use  of  condensing  apparatus.     This  in- 

"  volved,  in  addition,  a  regenerator,  or  storage  reservoir,   for  steam, 

so  that  the  turbine  might  receive  a  constant  flow  while  the  exhaust 
into  the  regenerator  was  irregular.  It  also  required  sonic  method  of 
taking  steam  from  the  boiler  direct  to  the  turbine.  Later  experi- 
ence has  demonstrated  the  possibility  of  running  the  turbine  in  se- 
quence with  any  steam  engine  and.  hence,  the  combination  of  the  two 
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seems  to  promise  well  for  the  future.  It  certainly  has  recognition  in 
a  number  of  places  where  its  merits  will  be  thoroughly  tested. 

The  name,  low-pressure,  seems  on  the  whole  the  most  appro- 
priate, inasmuch  as  it  is  essentially  the  low-pressure  part  of  any  tur- 
bine. It  commonly  uses  exhaust  steam  from  a  steam  engine,  or,  in 
marine  practice,  from  a  high-pressure  turbine,  but  for  deficiency  of 
power  it  may  take  steam  directly  from  the  boiler,  thus  becoming  what 
might  be  called  a  "mixed-flow  turbine."  The  principles  of  design 
are,  however,  those  applicable  to  turbines  for  large  volumes  of  steam 
at  low  pressures,  whether  from  the  exhaust  side  of  another  steam 
motor,  or  direct  from  a  boiler,  and  this  fact  should  fix  the  name. 

A  number  of  papers  on  the  low-pressure  turbine  have  appeared  in 
the  transactions  of  societies  and  in  highly  technical  periodicals,  so  that 
the  principles  of  its  action  are  fairly  well  understood  among  engineers ; 
nevertheless,  a  brief  reference  to  a  few  fundamental  principles  is 
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ventured  here  for  the  benefit  of  the  many  general  readers  of  The 
Engineering  Magazine.  An  excellent  description  of  the  Rateau 
system  may  be  found  in  the  number  for  November  1907.  A  lia- 
gram  similar  to  that  in  any  book  on  thermodynamics  is  given  here  to 
show  at  a  glance  the  available  energy  in  steam  for  several  ranges  of 
pressure.  It  is  generally  known  as  the  "Temperature  Entropy  Dia- 
gram." The  several  areas  represent  to  a  scale  the  available  energy 
per  pound  of  steam.  They  are  made  out  for  steam  which  enters  the 
engine  or  turbine  just  dry  and  saturated,  with  an  area  added  to  show 
the  effect  of  superheating.  The  work,  theoretically,  in  the  several 
cases  is : 

1.  Area   CDEF   r=    138,437    foot-pounds,    representing   the   case   of  a   non- 

condensing  engine  or  turbine  taking  steam  at  175  lb.  [Abs.]  per  square 
inch  and  exhausting  it  at  15  lb.  per  square  inch. 

2.  Area  BDEG  ^  204,300  foot-pounds,  representing  the  case  of  an  ordinary 

condensing  engine  taking  steam  at  175  lb.  per  square  inch  and  carry- 
ing a  vacuum  of  23  inches  on  the  exhaust  side  of  the  piston. 

3.  Area   ACFH   r=:    139,663   foot-pounds,   representing   the   energy   thrown 

away  by  a  non-condensing  steam  engine  in  case  a  vacuum  of  29  inches 
were  available.  In  case  this  exhaust  steam  were  turned  into  a  low- 
pressure  turbine  after  the  moisture  had  been  drained  out  of  it,  the 
area  should  be  equal  to  138,000  foot-pounds. 

4.  Area  FEJF'  ^  21,800  foot-pounds,  representing  the  energy  added  in  the 

first  case  for  steam  superheated  200  degrees  above  the  temperature  due 
to  175  lb.  per  square  inch. 

5.  Area  GEJG'  =  28,300  foot-pounds,  representing  the  energy  added  in  the 

second  case  for  the  same  superheat  as  in  4. 

6.  Area  HFF'H'  =:  12,800  foot-pounds,  representing  the  energy  added  in 

the  third  case  for  the  same  superheat  as  in  4. 

The  diagram  thus  shows  at  once  that  there  is  about  the  same 
available  energy  between  atmospheric  pressure  and  the  best  obtain- 
able vacuum  as  there  is  between  the  atmospheric  pressure  and  the 
highest  pressure  commonly  carried  in  boilers.  This  has  led  some 
writers  to  say  with  very  fair  accuracy  that  there  is  as  much  work  in 
steam  below  the  atmosphere  as  there  is  above.  The  ordinary  steam 
engine  and  condensing  apparatus  cannot  in  the  nature  of  things 
take  advantage  of  this,  and  the  great  economy  exhibited  by  the  steam 
turbine  is  wholly  due  to  the  fact  that  it  can.  The  three  figures, 
138,437  for  atmospheric  exhaust,  204,300  for  condensing  steam  en- 
gines, and  ( 1 38,-437+138,000=)  276,437  for  the  steam  turbine,  or 
the  combined  steam  engine  and  turbine  exhausting  into  a  first-rate 
vacuum,  tell  the  whole  story.  It  is  only  fair,  however,  to  call  atten- 
tion to  the  fact  that  steam  engines  sometimes  have  a  better  vacuum 
than  that  assumed  for  calculation,  and  that  turbines  more  often  have 
a  28-inch  than  a  29-inch  vacuum.     There  can  be  no  doubt,  however, 
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that  there  is  much  greater  gain  from  improving  the  vacuum  than  has 
been  commonly  suspected. 

While  the  steam  turbine  is  admirably  adapted  to  a  low  vacuum, 
the  steam  engine  can  not  make  economical  use  of  low  pressures,  on 
account  of  the  enormous  size  of  cylinder  required.  The  volume  of 
one  pound  of  steam  at  175-pounds  pressure  is  2.608  cubic  feet,  and 
that  at  ^-pound  pressure  is  648.6  cubic  feet.  For  example,  a  com- 
pound engine  with  cylinders  36  inches  and  y2  inches  by  48  inches 
would  require  a  third  cylinder  of  at  least  200  inches  in  diameter  to 
make  use  of  steam  expanded  down  to  J^-pound  pressure.  Even  if  it 
were  possible  to  build  and  operate  cylinders  of  such  dimensions,  the 
loss  by  condensation,  radiation,  and  friction  would  more  than  otTset 
the  gain  from  the  use  of  greater  ranges  of  expansion.  Hence  com- 
pound and  triple-expansion  engines  can  never  take  full  advantage 
of  the  lower  vacuums.  On  the  other  hand,  the  high-pressure  part 
of  a  turbine  cannot  make  as  effective  use  of  steam  as  the  low- 
pressure  part,  for  two  reasons.  In  the  first  place,  the  percentage  of 
leakage  by  the  blades  is  much  greater;  and  in  the  second  place,  the 
rotation  losses  due  to  the  higher  density  of  the  steam  are  large.  The 
steam  engine  and  the  turbine  are  then  natural  companions — one  for 
the  high  and  the  other  for  the  low  pressures — although  it  is  still  ex- 
tremely doubtful  if  the  two  should  be  designed  and  built  for  com- 
bined operation  in  a  new  station.  The  place  of  the  low-pressure 
turbine  is  thus  that  of  a  gleaner  in  a  very  wasteful  field. 

The  percentage  of  the  available  energy  actualh^  realized  in  prac- 
tice varies  within  wide  limits,  depending  upon  the  conditions  and 
upon  the  size  of  the  engine.  A  good  performance  for  the  ordinary 
compound  engine  is  about  70  per  cent  efficiency  in  the  cylinders,  and 
the  return  of  energy  for  one  pound  of  dry  saturated  steam  is  then 
.70  X  204,300  =  143,010  foot-pounds,  equivalent  to  13.84  pounds  of 
feed  water  per  indicated  horse  power  per  hour,  or  to  20.28  pounds 
per  kilowatt  hour,  at  the  switchboard.  If  the  efficiency  of  a  non- 
condensing  compound  engine  be  taken  at  66  at  the  switchboard,  the 
energy  actually  realized  will  be  91,368  foot-pounds,  and  the  steam 
consumed  about  29.05  pounds  per  kilowatt  hour.  This  is  a  better 
rate  than  is  commonly  met  with  in  non-condensing  engines,  but  the 
range  of  pressure  is  higher. 

In  case  the  steam  were  taken  into  a  low-pressure  turbine  after 
having  done  its  work  in  the  steam  engine,  the  energy  actually  realized 
in  addition  to  that  already  yielded  at  the  switchboard,  would  be  about 
.68  X  138,000  =:  93,840  foot-pounds,  thus  requiring  for  the  turbine 
alone  28.28  pounds  of  steam  per  kilowatt  hour.  If  the  return  of  energy 
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from  the  turbine  be  added  to  that  from  the  engine,  the  feed  water  per 
kilowatt  hour  would  be  14.33  pounds.  The  vacuum  has  been  tal^en 
rather  better  than  is  to  be  found  in  the  average  turbine  station  ;  on  the 
other  hand,  the  efficiencies  assumed  are  below  the  best  that  can  be  real- 
ized with  engines  and  turbines  of  large  power.  Tt  must  be  remembered 
also  that  when  a  turbine  is  placed  in  sequence  with  a  steam  engine, 
the  ordinary  condensing  apparatus  will  no  longer  satisfy  the  require- 
ments, and  the  addition  of  a  low-pressure  turbine  to  an  old  plant 
means  the  rejection  of  the  bucket  air-pump  and  ordinary  jet  con- 
densers and  the  substitution  of  more  expensive  condensing  plant. 

In  studying  the  possibilities  of  the  combined  system,  a  further 
consideration  of  the  efficiency  of  the  engine  and  turbine  is  necessary. 
The  steam  engine  will  undoubtedly  give  a  larger  percentage  return 
of  the  energy  available  above  the  atmosphere  than  below  it.  Some 
cases  have  been  reported  where  the  efficiency  ratio  for  a  non-con- 
densing engine  has  exceeded  80  per  cent.  Attention  has  ah'eady  been 
called  to  the  reasons  why  the  steam  engine  fails  as  a  low-pressure 
machine,  with  very  low  terminal  pressure.  The  steam  turbine  fails 
also  in  its  high-pressure  stages,  as  compared  with  its  lov/-pressure 
stages.  This  does  not  mean  that  more  work  cannot  be  gotten  out  of 
the  combined  high-  and  low-pressure  turbine  than  out  of  the  low- 
pressure  turbine  alone,  but  that  a  greater  percentage  of  the  available 
energy  is  actually  realized  in  the  latter.  The  main  question,  then,  on 
which  the  great  development  of  the  combined  system  depends  will 
hinge  on  a  comparison  of  the  high-pressure  engine  with  the  high- 
pressure  turbine.  If  the  former  is  superior  to  the  latter,  the  combi- 
nation of  engines  and  turbines  in  sequence  will  give  results  as  good 
as,  or  better  than,  the  best  engine  alone,  or  the  best  turbines.  Taking 
the  efficiency  of  the  engine  part  as  74  per  cent  at  the  switchboard, 
and  of  the  turbine  as  72  per  cent,  the  actual  amount  of  energy 
realized  per  pound  of  dry  saturated  steam  would  be  201,800  foot- 
pounds, corresponding  to  a  water  rate  of  13.15  pounds  per  kilowatt 
hour.  The  use  of  superheated  steam  in  the  further  development  of 
this  combination  may  well  reduce  the  water  rate  considerably  below 
the  best  yet  recorded  for  steam  turbines  alone.  If  this  can  be  realized 
without  undue  complication,  the  low-pressure  turbine  will  find  a  much 
wider  application  than  capturing  steam  going  to  waste  in  the  atmo- 
sphere, or  than  rejuvenating  old  steam-engine  plants.  It  may  become 
a  strong  competitor  of  other  power  systems  in  new  stations. 

The  low-pressure  turbine  does  not  seem  to  present  any  great 
difficulty  in  operation.  The  condenser  and  pumps  are  precisely  the 
same  as  for  any  turbine,  and  experience  has  shown  that  a  first-rate 
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vacuum  is  not  much  more  expensive  than  a  poor  vacuum.  The  ex- 
haust from  the  pumps  can  always  be  led  into  an  auxiliary  feed- 
water  heater  where  most  of  the  heat  can  be  recaptured,  so  that  ma- 
terial increase  of  steam  consumption  for  auxiliaries  is  not  necessar- 
ily heat  ihrown  away.  In  the  worst  case,  however,  the  cost  in  steam 
and  attendance  will  not  be  increased  in  greater  proportion  than  the 
percentage  increase  of  power  due  to  the  installation  of  a  low-press\ire 
turbine;  in  the  ordinary  case,  it  should  be  very  much  less.  No  gov- 
ernor is  necessary  on  the  turbine,  if  the  current  is  delivered  to  the 
bus-bar  of  the  steam  engine.  The  two  machines  adjust  themselves 
easily  to  each  other.  When  the  total  load  increases  or  falls  otf,  the 
cut-off  simply  changes  on  the  steam  engine  and  the  turbine  takes  the 
exhaust  steam  that  is  given  to  it.  The  terminal  pressure  in  the 
cylinder  will  vary  with  the  load,  however,  and  it  may  be  necessary  in 
the  early  stages  of  design  to  provide  for  the  light-load  condition  by 
increasing  the  opening  through  the  buckets,  or  nozzles,  of  the  turbme, 
in  order  that  the  back  pressure  against  the  steam  piston  may  never 
exceed  the  terminal  pressure.  The  efficiencies  on  which  the  water 
rates  have  been  calculated  are  good  only  for  the  normal,  designed 
load  of  the  machines ;  consequently,  they  do  not  hold  for  fractions  of 
the  load.  They  will  undoubtedly  fall  off  for  small  loads,  as  in  tur- 
bines and  steam  engines  running  alone,  but  unless  the  machines  are 
unsuited  to  each  other,  the  combination  should  not  be  worse  affected 
than  either  machine  separately.  One  point  that  might  prove  favor- 
able to  the  combined  unit  relates  to  a  break-down.  Inasmuch  as  each 
machine  is  on  a  separate  shaft,  a  break-down  of  one  would  not  put 
the  other  out  of  commission,  if  each  was  connected  independently  to 
the  condenser.  The  turbine  would,  for  such  an  emergency,  have  its 
own  connection  direct  to  the  boiler  and  its  own  governor. 

The  fields  for  the  possible  application  of  the  low-pressure  turbine 
may  be  classified  roughly  as  follows : 
.    I. — Steam  engines  used  intermittently  on  atmospheric  exhaust. 

2. — Steam  engines  running  continuously  on  atmospheric  exhaust. 

3. — Steam  engines  in  existing  stations  having  ordinary  condens- 
ing apparatus. 

4. — Marine  propulsion. 

5. — New  stations  in  which  the  steam  engine  and  the  low-pressure 
turbine  are  designed  for  combined  operation, 

I. — The  first  of  these  fields  is  well  occupied  by  the  Rateau  tur- 
bine, one  example  of  which  will  be  given  later  on.  There  can  be  no 
question  of  the  great  gain  in  this  case,  where  there  is  a  demand  for 
the  regular  supply  of  electricity  in  addition  to  the  intermittent  ex- 
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pcnditure  of  power  for  manufacturing  purposes.  The  only  wonder 
is  that  some  engineer  did  not  attempt  to  get  back  some  of  the  lost 
power  by  the  use  of  low-pressure  steam  engines  long  before  -902, 
when  Professor  Rateau  first  applied  his  turbine  to  low  pressures. 

2. — In  this  case,  there  is  again  no  doubt  of  the  saving  effected 
by  the  turbine.  An  engine  is  exhausting  into  the  atmosphere  and 
thereby  throwing  away  as  much  available  power  as  was  developed  in 
the  cylinders.  The  addition  of  a  low-pressure  turbine  to  turn  this 
power  into  useful  channels  without  increase  in  the  expenditure  of 
coal  or  steam  is  a  great  gain.  The  power  is  practically'  doubled  at 
moderate  first  cost  and  small  additional  attendance.  The  only  ques- 
tion which  arises,  "Could  the  steam  engine  itself  not  have  been  de- 
signed to  get  back  this  wasted  power?"  must  be  answered  in  the 
negative.  As  already  pointed  out,  the  steam  engine  cannot  in  the 
nature  of  things  make  as  effective  use  of  low  pressures  as  the  tur- 
bine. If  water  for  condensation  is  not  available,  as  in  many  cases 
where  the  high-pressure  engine  is  used,  a  cooling  tower  is  necessary 
to  maintain  the  vacuum  for  the  turbine,  and  this  adds  to  the  expense 
and  complication ;  but,  after  all,  the  whole  cost  of  the  turbine  and  all 
the  condensing  apparatus  is  a  small  matter  in  comparison  with  the 
great  saving  of  coal. 

3. — This  case  covers  by  far  the  great  majority  of  old  power 
stations  in  the  United  States,  and  the  argument  for  the  turbine  as 
an  assistant  to  the  steam  engine  must  be  more  carefully  drawn. 
Where  an  engine  is  developing  power  at  the  cost  of  13.5  pounds  of 
steam  per  indicated  horse  power  per  hour,  or  about  20  pounds  per 
kilowatt  hour,  it  is  difficult  to  convince  the  average  board  of  direc- 
tors that  a  low-pressure  turbine  can  be  of  sufficient  advantage  to 
warrant  a  large  outlay  to  begin  with  and  a  risk  of  troublesome  com- 
plications in  operation  afterwards.  This  is  particularly  true  if  a  plant 
is  operating  satisfactorily  and  there  is  ample  power  for  all  purposes. 
If  a  station  must  be  enlarged,  or  additional  power  obtained  in  some 
way,  the  problem  is  simplified.  Yet  one  is  in  the  face  of  an  alterna- 
tive even  here  which  has  not  so  far  been  fully  cleared  up.  Is  it  not, 
on  the  whole,  better  to  add  more  steam  engines  for  increase  of  power, 
or  to  replace  the  engines  once  and  for  all  with  steam  turbines ;  and 
thus,  in  either  choice,  to  have  a  uniform  type  throughout  the  station? 
While  it  can  be  shown  that  an  old  steam  engine  can  be  practically 
doubled  in  power  by  the  addition  of  a  turbine,  without  anything  like 
the  same  proportionate  increase  of  cost  in  machinery  and  boilers — 
furthermore,  that  an  antiquated  plant  can  be  brought  up  to  date — 
there  is  still  the  doubt  about  the  operation  of  mixed  machinery  in  the 
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hands  of  the  average  mechanic.  The  question  of  the  low-pressure 
turbine  comes  down  then  to  its  youth,  and  its  adoption  as  one  of  the 
most  useful  means  of  obtaining  additional  power  is  only  a  matter 
of  time,  if  the  claims  for  it,  or  if  the  results  above  worked  out,  are 
realized  in  practice.  .-Going  back  to  the  figures  for  energy  available  in 
one  pound  of  dry  saturated  steam,  there  are,  in  the  case  of  the  steam 
engine  alone,  204,300  foot-pounds ;  and  in  the  case  of  the  turbine,  or 
the  combined  engine  and  turbine,  276,400  foot-pounds;  representing 
a  gain  of  35  per  cent  in  power  without  the  expenditure  of  a  dollar 
on  boilers.  This  gain  would  probably  fall  off  to  25  per  cent  or  30 
per  cent  in  practical  operation,  but  it  would  be  obtained  at  an  ex- 
pense limited  to  the  turbine  and  its  accessories.  The  subsequent 
running  expenses  would  in  most  cases  remain  about  the  same,  so  that 
the  cost  per  unit  of  power  would  be  reduced  enough  to  pay  for  the 
new  installation  in  a  few  years.  In  one  case,  worked  out  very  care- 
fully for  a  small  station,  the  saving  seemed  to  be  enough  to  pay  for 
the  turbine  in  less  than  two  years.  The  above  percentage  of  increase 
does  not  represent  all  that  can  be  gained.  Any  old  steam-engine 
plant  can  practically  be  doubled  in  power  by  the  addition  of  low- 
pressure  turbines  and  about  40  per  cent  more  boilers.  With  this 
increase,  the  steam  engine  must  be  capable  of  developing  its  full 
power  on  atmospheric  exhaust,  and  this  demands  some  readjustment 
of  the  valve  gears  for  smooth  running.  Naturally,  the  conditions  of 
running  and  the  proportions  of  the  cylinders  should  be  known  before 
designing  the  turbines,  so  that  the  two  may  operate  well  together. 
The  sequence  is  essentially  the  same  as  that  for  steam  cylinders.  A 
simple  engine  becomes  compound  with  the  turbine,  or  a  compound 
engine  becomes  triple  expansion;  and  the  cylinders,  if  designed  for 
the  turbine,  ought  to  be  proportioned  accordingly.  To  steam-engine 
builders,  this  seems  to  mean  that  the  cylinders  of  a  compound  engine 
ought  to  be  25^  to  i,  if  the  exhaust  is  to  drive  a  turbine,  and  it  is 
possible  that  experience  may  prove  this  to  be  true;  but  one  point  is 
lost  sight  of — the  turbine  will  take  any  pressure,  within  reason,  that 
is  given  to  it,  and  there  is  no  necessity  of  changing  the  ordinary  pro- 
portion (4  to  i)  of  compound  engines.  However,  this  is  delicate 
ground,  and  the  actual  use  of  the  turbine  in  the  type  of  station  under 
discussion  may  serve  to  modify  opinions,  inasmuch  as  the  experi- 
mental data  at  hand  shed  little  light  on  the  subject.  It  may  be  that  a 
long  range  of  expansion  in  the  steam  engine  would  not  be  economical 
with  the  turbine  in  sequence,  and  that,  if  we  ever  come  to  designing 
the  two  machines  specially  for  each  other,  the  proportions  may  be 
quite  different  from  present  practice.    The  best  dividing  line  may  not 
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be  at  atmospheric  pressure;  it  may  be  well  above.  It  ought  not  or- 
dinarily, to  be  below,  on  account  of  the  rapid  loss  of  vacuum  with 
serious  air  leaks  around  the  stuffing  box  of  the  steam  engine.  So  far 
as  the  actual  running  of  the  turbine  itself  is  concerned,  experience 
in  a  number  of  stations  has  demonstrated  its  simplicity. 

4- — The  application  of  this  combination  to  marine  propulsion 
promises  well,  particularly  for  commercial  ships  of  low  speed  and  for 
national  ships  of  variable  cruising  speeds.  One  merchant  ship  is  al- 
ready giving  remarkable  results  in  service  and  several  are  in  process 
of  construction.  The  best  arrangement  seems  to  be  a  pair  of  com- 
pound or  triple-expansion  engines  operating  twin  screws  for  ahead 
motion  and  backing,  with  a  mixed-flow  turbine  operating  a  central 
screw  for  ahead  motion  only.  The  turbine  is  designed  for  low  rota- 
tive speed  by  having  a  large  num.ber  of  stages  and  a  highly  efficient 
screw  propeller  can  thus  be  used.  There  is  absolutely  nothing  against 
this  combination  that  could  not  be  urged  against  any  system ;  on  the 
other  hand,  for  cruising  vessels  that  may  be  called  on  for  high  speed 
only  during  brief  intervals,  it  has  manifest  advantages.  The  tur- 
bine becomes  a  more  wasteful  machine  than  the  steam  engine  when 
its  rotative  speed  departs  much  from  the  normal,  and  that  is  just  what 
it  does  at  a  cruising  speed,  or  when  a  heavy  head  sea  changes  the 
hull  resistance  materially.  One  would  naturally  expect  this  fact  to 
appear  in  the  comparative  tests  of  the  scout  cruisers,  where  the  re- 
ciprocating engines  of  the  Birmingham  are  in  competition  with  the 
turbines  of  the  Salem  and  Chester.  The  turbines  should  give  better 
results  at  high  speed,  which  the  cruisers  will  seldom  run;  and  the 
steam  engine,  at  cruising  speed,  which  they  will  generally  run  for  the 
maintenance  of  their  sea  endurance.  With  a  combination,  the  en- 
gines and  turbines  can  be  designed  for  each  other  and  thus  give  the 
ship  all  the  advantages  of  both.  The  problem  of  weights  has  not 
been  worked  out  and  it  is  not  known  how  much  the  weight  of  ma- 
chinery would  be  changed  for  such  a  system.  There  are  various 
arrangements  possible  for  the  steam  piping  and  condensers,  but  it  is 
not  necessary  to  go  into  that  here.  One  plan,  which  has  novel  feat- 
ures, has  been  suggested  by  several  first-rate  engineers.  It  is  to  have 
steam  engines  operating  twin  screws,  and  to  turn  the  exhaust  into 
high-speed  mixed-flow  turbo-generators  with  comparatively  few 
stages,  each  propeller  shaft  to  carry  variable-speed  motors  taking 
their  current  from  the  generators.  If  the  steam  engines  could  also 
exhaust  into  the  condensers  when  necessary,  this  system  would  have 
marvellous  flexibility.  Both  shafts  could  be  operated  on  the  engines 
alone,  or  on  the  turbines,  or  on  only  one  of  the  turbines.    The  possi- 
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ble  combinations  will  readily  occur  to  any  engineer.  Whether  the 
weight  would  render  this  plan  prohibitive  is  a  question  for  ship- 
builders to  work  out.  Cruising  turbines  are  generally  used  in  war- 
ships, but  it  remains  to  be  seen  whether  they  will  really  help  the 
turbine  to  hold  the  place  which  the  combination  of  the  engine  and 
turbine  seems  to  fit  so  admirably. 

5. — The  four  cases  already  discussed  involve  either  exceptional 
conditions  or  some  special  features,  like  that  of  rejuvenating  old 
engines ;  but  the  fifth  brings  up  the  problem  of  new  design.  Is  it 
possible  to  build  this  combination  for  competition  with  the  steam  en- 
gine alone,  the  steam  turbine,  or  the  gas  engine?  Only  the  future 
can  answer  that  question.  At  present,  it  seems  to  be  answered  in  the 
negative,  when  the  complication  of  a  mixed  station  is  considered. 
The  most  that  can  be  said  for  new  work  is  that  the  combination  prom- 
ises well  for  the  future  and  that  it  may  develop  superior  qualities. 
But  no  engineer  would  be  quite  justified  in  adopting  it  for  a  new 
station  without  experimental  proof  of  these  qualities,  notwithstand- 
ing the  fact  that  a  fair  calculation  seems  to  indicate  very  great 
economy. 

A  word  may  be  added,  while  on  this  part  of  the  subject,  in  refer- 
ence to  the  value  of  the  calculations  previously  given.  They  are  prob- 
ably within  a  small  percentage  of  what  can  be  realized  in  practice,  as 
they  have  been  carefully  compaied  with  actual  experimental  results. 
At  the  same  time,  attention  should  be  called  to  several  possible  differ- 
ences when  the  water  rates  are  compared  with  existing  machinery. 
The  vacuum  against  the  non-condensing  steam  engine  has  been  taken 
at  23  inches,  about  what  it  has  been  found  to  measure  in  several  re- 
cent tests  of  large  engines.  The  vacuum  for  the  turbine  has  been 
taken  at  29  inches,  in  order  to  bring  out  the  best  that  the  machine  can 
do.  Records  of  a  number  of  performances  show  even  a  better 
vacuum.  A  correction  of  from  6  per  cent  to  9  per  cent  addition 
for  every  inch  of  vacuum  may  be  applied  to  the  steam  consumption, 
as  given  in  the  calculation.  The  drop  in  the  receiver  is  a  second 
element  of  uncertainty,  but  it  will  be  relatively  small  and  the  correc- 
tion for  it  will  be  unimportant.  Another  point  is  the  variation  of 
economy  with  a  fluctuating  pressure  between  the  engine  and  turbine. 
Finally,  the  maximum  efliciency  of  each  machine  when  the  two  are 
operating  together  rnay  not  come  at  the  same  load.  There  is,  there- 
fore, a  considerable  amount  of  information  from  actual  tests  needed 
to  put  the  whole  subject  on  a  reliable  basis.  Nevertheless,  the  fact 
that  there  is  great  saving  is  well  established  by  the  calculations  and 
borne  out  by  practical  experience. 


SYSTEMS  OF  CHARGING   FOR   ELECTRICAL 

ENERGY. 

By  W.  T.  Ryan. 

THE  success  of  any  central  station  is  dependent,  to  a  large  ex- 
tent, upon  the  confidence  placed  in  it  by  its  customers;  hence 
it  is  dependent  upon  the  adoption  of  a  fair  and  equitable 
method  of  charging. 

In  dealing  with  most  commodities,  a  charge  for  the  quantity  de- 
livered is  a  fair  one.  A  charge  of  so  much  a  ton  for  coal,  or  so  much 
per  thousand  cubic  feet  for  gas  which  may  be  ''stored"  in  large 
reservoirs,  is  a  fair  one.  The  selling  of  electrical  energy  involves 
conditions  seldom  met  with  in  any  other  line  of  business,  which  re- 
quire the  working  out  of  special  systems  of  charging.  Money  must 
be  invested  in  a  station  and  apparatus  to  be  kept  in  readiness  at  all 
times,  such  as  dynamos,  engines,  transformers,  boilers,  meters,  etc., 
which  are  loaded  to  their  full-load  capacity  for  only  a  short  period 
each  day.  If  a  customer  puts  on  a  heavy  load  for,  say,  fifteen  min- 
utes a  day,  and  does  this,  say,  on  the  peak  of  the  load,  the  manage- 
ment must  purchase  and  maintain  the  apparatus  necessary  to  supply 
this  customer,  and  depend  on  him  for  returns  on  the  outlay. 

Within  the  last  few  years  systems  of  charging  for  electric  current 
have  been  widely  discussed.  The  principal  ones  in  use  at  the  present 
time  may  be  classified  about  as  follows: 

I. — Flat  rate. 

2. — Meter  rate. 

3. — Classification  of  rates. 

4. — Wright  maximum-demand  system. 

5. — Doherty  rate. 

6. — Four  C.  system. 

7. — Double-rate  meter. 

8. — A  charge  based  on  the  customer's  minimum  monthly  guar- 
antee. 

9. — Combinations  of  the  above. 

I. — The  Flat-Rate  System.  Many  small  electric-light  companies 
supply  current  to  customers  at  a  certain  price  per  month  per  each 
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lamp  installed.  The  i6  candle-power  lamp  is  the  unit  generally  em- 
ployed. This  system  means  a  definite  charge  for  a  fixed  capacity, 
regardless  of  the  quantity  used. 

This  would  work  out  to  rates  per  kilowatt-hour  varying  from  a 
very  low  minimum  in  cases  where  the  current  was  used  continuously, 
to  a  maximum  rate  of  infinity  in  those  cases  where  no  current  would 
be  used.  This  system  is  popular  with  the  customer  because  the 
charges  are  a  fixed  amount  each  month,  and  the  customer  knows  just 
how  much  he  will  be  called  upon  to  pay.  The  station  book-keeping  is 
simplified  and  the  cost  of  meters  is  avoided,  but  the  fact  that  there  is 
no  check  on  the  power  delivered  to  a  customer  makes  it  obvious  that 
the  rate  is  unjust  and  entirely  void  of  business  principles,  since  a 
wasteful  customer  pays  no  more  than  an  economical  one. 

2. — The  Meter  System.  In  this  discussion  the  meter  system  refers 
to  the  selling  of  electrical  energy  by  the  kilowatt-hour  as  indicated 
by  a  watt-hour  meter,  no  account  being  taken  of  the  quantity  used. 

The  development  of  this  system  was  the  next  step,  and  to  many 
customers  it  appears  to  be  an  equitable  system  of  charging.  An 
analysis  of  this  system  shows  a  fixed  charge  per  unit  of  energy  sold, 
regardless  of  capacity  demand.  In  this  case,  the  "cost  to  produce" 
would  vary  from  a  very  low  cost  per  kilowatt-hour  if  the  total  capac- 
ity were  used  continuously,  to  infinity  if  no  energy  were  used.  This 
system  is  just  as  absurd  as  the  flat-rate  system;  neither  bears  any 
relation  to  the  cost  of  service.  If  as  much  as  $i.oo  per  kilowatt-hour 
were  charged  some  customers,  their  total  payment  would  still  be  so 
small  that  it  would  not  equal  the  cost  of  reading  their  meters,  keep- 
ing books  for  their  accounts,  and  the  core  loss  of  transformers,  to 
say  nothing  of  the  interest,  depreciation,  taxes,  and  insurance  on  the 
money  invested  in  apparatus  which  must  be  had  in  order  to  meet 
their  demand. 

3. — Classification  of  rates.  A  very  common  method  is  to  classify 
customers  according  to  their  daily  regimen  in  the  use  of  current,  and 
to  establish  a  separate  rate  per  kilowatt-hour  for  each  class.  There 
are  two  distinct  classes  of  service  in  most  electric  plants,  namely: 
(a) — domestic  lighting,  with  its  negligible  demand  during  the  day 
and  its  excessive  demand  for  current  during  the  evening;  (b) — mo- 
tive-power service,  with  a  nearly  uniform  demand  for  power  ail  day. 
Customers  of  the  first  class  are  charged  at  a  higher  rate  than  those 
of  the  second  class.  In  addition  to  those  differences  in  the. scheduled 
prices,  quantity  discounts  are  often  given,  and  in  many  cases  there  is 
also  provided  a  minimum  charge. 
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The  mere  fact  that  current  is  at  a  customer's  disposal  night  or 
day  represents  a  service  rendered;  also  the  interest  on  the  cost  of  the 
watt-hour  meter,  the  cost  of  reading  it,  and  a  portion  of  the  cost 
of  the  station  bookkeeping,  represent  an  expense  which  justifies  a 
certain  fixed  charge  against  him.  This  fixed  charge  is  often  made  in 
the  form  of  a  minimum  charge. 

4. — Wright  Maximum-Demand  System.  The  most  important  of 
the  special  conditions  involved  in  the  sale  of  electrical  energy  is  the 
fact  that  no  adequate  method  of  storing  electrical  energy  economically 
is  in  existence  at  the  present  time.  This  necessitates  the  keeping  in 
readiness,  at  all  times,  of  the  apparatus  of  the  station  such  as  dyna- 
mos, engines,  boilers,  etc.,  which  are  loaded  to  their  full  capacity  for 
only  a  short  interval  each  day  during  the  busy  part  of  the  year.  To 
keep  in  readiness  this  large  installation  requires  a  corresponding  in- 
vestment on  which  a  reasonable  return  for  interest,  insurance,  depre- 
ciation, and  taxes  must  be  obtained  before  any  profit  can  be  made. 

On  the  straight  meter  rate,  or  even  with  a  classification  of  rates 
under  present  limitations,  it  is  practically  impossible  to  charge  the 
short-hour  customer  a  sufficiently  high  rate  per  kilowatt-hour  to 
cover  the  expense  to  which  he  puts  the  producer  of  power. 

A  number  of  leading  central  station  men  of  the  world  have  de- 
vised systems  which  were  intended  to  make  each  customer  pay  in 
proportion  to  the  "cost  of  service."  Mr.  Arthur  Wright,  of  England, 
was  one  of  the  pioneers  to  go  deeply  into  the  question  of  rates.  Mr. 
Wright  divides  the  cost  of  electrical  energy  into  (a)  preparation 
costs,  (b)  production  costs.  The  preparation  costs  are  again  sub- 
divided into  (i)  formation  expenses,  (2)  stand-by  costs,  (3)  service 
costs. 

(a)  The  "formation  expenses"  are  those  incurred  by  the  neces- 
sity of  obtaining  the  initial  capital  to  start  the  undertaking  wn'th.  The 
"stand-by  costs"  represent  the  maintenance  of  the  plant  and  supply 
mains  in  a  condition  ready  to  supply  and  distribute  energy.  The  "ser- 
vice costs"  represent  the  maintenance  of  service  wires  and  meters,  the 
incidental  disbursements  connected  with  accounts  for  supply,  at- 
tending to  complaints,  and  the  collection  of  bills. 

(b)  The  "production  costs"  represent  the  actual  expense  of  con- 
tinuing to  supply  and  distribute  electrical  energy.  This  varies  with 
the  amount  of  energy  generated  and  distributed.  The  unit  of  produc- 
tion cost  is  the  "increment  of  expenditure"  incurred  by  making  a 
given  plant  and  set  of  mains  supply  an  extra  unit  of  electrical  energy. 
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On  this  basis  the  Wright  maximum-demand  system  assumes  that 
each  customer  should  pay  the  fixed  charge  on  the  portion  of  the  plant 
he  uses,  and  in  addition  should  pay  the  running  expenses  only  for  the 
hours  he  actually  uses  the  plant.  In  order  to  get  the  maximum  de- 
mand made  by  a  customer  on  the  station  and  to  find  out  who  the 
short-hour  customers  were,  Mr.  Wright  devised  the  Wright  maxi- 
mum-demand meter  which  records  the  maximum  current  used  by  a 
customer  between  two  readings.  This  meter  is  read  at  the  same  time 
as  the  watt-hour  meter.  These  readings  are  usually  used  to  get  the 
amount  of  energy  to  be  charged  for  at  a  high  rate  and  the  amount  at 
a  low  rate. 

There  are  three  other  methods  which  are  sometimes  used  to  get  at 
the  maximum  demand:  i,  By  putting  the  demand  equal  to  the  con- 
nected load.  2,  By  estimating  the  demand.  3,  By  limiting  the  de- 
mand so  that  a  customer  cannot  exceed  a  certain  amount. 

Briefly  stated,  the  advantages  and  disadvantages  of  these  different 
methods  are  as  follows : 

Connected  Load:  No  maximum-demand  meters.  Demand  fixed 
in  advance.  Unfair  basis.  Notifications  and  inspections  necessary. 
Inaccurate  determination.    Large  connected  load  discouraged. 

Demand  Estimated:  Fair  basis.  No  maximum-demand  meters. 
Demand  fixed  in  advance.  Notifications  and  inspections  necessary. 
Inaccurate  determination.    Large  connected  load  discouraged. 

Demand  Limited:  Fair  basis.  Notifications  and  inspections  not 
necessary.  Accurate  determination.  Large  connected  load  not  dis- 
couraged.   Instruments  necessary. 

Demand  Measured:  Fair  basis.  Notifications  and  inspections  not 
necessary.  Accurate  determinations.  Large  connected  load  not  dis- 
couraged.   Instruments  necessary.    Demand  not  fixed. 

The  kilowatt-hours  used  by  the  customer  being  known  from  the 
watt-hour  meter,  and  the  maximum  current  used  at  once  from  the 
demand  meter  or  otherwise,  the  matter  of  arranging  the  charges  may 
be  done  in  several  ways. 

One  method  is  to  charge  a  list  price  per  kilowatt-hour  and  then 
give,  say,  10  per  cent  discount  to  customers  who  average  two  hours 
per  day  use  of  their  demand,  25  per  cent  discount  for  three  hours 
per  day  use  of  their  demand,  etc.  Another  method  is  to  charge  a 
fixed  amount  per  year  payable  in  twelve  installments  as  rent  on  the 
investment.  In  addition,  a  charge  of  say  3  or  4  cents  per  kilowatt- 
hour  would  cover  the  running  expenses.  The  most  common  method, 
and  the  one  best  adapted  to  ordinary  practice,  is  to  charge,  say,  12 
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cents  per  kilowatt-hour  for  the  first  60-hours  (2  hours  per  day)  use 
of  the  maximum  demand,  and  say  4  cents  per  kilowatt  hour  for  the 
remainder.  v 

Suppose,  for  example,  that  the  maximum-demand  meter  reads  10 
amperes  on  a  iio-volt  circuit,  and  the  watt-hour  meter  reads  100  kilo- 
watt-hours. On  a  two-hour  per  day  basis,  a  primary  rate  of  12  cents 
per  kilowatt-hour  and  a  secondary  rate  of  4  cents,  the  customer's  bill 
would  be  figured  as  follows: 

10  X  iioX  2  X  30 

=z  66  kilowatt-hours. 

1,000 
The  amount  to  be  charged  for  at  the  high  rate  would  be  66  kilowatt- 
hours,  and  the  amount  to  be  charged  at  the  lower  rate  would  be  100 
—  66  =  34  kilowatt-hours.    The  customer's  bill  would  be : 
($0.12  X  66)  -f  ($0.04  X  34)  =  $9-28. 

This  is  an  excellent  method  except  for  one  reason.  If  the  cus- 
tomer's meter  had  read,  say  20  kilowatt-hours,  his  bill  would  have 
been : 

20  X  $0.12  =  $2.40. 
Evidently  he  would  not  pay  his  share  of  the  fixed  charges. 

5. — Doherty  rate.  According  to  Mr.  Henry  L.  Doherty,  the  costs 
are  fixed:  i,  By  the  number  of  customers.  2,  By  the  distance  of  the 
customers  from  the  station.  3,  By  the  capacity  they  demand.  4.  By 
the  amount  of  their  consumption. 

The  distance  from  the  station  is  influenced  by  the  location  of  the 
station,  hence  it  would  seem  that  there  would  be  no  reason  for  vary- 
ing the  cost  to  dilTerent  customers  because  of  varying  distances  from, 
the  station  except  in  extreme  cases. 

There  are  certain  costs  such  as  bill  making  and  meter  reading 
which  are  entirely  fixed  by  the  number  of  customers,  and  many  other 
costs  (as  for  example  meter  testing  and  maintenance,  ofiice  rent, 
superintendence  and  inspection)  which  are  virtually  fixed  by  the  num- 
ber of  customers.  In  order  to  cover  these  there  should  be  a  fixed 
charge  for  each  customer  regardless  of  his  consumption  or  the  size  of 
his  installation  provided  only  one  meter  is  installed. 

The  costs  such  as  interest,  insurance,  depreciation,  and  taxes, 
which  are  fixed  by  the  capacity  demanded,  are  covered  by  a  "stand- 
by" charge  for  each  equivalent  50-watt  lamp  of  the  customers  con- 
nection. 

There  are  still  other  charges  which  are  fixed  by  the  quantity  of 
current  generated,  such  as  fuel,  oil,  lamp  renewals,  etc.     In  order  to 
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cover  these  charges  there  should  be  a  fixed  and  uniform  rate  per  kilo- 
watt-hour consumed. 

The  maximum  demand  on  a  station  is  usually  from  one-third  to 
one-half  the  load  connected.  The  cost  of  the  station  and  the  lines 
leading  out  from  it  usually  lies  between  $200,00  and  $600.00  per  kilo- 
watt installed. 

A  fair  value  for  the  stand-by  charges,  which  include  interest,  in- 
surance, depreciation,  and  taxes,  would  be  12  per  cent.  A  fair  value 
for  the  fixed  charges,  which  include  office  expenses,  reading  meters, 
rendering  bills,  etc.,  would  be,  say  3  per  cent.  If  the  plant  costs 
$400.00  per  kilowatt  installed,  and  the  maximum  demand  is  one-half 
the  connected  load,  the  annual  stand-by  charges  plus  the  fixed  charges 
would  be  $30.00  per  connected  kilowatt.  If  a  customer  uses  50- watt 
lamps,  the  annual  stand-by  charge  plus  the  fixed  charge  per  50-watt 
lamp  connected  would  be  $30.00  divided  by  20,  or  $1.50.  This  would 
be  $0,125  per  month.  Hence  a  customer  should  pay  123^  cents  per 
month  per  equivalent  50-watt  lamp  connected,  whether  he  uses  any 
power  or  not.  In  addition  to  this  he  should  pay  for  the  power  he 
uses. 

6. — Four  C  System.  This  system  derives  its  name  from  its  method 
of  charging.  It  consists  of  a  capacity  charge  and  a  current  charge 
— four  Cs. 

The  average  cost  of  capacity  of  the  plant  is  found  by  the  formula : 

F 

C   ::=  — 

N 
in  which 

F  ^  fixed  charges  per  annum  on  unit  cost  of  plant, 
N  =  number  of  50-watt  lamps  per  unit, 
C  =  average  capacity  charge  per  annum  per  lamp. 
After  obtaining  the  average  capacity  charge,  a  maximum  and  min- 
imum charge  per  lamp  is  determined  on  a  sliding  scale. 

In  this  system  the  fixed  charges  include  all  the  charges  except  the 
production  costs,  and  are  apportioned  among  the  various  customers 
in  proportion  to  the  length  of  time  they  use  their  energy.  It  is  evi- 
dent at  once  that  any  system  which  charges  as  much  rental  to  a  short- 
hour  customer  as  a  long-hour  one,  gives  the  latter  the  advantage,  and 
discourages  the  growth  of  the  mdustry. 

While  it  is  perfectly  consistent  to  expect  the  customer  to  reim- 
burse the  station  for  all  fixed  charges  that  have  to  be  met  to  furnish 
him  with  the  service  he  requires,  the  proposition  is  necessary  only  to 
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insure  the  station  against  loss  in  carrying  capacity  for  him.  It  is  not 
necessary  or  desirable  to  charge  the  full  amount  shown  as  being  fixed 
charges  in  order  to  get  this  protection.  The  object  is  accomplished 
when  a  large  proportion  of  the  fixed  charges  are  guaranteed,  and  be- 
sides it  is  not  probable  that  all  the  consumers  will  demand  their  maxi- 
mum contracted  capacity  at  the  same  time. 

7. — Double-rate  meter.  The  double-rate  meter  is  an  ordinary 
watt-hour  meter  equipped  with  two  sets  of  dials  and  a  clock  which 
throws  into  gear  one  set  of  dials  during  the  period  of  excessive  loads, 
and  another  set  of  dials  during  the  remainder  of  the  twenty- 
four  hours  each  day.  The  customer  is  charged  a  high  rate  per  kilo- 
watt-hour for  the  energy  indicated  by  the  first  set  of  dials,  and  a  low 
rate  for  the  energy  indicated  by  the  second  set.  Obviously  such  a  sys- 
tem would  promote  long-hour  consumption. 

An  ordinary  meter  may  be  used  by  inserting  a  resistance  in  an 
auxiliary  circuit  at  the  central  station,  at  the  hour  when  the  low  rate 
is  to  begin,  and  maintaining  it  there  until  the  end  of  the  low-rate 
period.  This  resistance  retards  the  speed  of  the  meter,  to  a  degree 
representing  the  ratio  the  low  rate  bears  to  the  high  rate. 

This  method  reduces  the  expense  of  meters.  It  has  the  disadvan- 
tage of  not  being  so  easily  understood  by  the  average  customer.  The 
chief  difficulties  in  the  way  of  the  double-rate  meter  method  based 
upon  the  time  of  demand  are  the  absence  of  suitable  mechanical  appli- 
ances, by  which  two  meters  or  two  set  of  dials  can  be  Controlled  in 
such  a  manner  as  to  protect  the  company  against  fraud,  to  secure 
accuracy,  and  to  avoid  material  increases  in  fixed  charges.  While  this 
method  would  tend  to  broaden  the  peak,  it  would  also  tend  to  reduce 
the  use  of  light  in  the  business  districts  where  light  is  very  essential 
and  where  it  is  used  at  a  time  when  the  rate  would  be  doubled  or 
tripled.  It  would  mean  a  reduction  of  lighting  of  such  places,  or  the 
use  of  illumination  other  than  electric,  either  of  which  is  undesirable 
from  the  stations'  standpoint. 

8. — A  Charge  Based  upon  the  Customer's  Minimum  Monthly 
Guarantee.  In  a  recent  bulletin  published  by  the  Union  Electric  Light 
&  Power  Company,  of  St.  Louis,  a  novel  system  of  rates  is  explained 
in  a  manner  calculated  to  be  understood  by  the  general  public.  Under 
this  system  the  service  is  divided  into  a  very  large  number  of  classes 
and  each  customer  in  the  same  class  gets  the  same  rate.  The  cus- 
tomer's rate  is  based  on  the  minimum  monthly  guarantee  he  is  willing 
to  make  per  horse-power  or  per  50-kilowatt  lamp  connected.  The 
rate  is  also  lower  the  larger  the  connected  load.    For  example :  a  cus- 


54  THE   ENGINEERING   MAGAZINE. 

tomer  having  less  than  lOO  lamps  pays  12  cents  per  kilowatt  hour  if 
he  guarantees  only  10  cents  per  month  per  equivalent  50-watt  lamp. 
If  he  guarantees  65  cents  per  month  per  equivalent  50-watt  lamp,  his 
rate  is  8  cents  per  kilowatt  hour.  Between  the  10-  and  65-cent  limits 
there  are  15  intermediate  steps.  If  the  customer  has  a  connected 
load  of  over  3,000  lamps  and  will  guarantee  only  10  cents  per  lamp 
per  month,  his  rate  is  6  cents  per  kilowatt-hour.  If  he  will  guarantee 
50  cents  per  lamp  per  month,  his  rate  is  5  cents  per  kilowatt-hour. 
There  are  twenty-five  steps  between  a  connected  load  of  less  than  100 
lamps  and  over  3,000.  A  customer  whose  connected  load  is  under 
100  lamps  and  who  guarantees  65  cents  per  month  per  lamp,  gets  the 
same  rate  as  a  customer  who  has  between  1,000  and  1,250  lamps  con- 
nected and  who  guarantees  only  10  cents  per  month  per  lamp.  A 
table  has  been  worked  out  giving  the  rates  in  cents  per  kilowatt-hour 
for  connected  loads  varying  from  less  than  100  lamps  to  over  3,000, 
and  for  minimum  monthly  guarantees  per  lamp  per  month  varying 
from  10  cents  to  65  cents.  These  rates  are  subject  to  a  farther  dis- 
count based  on  hours  used  and  quantity. 

The  power  rates  are  on  the  same  plan.  A  customer  whose  con- 
nected load  is  one  horse  power  pays  10  cents  per  kilowatt-hour  if  he 
guarantees  $1.00  per  month  per  horse  power.  If  he  guarantees  $7.50 
per  month  per  horse  power,  he  pays  5  cents  per  kilowatt-hour.  There 
are  a  number  of  intermediate  Lteps  between  the  5-  and  lo-cent  rates 
depending  on  minimum  monthly  guarantees,  as  in  the  case  of  the 
lighting  rates. 

This  system  has  some  very  marked  advantages.  It  is  difficult  for 
customer  A  to  say  that  there  is  discrimination  in  favor  of  customer  B, 
for  if  A  will  connect  the  same  load  and  make  the  same  guarantee  as 
B  he  will  get  the  same  rate.  It  strongly  encourages  larger  connected 
loads  and  longer  hours  use  of  both  light  and  power  by  all  customers 
at  all  time.  It  means  that  the  customers  in  their  anxiety  to  get  as  low 
a  rate  as  possible  will  insure  the  company  of  a  large  percentage  of 
their  gross  earnings. 

9. — Combinations  of  the  Above  Systems.  Many  central-station 
managers  find  it  necessary  to  work  out  a  system  of  charging  to  suit 
their  particular  installations  which  are  a  combination  of  two  or  more 
of  the  above  systems.  It  is  very  difficult  to  work  out  a  system  of 
charging  for  electrical  energy  which  will  be  fair  and  equitable,  be 
easily  understood  by  the  layman,  and  at  the  same  time  will  induce 
all  customers  to  increase  their  consumption  economically  to  them- 
selves and  with  profit  to  the  generating  company. 


MACHINERY    FOR    THE    MAINTENANCE    OF 
STREET  PAVEMENTS  IN   PARIS. 

By  Jacques  Boyer. 

The  study  of  the  problems  of  road  and  pavement  construction  has  leceived  a  tremendous 
impetus  during  the  past  few  years  through  the  development  of  the  high-speed  automobile. 
The  great  increase  in  wear  of  road  surfaces  subjected  to  constant  use  by  these  machines 
over  that  caused  by  horse-drawn  vehicles,  and  the  no  less  important  aggravation  of  the  dust 
nuisance  have  imposed  on  urban  authorities  the  necessity  of  evolving  new  materials  and 
improved  methods.  In  this  particular  department  of  civic  administration  Paris  has  lon^, 
held  the  foremost  place  among  the  cities  of  the  world;  that  she  is  in  no  danger  of  losing 
this  distinction  is  amply  shown  by  M.  Boyer's  review  of  the  latest  developments  in  methods 
and  machines  for  pavement  construction  and  repair  and  for  street  cleaning. — The  Editous. 

THOSE  engineers  whose  charge  it  is  to  see  that  the  streets  of 
Paris  are  kept  in  good  condition  have  discovered  that  their 
task  groves  more  difficult  from  day  to  day.  The  citizens  of 
"la  ville  Lumiere"  demand  that  their  public  ways  shall  be  most  care- 
fully maintained  and  kept  clean,  for  this  seems  to  them  but  child's 
play.  Nevertheless,  very  difficult  problems  must  be  solved  to  satisfy 
the  taste  of  the  householders,  to  conform  to  the  laws  of  modern 
hygiene,  and  to  preserve  good  living  conditions  over  a  total  area  of 
16,913,250  square  metres,  of  which  7,198,160  square  metres  are  side- 
walks and  alleys.  Beyond  this,  reckoning  must  be  made  with  the  new 
"autobuses"  now  running  in  the  Paris  streets  which  wear  the  pave- 
ment as  much  as  three  or  four  old-style  buses ;  in  fact,  it  has  been 
calculated  that  a  line  of  these  automobile  vehicles,  each  weighing  6  to 
7  metric  tons  when  fully  loaded,  running  at  20  to  25  kilometres  an 
hour  under  a  3-minute  headway,  is  equivalent  from  the  point  of  view 
of  road  wear  to  an  unbroken  procession  of  horse-drawn  omnibuses 
filled  with  passengers  and  moving  at  a  walking  pace. 

The  able  technical  staff  has  therefore  been  employed  in  finding 
the  best  methods  for  meeting  all  the  existing  conditions.  It  is  the 
purpose  of  this  review  to  show  how  the  streets  of  the  capital  are  main- 
tained, to  review  the  measures  tried  in  recent  years  for  their  improve- 
ment, to  describe  the  new  machinery  which  has  been  employed  for 
this  purpose,  and  to  draw  the  conclusions  which  seem  to  be  established 
by  all  these  eflForts,  comparing  them  with  the  results  obtained  in  the 
large  cities  of  other  lands. 
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Many  types  of  pavement  are  to  be  found  in  Paris,  but  the  prin- 
cipal ones  are  macadam,  stone  block,  asphalt,  and  wooden  pavement. 
Although  macadam  or  metaled  pavements  appear  now  to  be  rejected 
for  corresponding  situations  elsewhere,  and  although  the  engineers  of 
Paris  endeavor  to  reduce  ll)e  extent  of  this  pavement  year  by  year, 
there  were  still  in  1906  1,178,710  square  metres  of  macadam  streets  in 
the  entire  city.*  Furthermore,  effort  is  constantly  made  to  improve  the 
quality  of  the  construction  employed.  For  material,  porphyry  is  used 
where  the  traffic  is  the  heaviest  and  most  rapid,  broken  grit  where  the 
wear  is  less,  granite  or  sandstone  for  still  lighter  traffic,  and  gravel  for 
streets  which  are  very  little  used.     Moreover,  there  has  been  almost 
complete  abandonment  of  the  system  of  partial  repairs  which  consists 
of  filling  breaks  in  the  pavement  with  gravel  which  is  afterwards 
rammed.    The  whole  surface  of  the  road  is  allowed  to  wear  down  to 
the  repair  point,  and  when  this  moment  is  reached  the  entire  surface 
is  restored  with  new  material.    As  preparation  for  this  general  repair, 
however,  it  is  necessary  to  dress  the  surface.     For  this  purpose  the 
public  highway  service  since  1906  has  employed  picking  or  harrow- 
ing machines  on  the  Zettelmeyer  and  Bobe  systems.     The  former, 
shown  in  Figures  i  and  2,  is  formed  of  a  solid  cast  frame  resting 
upon  three  wheels,  the  two  rear  wheels  being  set  upon  a  transverse 
axis,  traversing  the  slotted  block  in  which  picks  are  tightly  held  by 
means  of  screws.     The  forewheel  is  pivoted  and  the  operator  sta- 
tioned in  the  rear  can  steer  the  machine  at  will  by  means  of  a  long 
lever.     Handwheels  operating  a  toothed  quadrant  through  gearing 
change  the  angle  of  the  picks  so  that  they  may  scratch  furrows  of 
the  desired  depth  as  the  machine  is  dragged  along  by  a  steam  roller. 
The  Bobe  machine,  like  the  Zettelmeyer,  weighs  3,500  kilogrammes. 
Without  entering  into  detail  of  description,  it  carries  three  picks  and 
may  be  horse-drawn.     It  is  worthy  of  note  that  in  the  Paris  streets 
this  dressing  of  the  surface  need  not  go  to  great  depth,  especially 
where,  as  shown  in  Figure  3,  the  surface  layers  rest  upon  a  founda- 
tion of  reinforced  concrete. 

This  mechanical  harrowing  is  designed  to  secure  the  most  inti- 
mate bonding  of  the  surface  layer,  which  is  then  rolled  down.  For 
this  latter  work  steam  road  rollers  made  by  Albarret  of  Liancourt 
are  employed.  In  this  type  (Figure  4)  the  motor  system  is  carried 
upon  four  wheels,  two  in  front  almost  touching,  and  two  behind,  of 
which  one  is  the  driving  wheel  operated  through  gearing.  The  boiler 
rests  upon  the  forward  truck,  composed,  as  already  mentioned,  of 

*  All  statistics  given  in  this  article  refer  to  the  year  1906,  the  administration  not  havinj? 
yet  published  the  figures  for  1907, 
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FIGS.     I    AND   2.       MACHINE    FOR   DRESSING   OR    HARROWING   THE    ROAD    SURFACE,    WITH 
THE   AUTOMOBILE   BY    WHICH    IT   IS    DRAWN. 

two  roller  wheels.  These  revolve  loosely  upon  a  steel  axis  supported 
at  its  outer  ends  in  cast  boxes,  which  are  attached  to  a  forged  bar 
solidly  united  with  the  king-pin.  A  cast  sleeve  is  slipped  onto  the 
steel  axle  between  the  hubs  of  the  rollers,  keeping  the  rims  of  these 
two  wheels  a  few  millimetres  apart.    Other  cast  sleeves  are  fitted  be- 
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Iween  the  outer  faces  of  the  hubs  and  the  axle  boxes.  These  rings 
serve  to  keep  the  faces  of  the  roller  wheels  always  parallel  in  spite  of 
wear  on  the  journals  or  brasses.  Further,  a  connection  worked  by  a 
worm  gear  and  a  chain,  as  shown,  serves  to  swivel  the  front  truck 
at  any  desired  angle,  and  the  roller  is  reversing.  Three  models  are 
made,  weighing  respectively  12,800,  13,800  and  15,800  kilos.  The  old 
horse  rollers  are  no  longer  employed  except  in  streets  too  narrow  for 
the  steam  roller  to  operate. 


FIG.    3.      LAYING   PAVEMENT   ON   THE   REINFORCED   CONCRETE   ARCH   OVER   A 
SUBW^AY    PASSAGE   OR   DRAIN. 

The  most  interesting  innovation  in  recent  years,  however,  so  far 
as  concerns  the  metaled  streets  of  Paris,  is  the  tarring,  which,  among 
other  advantages,  makes  them  easier  for  haulage  and  suppresses  al- 
most entirely  the  dust  clouds  which  formerly  were  raised  by  every 
passing  automobile.  Many  products  were  tried ;  first  came  petroleum, 
but  this  has  an  unpleasant  odor,  is  expensive  in  France,  and  gives 
only  short-lived  results ;  therefore  it  has  been  abandoned.  Next  fol- 
lowed divers  compositions  (westrumite,  pulveranto,  asphaltine,  rapid- 
ite,  injectoline,  odocreol,  etc.),  of  formulae  kept  secret  by  their  in- 
ventorS;  but  composed  for  the  most  part  of  the  heavy  oils  of  coal  tar 
or  of  oil  residues  rendered  miscible  by  some  saponifying  agent.  These 
solutions  check  evaporation  more  or  less  and  no  dust  will  show  for  a 
number  of  days.  Thus  they  are  often  serviceable  to  the  municipal  ad- 
ministration of  Paris  on  special  occasions,  as  on  race  days,  reviews. 


STREET    PAVEMENTS    IN    PARIS. 


59 


and  other  fetes  during  which,  on  account  of  the  crowds  in  the  streets, 
it  is  necessary  to  suspend  for  some  hours  the  ordinary  sprinkHng. 

Of  all  these  many  products  tar  alone  (suppressing  dust  and  con- 
sequently mud)  has  given  good  results.  Let  us  reviev/  rapidly  the 
technical  operations  of  tarring.  First  of  all  it  is  necessary  to  prepare 
the  pavement  carefully,  to  submit  it  to  vigorous  sweeping  to  remove 
every  trace  of  dust,  and  to  clear  the  joints  of  the  metaling  in  order 
to  allow  the  tar  to  penetrate  as  far  as  possible.  For  this  purpose,  use 
IS  made  either  of  mechanical  sweepers  or  of  very  stiff  brooms.  The 
tar  is  then  brought  conveniently  near  in  wheeled  tanks  containing 
about  3,500  kilos  (Figure  5).  From  these  it  is  transferred  to  heat- 
ers, for  when  cold  it  is  too  viscid  to  spread  easily,  while  at  a  tempera- 
ture near  its  boiling  point  (80  to  85  degrees  C.)  it  is  almost  as  fluid 


FIG.   4.      STEAM   ROLLER    WORKING   ON    MACADAM    ROADS    Nl?Aj<   THE    FOKTIITCATIONS 

OF  PARIS. 

as  water.  Nevertheless,  certain  precautions  are  necessary,  for  it 
foams  like  milk,  froths  and  overflows  the  receptacle ;  furthermore,  it 
takes  fire  on  contact  with  flame.  Therefore,  attentive  oversight  of  the 
heating  is  imposed  upon  the  operatives.  In  the  apparatus  shown  in 
Figure  6,  2,000  to  3,000  kilos  of  tar  may  be  brought  up  to  the  desired 
temperature.  A  spraying  device  and  a  train  of  brooms  secure  a  good 
distribution,  which  is  further  perfected,  especially  on  the  sides,  by 
sweepers.  These  latter,  with  hand  brooms,  follow  a  tarring  tank 
whenever  it  is  in  motion. 
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FIGS.    5    AND    6.       MELTING    TANK,    PORTABLE    SPREADER,    AND    OPERATION    OF    TARRING 

A    ROADWAY. 

Another  type  of  machine,  invented  by  MM.  Vinsonnean  and 
Hedeline,  also  appears  highly  practical.  The  tar  pumped  continu- 
ously from  the  containing  reservoir  passes  through  a  thermo-siphon 
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heated  by  oil  flame  and  reaches  the  receptacle  at  the  necessary  tem- 
perature, which  is  thereafter  maintained  by  an  internal  heater.  A 
compressor  maintains  uniform  pressure  within  the  closed  receptacle 
during  the  entire  progress  of  emptying.  There  is  thus  no  danger  of 
fire,  the  tar  being  heated  and  kept  in  completely  closed  tanks.  Further, 
this  system  does  not  include  any  distributing  sprinkler  nor  arrange- 
ment of  brooms.  A  special  adjustment  permits  the  tar  to  be  spread 
in  the  form  of  sheets,  instead  of  in  threads  as  in  the  preceding  appa- 
ratus. The  sheet  of  tar  is  spread  upon  the  roadway  like  a  piece  of 
fabric  unrolled.  The  machine  must  go  twice  over  the  ground,  as  a 
single  passage  does  not  cover  the  road  completely. 


FIG. 


STONE-BLOCK    PAVING. 


According  to  figures  given  in  a  work  by  M.  S.  Jousselin,  tarring 
prolongs  the  life  of  the  pavement  from  one-quarter  to  one-third.  It 
costs  in  Paris  about  0.15  francs  per  square  metre,  and,  indeed,  recent 
trials  in  which  the  tar  was  spread  cold  gave  still  lower  costs.  In  this 
case  heavy  oil  was  added  to  the  coal  tar  and  the  process  gave  satisfac- 
tory results,  but  the  technical  officials  are  not  wholly  decided  as  to 
the  value.  To  avoid  necessity  of  returning  to  the  topic  later,  it  may 
be  noted  here  that  some  wood-paved  streets  have  also  been  tarred. 
In  these  cases  it  rests  with  future  experience  to  demonstrate  the 
advantage  or  the  needlessness  of  the  process. 

Stone-block  pavement  is  of  very  ancient  origin,  and  although  the 
use  of  it  is  restricted  year  by  year,  nevertheless  streets  thus  paved 
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still  aggregate  5,637,120  square  metres  in  the  city  of  Paris.  This 
paving  is  done  by  hand,  and  by  primitive  processes.  A  layer  of  sand 
from  10  to  30  centimetres  thick,  according  to  the  nature  of  Ihe  ground, 
is  first  spread.  The  workman  then  sets  the  stone  blocks  upon  this 
with  the  aid  of  a  hammer,  which  carries  on  one  side  an  ogival  trowel 
for  leveling  the  sand,  and  oh  the  other  a  heavy  boss  for  tapping  down 
the  upper  faces  of  the  paving  stones  (Figure  y).  The  work  is  finished 
by  filling  the  joints  with  fine  sand,  and  the  whole  paving  is  then 
rammed  with  wooden  rammers,  iron  shod  at  the  lower  end,  and  fitted 
with  two  handles  by  which  they  are  raised  and  dropped. 


FIG.    8.       RAMMING    NEW    ASPHALT    WITH    HOT    IRON    RAMMERS. 

This  type  of  paving  is  still  much  favored  in  Germany.  It  is  not 
the  practice  there  to  set  the  paving  blocks  on  sand,  but  on  reinforced 
concrete,  or  if  the  trafii-c-  is  heavy  and  important,  upon  a  surface 
formed  of  large  flat  stones  over  which  is  spread  a  layer  0.20  metres 
thick  of  crushed  stone  and  gravel,  the  whole  foundation  being  rolled 
inithe  same  manner  as  the  macadamized  roads  of  France.  Further, 
to,  reduce  the  cost  of  the  foundation,  the  road  builders  in  Germany 
sometimes  employ  reinf orced-concrete  flags,  made  in  advance.  These 
slabs,  I  metre  long,  0.5  metres  wide,  and  0.05  metres  thick,  are  xaid 
upon  other  similar  flags,  and  where  it  is  necessary  to  open  a  street 
th^y  can  be  readily  lifted  and  relaid.  This  type  of  foundation  is  very 
epowojpical!, i;  and  very  stable  for  stone-block  pavihg. 
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In  England,  precaution  is  taken  to  bed  stone  pavements  in  cement 
mortar,  and  the  joints  are  carefully  filled  with  a  thick  grouting  of  tar. 
Stone  pavements  thus  built  are  not  much  noisier  than  asphalt,  and  are 
cheaply  maintained  and  repaired. 

The  total  surface  of  asphalt  paved  streets  and  squares  in  Paris  is 
but  416,470  square  metres,  while  in  Berlin  and  in  London  asphalt 
paving  is  being  extended.  It  has,  indeed,  many  advantages,  being 
nnpermeable,  noiseless,  easily  repaired,  and  possessing  every  hygienic 
requisite.  It  has  the  sole  defect  of  becoming  terribly  slippery  when 
the  surface  is  somewhat  damp.  Nevertheless,  when  asphalt  is  com- 
pletely dry  or  thoroughly  wet  it  causes  no  more  accidents  to  pedes- 
trians, cyclists,  horses,  or  automobiles  than  occur  on  metaled  roads. 


FIG.    9.       ROLLING    ASPHALT    PAVEMENT. 

In  France,  preference  is  given  to  the  use  of  powdered  asphalt, 
which  is  heated  in  advance  in  the  factory,  and  spread  upon  a  concrete 
surface.  The  granular  mass  is  then  pounded  down  with  round  cast 
rammers  weighing  about  10  kilogrammes,  which  are  heated  in  a  port- 
able furnace.  As  shown  in  Figure  8,  the  laborers  performing  this 
work  move  slowly  side  by  side  in  a  line  slightly  oblique  to  the  axis 
of  the  roadway.  Having  gone  once  over  the  section,  they  return, 
working  in  like  manner  in  the  other  direction,  but  pounding  a  little  bit 
harder ;  continuing  thus  and  increasing  the  drop  each  time,  the  ram- 
ming is  completed  with  the  third  operation.  Other  men  then  go  over 
the  rammed  siirface  with  hot  smoothing  tools  for  the  purpose  of  ef- 
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facing  the  marks  left  by  the  rammers.  When  the  asphalt  begins  to 
cool  it  is  rolled  down  with  a  cast  roller  weighing  about  500  kilo- 
grammes, handled  by  two  workmen.     (Figure  9.) 

In  Germany,  in  order  to  secure  a  more  uniform  density  than  can 
be  obtained  with  sheet  asphalt,  certain  cities,  as,  for  example,  Frank- 
fort, Cologne,  and  Hanover,  use  almost  exclusively  asphalt  blocks 
made  in  the  factory.  In  the  manufacture  of  these,  calcareous  asphali 
or  so-called  American  silicious  asphalts  are  used  indifferently. 

For  some  time  past  the  attention  of  Parisian  engineers  has  been 
drawn  to  reinforced  asphalt,  a  new  paving  process  designed  by  M. 
Arthur  Metz.  This  consists  in  incorporating  an  aggregate  of  crushed 
granite  in  the  asphalt  matrix.  The  material  thus  secured  shows  a 
durability  comparable  to  that  of  the  hardest  rocks.  In  laymg  this 
pavement,  a  concrete  foundation  is  first  prepared  and  the  granitic 
asphalt  is  poured  over  this  upon  a  bed  formed  of  little  granite  pyra- 
mids (Figure  10)  which  are  set  by  hand  in  an  elastic  bituminous  coat 
adhering  to  the  concrete  foundation  and  forming  a  solid  mass  with  it. 
It  is  actually  a  granite  reinforcement  which  gives  to  the  completed 
structure  the  name  "reinforced  asphalt."  Pavements  laid  under  this 
system  (among  others,  on  the  Quai  aux  Fleurs  and  in  several  Paris 
streets)  gave  excellent  results.  The  thickness  of  the  asphalt  layer  is 
from  5  to  7  centimetres  for  roadways  and  only  20  millimetres  for 
footways.  The  wear  of  the  g/anitic  asphalt  appears  to  be  slow  and 
uniform,  thus  permitting  its  use  under  dense  traffic.  Furthermore, 
it  does  not  soften  under  solar  heat  and  the  surface  gives  such  good 
adhesion  that  it  is  used  with  advantage  and  economy  on  a  steep  grade 
(3  per  cent)  in  the  neighborhood  of  the  freight  station  of  the  Paris- 
Lyon-Mediterranee  railway,  where  very  heavy  vehicles  are  constantly 
passing.  The  maintenance  and  repair  of  reinforced  asphalt  are  most 
simple,  for  instead  of  tearing  up  the  whole  surface  for  renewal  it 
suffices  to  spread  a  new  layer  of  proper  thickness,  as  this  unites  per- 
fectly with  the  old  surface.  The  cost  of  laying  this  pavement,  for 
which  a  most  promising  future  appears  to  be  assured,  is  but  14  francs 
a  square  metre  for  roadways  and  5  francs  for  sidewalks  (about  $2.20 
and  $0.80  respectively  per  square  yard). 

By  way  of  record,  mention  may  be  made  of  the  recent  and  espe- 
cially unfortunate  trial  of  reinforced  concrete  in  front  of  the  Con- 
servatoire des  Arts  et  Metiers.  Upon  the  foundation  of  concrete  and 
asphalt  already  existing,  little  iron  prisms  were  spread  in  courses  and 
the  whole  was  covered  with  a  rich  cement  mortar.  At  the  end  of  a 
very  short  time  the  experience  was  conclusive.  The  cement,  wearing 
away  much  faster  than  the  iron,  left  the  metal  projecting;  horses 
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traveled  with  great  difficulty  over  the  corrugated  surface,  to  say  noth- 
ing of  the  noise  made  by  the  vehicles,  which  proved  much  rr.ore  in- 
tense over  the  reinforced  concrete  than  over  the  neighboring  istone 
pavements.  The  administration  was  therefore  compelled  to  ask  the 
inventor  to  remove  his  new  pavement  as  quickly  as  possible. 


FIG.    10.      LAYING    THE    GRANITE   PYRAMID    FOUNDATION    FOR    A    REINFORCED-ASPHALT 

PAVEMENT. 

Melted  asphalt,  better  known  in  France  under  the  name  of  bitu- 
men, is  much  employed  in  Paris  for  the  paving  of  sidewalks.  A  mix- 
ture of  bituminous  cement  and  sand  is  usually  melted  in  portable  heat- 
ers, (Figure  ii);  a  small  fire  maintains  the  temperature,  and  the 
operator  in  charge  keeps  constantly  turning  an  agitator  with  which 
the  machine  is  provided,  so  as  to  prevent  the  sand  from  sinking  to  the 
bottom.  The  melted  material  is  drawn  into  buckets  through  a  gate  at 
the  rear;  the  workman  pours  the  soft  mixture  in  front  of  the  paver, 
who  rests  upon  one  knee,  protected  by  a  suitable  cover,  and  spreads 
the  mass  with  the  aid  of  a  wooden  trowel.  (Figure  12.)  Finally, 
while  the  bitumen  is  still  warm,  fine  gravel  is  spread  over  the  <;urface 
and  this  penetrates  and  hardens  the  mass. 

While  wood  pavement  is  now  used  over  an  area  of  1,996,610 
square  metres  in  Paris,  and  is  being  continually  extended,  other  coun- 
tries condemn  it.  In  Germany  thirty-four  cities  which  tried  it  have 
now  com.pletely  abandoned  it.    In  France,  the  Landes  pine  continues 
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FIGS.    II    AND    12.      PORTAELE    INIELTER    FOR    BITUMEN,    AND    PROCESS    OF    LAYING    A 

PTTTTMTNOUS    STDFWALK. 

to  be  the  wood  chiefly  employed,  together  with  pitch  pine  and  north- 
ern fir.  These  woods  are  cut  into  blocks  of  varying  length  in  a  muri'- 
cipal  factory,  and  they  are  then-  creosoted.  The  paver  sets  them  with 
the  aid  of  a  hatchet  (Figure  13)  on  a  concrete  foundation,  in  rows' 
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separated  by  uniform  joints  whose  width  is  regulated  by  wooden 
battens  placed  temporarily  between  the  courses.  As  soon  as  the  pav- 
ing-blocks are  properly  assembled  the  battens  are  removed,  and  over 
the  surface  is  poured  a  mixture  of  melted  tar  and  bitumen,  which 
runs  down  into  the  joints  and  fills  them  to  a  depth  of  three  or  four 
centimetres.  The  wood  blocks  are  thus  imbedded  at  their  base  in  an 
impermeable,  antiseptic  layer.  The  joints  are  then  filled  up  with 
cement  mortar  made  so  thin  that  it  can  be  poured  upon  the  streets 
and  brushed  in  with  brooms.  When  the  pavement  is  completed  the 
entire  surface  is  covered  with  small  sharp  gravel,  thus  solidifying 
and  hardening  the  work.  Sidewalks  are  bordered  by  two  parallel 
rows  of  blocks  at  a  distance  of  four  or  five  centimetres,  the  interven- 
ing space  being  filled  with  sand  or  clay  to  avoid  displacement  of  these 
curbs  by  the  swelling  of  the  wood. 


FIG.    13.       WOQD-BLOCK    PAMNG,    SHOWING    HOW    BATTENS    ARE    PLACED    BETWEEN 

THE  COURSES. 

The  maintenance  of  a  wood-paved  street  demands  one  or  other  of 
the  following  operations :  First,  reversing,  which  consists  in  turning 
the  worn  blocks  upside-down;  second,  repair,  or  renewal  of  small 
areas  which  have  suffered  more  than  the  average;  third,  renewal  or 
complete  reconstruction.  Whatever  system  is  followed,  the  trimming 
or  dressing  of  w^orn  surfaces  is  necessary.  To  explain  this :  When 
a  paving  block  has  been  in  place  for  some  time,  the  ends  of  the  outer 
fibres  are  crushed  by  the  passage  of  vehicles,  and  the   fringes  or 
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FIGS.    14  AND   15.      HAND  AND   MACHINE  DRESSING  OF  USED  WOOD  BLOCK  FOR  PAVING. 

brushes  thus  created  must  be  removed  so  that  the  blocks  which  are 
still  heart-sound  may  be  used  again.  After  cleaning  and  sorting 
(Figure  14)  this  trimming  may  be  done  by  hand  with  a  hatchet,  or, 
better,  on  a  machine.  Figure  15  shows  the  apparatus  devised  by  M. 
Josse  at  work  in  a  Paris  street ;  its  essential  part  is  a  cutter  mounted 
on  a  table,  and  driven  by  a  dynamo  fixed  upon  the  same  axis.    This 
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cutter  consists  of  a  large  wheel  with  six  teeth,  upon  each  of  which 
a  movable  rectangular  blade  is  fastened  by  two  set  screws.  This 
permits  the  easy  removal  of  a  dull  blade  for  resharpening.  The  mo- 
tor is  connected  with  a  municipal  electric  circuit,  and  a  rheostat  placed 
in  front  of  the  operator  permits  him  to  start,  stop  or  control  the 
machine  at  will.  One  man  with  two  helpers  will  easily  dress  600 
blocks  an  hour  by  machine,  whereas  with  the  hatchet  he  could  not 
handle  more  than  50  in  the  same  time.  There  is  also  another  type  of 
trimming  machine  in  use  operated  by  a  de  Dion-Bouton  motor. 

Unfortunately,  the  first  cost  of  wood  pavement  is  high.  In  Lon- 
don it  averages  21  francs  a  square  metre,  using  English  soft  woods, 
and  25.50  francs  for  jarrah,  teak,  and  other  foreign  hard  woods.  In 
Paris  it  figures  about  14  francs  a  square  metre.  In  Germany  it  ap- 
proximates 21  francs  a  square  metre,  with  native  soft  woods,  and 
exceeds  36  francs  with  hard  woods.  This  type  of  pavement  lasts 
from  four  to  five  years  on  heavily  traveled  streets,  and  is  rather 
easily  maintained,  although  at  greater  cost  than  stone  pavement. 

We  have  seen  how  the  Paris  streets  are  built;  it  remains  now  to 
consider  the  methods  adopted  for  cleaning  them,  and  the  provisions 
made  by  the  administration  for  the  comfort  of  citizens  and  for  con- 
formity to  the  modern  standards  of  hygiene.  The  brief  summary 
will  deal  particularly  with  new"  ideas  of  special  interest  to  engineers. 


FIG.     16.       NEW      HUKSiL-DKAW  iN     S\\  KKl'Lk     IN     THE    PARIS     STREETS. 


FIGS.    17    AND    18.      NEW    AUTOMOBILE    SPRINKLING    SWEEPER. 
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The  sweeping  of  the  Paris  streets  is  done  either  with  a  hand 
scraper  fitted  with  a  rubber  strip,  or  by  large  horse-drawn  or  mechan- 
ically propelled  sweepers.  M.  Mazerolle  conceived  the  idea  of  com- 
bining the  ordinary  broom  sweeper  with  a  scraper  fitted  to  the  same 
machine.  (Figure  i6.)  The  idea  seems  simple,  but  a  slight  mechan- 
ical difficulty  was  encountered.  The  scraper  does  not  actually  give 
satisfactory  results  except  when  it  is  pushed  by  the  hand  of  the 
workman.  If  it  is  dragged,  the  least  obstacle  raises  it  and  it  jumps, 
unless  it  is  very  heavily  loaded,  and  in  this  case  the  rubber  quickly 
wears  out.  If,  on  the  contrary,  it  is  pushed,  its  adhesion  to  the 
ground  is  assured.      M.   Mazerolle,  therefore,  arranged   in  the   rear 


FIG.     19.      OLD-STYLE    WATERING    CART. 

of  his  machine  three  scrapers  operated  not  by  traction  but  by  pro- 
pulsion. For  this  purpose  he  added  a  special  frame  supported  by  a 
friction  roller,  and  the  motive  force  is  thus  transmitted  to  the  scrapers 
from  the  rear  forward,  so  that  each  one  acts  as  if  it  were  pushed  by 
hand.  Further,  the  three  scrapers  are  set  at  different  angles  so  that 
they  correspond  to  the  ground  of  the  roadway.  They  are  controlled 
by  a  special  lever  convenient  to  the  hand  of  the  driver,  who  raises 
them  when,  for  example,  the  machine  leaves  a  wood  to  work  upon  a 
stone-paved  surface  where  the  rubber  scrapers  would  be  of  no  effect. 
The  new  automobile  sweeper  and  sprinkler  (Figure  17)  recently 
put  into  service,  shows  important  progress  in  the  same  line  of  ideas. 
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FIG.    20.       IRON    WHEELBARROW    FOR   REMOVING    SWEEPINGS. 

The  reservoir  has  a  capacity  of  2,670  litres.  It  is  equipped  with  a 
de  Dion-Bouton  two-cylinder  combustion  motor  of  15  to  17  horse 
power,  with  radiator,  circulation  pump,  and  a  six-vaned  ventilating 
fan,  belt-driven,  and  magneto-ignition.  In  order  to  reduce  the  length 
of  the  vehicle  to  the  minimum,  the  revolving  brushes  are  installed 
between  the  axles.  The  chassis,  4.37  metres  long,  is  built  of  steel 
sections,  and  to  save  space  the  driver's  seat  is  placed  between  the 
motor  and  the  tonneau.  Besides  the  ordinary  levers  and  pedals,  the 
operator  has  close  to  his  hand  a  handle  for  control  of  the  sprinklers 
or  sprays,  and  a  wheel  operating  the  distributing  cock. 

Sprinkling  is  effected  through  two  valves  of  controllable  discharge, 
to  which  the  water  is  supplied  by  a  centrifugal  pump.  Power  for  this 
is  taken  from  the  motor  shaft  between  the  speed  changing  gear  and 
the  clutch ;  the  pump  is  thus  driven  in  proportion  to  the  speed  of  the 
sprinkling  vehicle,  even  when  the  motor  is  disconnected.  The  drive 
for  the  pump  and  for  the  revolving  brushes  is  concentrated  at  one 
point  close  to  the  motor.  Motion  is  taken  from  the  main  shaft  by 
cone-gears,  driving  a  countershaft  which  operates  a  speed-reducing 
gear  through  which  is  driven  the  secondary  shaft  carrying  the  sprocket 
of  the  chain-drive  to  the  revolving  brushes.  These  make  65  revolu- 
tions when  the  motor  is  running  at  1,400,  equivalent  to  the  speed  of 
15  kilometres  an  hour.  Another  shaft  carrying  a  friction  clutch  with 
expanding  segments  is  driven  by  the  countershaft  and  is  directly  con- 
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nected  with  the  axis  of  the  centrifugal  pump;  from  this  latter,  which 
revolves  at  the  same  speed  as  the  motor,  the  water  is  discharged  at  a 
pressure  of  about  i  kilogramme  through  a  several-way  cock.  A  hand- 
wheel  controls  the  quantity  of  water  discharged,  and  supplies  at  will 
any  one  of  the  sprinkler  boxes,  including  the  two  shown  in  Figure  i8. 
Each  of  the  perforated  pipes  has  twelve  conical  outlets. 

With  this  new  device  sweeping  and  sprinkling  are  effected  under 
conditions  comparable  to  those  secured 'with  horse-drawn  machines. 
According  to  M,  E.  Bret,  of  the  municipal  engineering  service  of 
Paris,  the  sprinkling  sweeper  can  clear  100,000  square  metres  a  day, 
while  horse  machines  would  sweep  but  36,000  square  metres  in  the 
same  time.  The  automobile  machine,  therefore,  equals  the  work  of 
three  horse  sweepers.  The  advantage  is  not  so  marked  in  the  matter 
of  sprinkling,  although,  thanks  to  the  power  of  the  pump,  it  reaches 
twice  the  capacity  of  the  ordinary  horse  machine  (Figure  19).  On 
account  of  the  stops  necessary  for  filling,  the  machine  is  actually  at 
work  but  half  the  time.  The  new  apparatus  thus  loses  a  large  part  of 
the  superiority  which  its  speed  seems  to  confer,  and  it  distributes  but 
about  58,000  litres  of  water  approximately  per  day.  Horse  sprinklers 
reach  a  maximum  of  27,600,  but  in  ordinary  practice  the  daily  aver- 
age does  not  exceed  18,000  or  about  one-third  of  the  duty  of  the  auto- 
mobile. Work  done  by  the  new  sprinkling  sw^eeper  costs  a  little  more, 
but  in  speed  and  convenience  it  outclasses  the  horse  machines. 

Mechanical  sweeping  is  employed  in  almost  all  the  Paris  streets, 
whatever  their  type  of  pavement,  but  it  renders  the  greatest  service 
on  macadamized  or  stone-paved  surfaces.  On  the  other  hand,  the 
rubber  scraper  effects  a  more  thorough  cleansing  of  smooth  pave- 
ments and  sidewalks.  Furthermore,  street  cleaners  sweep  up  the 
leavings  by  hand.  For  gathering  up  and  removing  all  these  sweep- 
ings, a  little  iron  wheelbarrow  with  a  tipping  bucket  filler  has  recently 
been  devised  as  shown  in  Figure  20. 

The  household  wastes  from  residences  in  Paris  are  set  out  in  the 
morning  upon  the  sidewalk  in  movable  receptacles,  and  are  taken 
away  by  carts  which  deliver  them  either  to  the  three  incinerating  and 
grinding  plants  established  by  a  fertilizer  company  in  the  suburbs  of 
Paris,  or  to  railroad  and  water  transportation  by  which  they  are  car- 
ried to  distances  up  to  100  kilometres  from  the  capital.  The  volume 
of  material  of  this  kind  removed  from  all  streets  of  Paris  in  1906 
reached  1,323,686  cubic  metres,  of  which  1,110,772  was  taken  by  cart, 
183,071  cubic  metres  by  railway,  and  only  29,843  cubic  metres  by 
water.  It  may  be  added  in  conclusion  that  the  repair  and  cleaning  of 
public  ways  in  Paris  in  that  year  cost  25,983,571  francs. 


THE   PRACTICAL  TRAINING  OF  MECHANICAL 

ENGINEERS. 

A  COMPARISON  OF  GERMAN,  ENGLISH,  AND  AMERICAN  METHODS. 

By  Franz  zur  Ncdden. 

MUCH  has  been  published  in  recent  years  concerning  the 
practical  training  of  mechanical  engineers,  some  of  the 
important  communications  on  the  subject  having  appeared 
m  this  Magazine ;  but  these  observations  related  principally  to  English 
or  American  institutions  and  conditions.  In  Germany,  the  conditions 
for  the  study  and  practice  of  technical  science  are  wholly  different; 
nevertheless,  examination  of  the  widely-noticed  "Report  to  the  In- 
stitution of  Civil  Engineers"  upon  the  best  methods  for  education 
and  training  in  all  branches  of  the  profession,  shows  a  striking  agree- 
ment in  essentials  with  the  latest  Continental  opinions  upon  the  same 
subject.  The  reason  for  this  agreement  may  be  that  this  report  looks 
forward  to  an  eventual  reorganization  of  the  training  in  the  English 
polytechnic  schools  upon  models  drawn  from  the  German  institutions 
at  Charlottenburg. 

This,  in  brief,  is  the  training  of  a  German  (diplomate)  engineer: 
Boys  usually  leave  school  at  the  age  of  eighteen  years.  By  the  stat- 
utes of  all  German  technical  colleges,  candidates  for  admission  must 
first  pass  through  a  year  of  practical  work  in  a  machine  shop  or  fac- 
tory. The  railway  shops  of  the  Government  are  in  part  placed  at  their 
disposal  and  durmg  this  time  they  are  called  volontairs  or  Sieves, 
not  "apprentices."  The  name  indicates  that  their  aims  are  wholly 
different  from  those  of  the  apprentices.  This  year  of  practical  work 
is  followed  by  four  years  of  study  in  the  technical  college. 

Each  year  the  so-called  "long  holidays"  (that  is,  a  period  of  about 
three  months)  may  be  used  for  additional  practical  training  in  ma- 
chinery establishments.  There  are  no  shops  for  special  training  in 
the  colleges,  but  from  year  to  year  the  mechanical  laboratories  are 
becoming  more  important  in  the  whole  plan  of  instruction.  A  pre- 
liminary examination  is  given  after  the  first  two  years  of  study,  and 
success  in  passing  this  is  a  necessary  condition  for  entering  the  final 
examination  at  the  end  of  the  course.  Both  examinations  are  op- 
tional, but  as  a  rule  they  are  taken.    If  these  are  successfully  passed, 
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the  graduates  receive  the  official  title  of  diplom-ingenicur ,  which  is 
reserved  by  law  for  engineers  thus  academically  trained. 

On  the  whole,  the  mere  academic  study  is  put  forward  much 
further  than  under  the  English  method,  but  it  would  be  entirely 
wrong  to  assume  that  ''academic"  is  synonymous  with  ''abstractly 
theoretical."  Strong  emphasis  must  be  put  on  the  observation  that 
the  utmost  importance  is  attached  to  exercises  in  actual  construction 
and  to  the  courses  in  the  mechanical  laboratories.  These  exercises 
are  supervised  by  the  best  of  the  practicing  engineers  of  the  country. 
It  is  quite  the  rule  for  these  professors  not  only  to  furnish  opinions 
upon  important  industrial  propositions,  but  themselves  to  devise, 
elaborate  and  detail  them.  Out  of  their  drafting-rooms  come  often 
the  most  perfect  workshop  drawings,  complete  to  the  smallest  detail. 
This  close  combination  of  theoretical  instruction  and  practical  work 
very  naturally  and  constantly  conforms  technical  instruction  to  the 
actual  conditions  of  industrial  engineering.  The  exercises  given  in 
constructive  work  differ  scarcely  at  all  from  the  employment  the 
young  engineer  finds  when  he  first  enters  the  drafting-room  of  a  large 
establishment.  To  make  this  educational  scheme  possible,  the  pre- 
liminary requisite  is  exact  knowledge  of  the  processes,  require- 
ments, and  ideas  of  the  workshops  of  the  country.  This  may  be  the 
reason  above  all  others  why  in  Germany  the  workshop  year  must  be 
taken  before  beginning  with  theoretical  studies.  Whether  or  not 
this  educational  order  is  correct  is  a  matter  of  opinion.  The  report 
mentioned  above  says  much  in  favor  of  it. 

In  the  United  States  an  attempt  is  being  made  to  alternate  practi- 
cal work  with  the  college  studies.  A  certain  equivalent  of  this  idea 
appears  in  the  holiday  exercises  in  Germany.  These  serve  also  to 
demonstrate  the  increase  in  ability  to  grasp  the  essentials  of  mat- 
ters of  practice  after  each  additional  year  of  study.  It  may  be  as- 
serted that  a  student  during  his  workshop  experience  will  see  and  learn 
as  much  in  one  day  after  his  academic  studies  as  he  would  in  ten  days 
before  them. 

The  result  thus  demonstrated  would  suggest  that  the  workshop 
year  be  taken  after  the  studies.  A  further  reason  for  this  order  is 
purely  economical.  The  volontairs  are  of  course  a  burden  to  the 
mdustrial  works  into  which  they  are  taken.  Factories  are  designed  to 
produce  economically,  not  to  serve  as  pedagogical  institutions.  The 
manager  will  give  special  attention  only  to  those  operations  in  his 
factory  which  mean  a  direct  increase  of  dividends ;  therefore,  the 
professional  training  of  the  volontair  will  be  less  intently  looked  after 
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the  less  the  student  knows  and  the  less  his  productive  value.  Further, 
when  the  young  man  leaves  the  works  at  the  end  of  the  year,  he  goes 
to  college  for  a  four-year  term,  and  it  is  highly  improbable  that  after 
passing  his  examinations  he  will  return  to  employ  his  talent  in  the 
same  factory  where  he  passed  his  student  year.  The  chance,  there- 
tore,  that  the  proprietor  will  even  ultimately  receive  compensation 
tor  the  attention  and  outlay  he  has  spent  upon  the  student  is  very  re- 
mote. If,  on  the  other  hand,  the  practical  training  follows  the  aca- 
demic instructions,  as  we  find  it  in  the  United  States,  things  are  oh 
quite  a  different  footing.  The  great  establishments  in  America  or 
England  which  receive  each  year  a  certain  number  of  engineering 
apprentices  may  well  look  upon  them  as  most  promising  raw  material. 
They  aim  to  form  these  young  men  according  to  their  special  wants. 
So  far  as  their  personnel  is  concerned,  the  situation  is  like  that,  for 
mstance,  of  an  establishment  producing  its  own  specially-suited  ma- 
chine tools.  Although  the  entire  scheme  for  training  engineering  ap- 
prentices is  often  taken  to  be  a  highly  philanthropic  institution,  we 
must  not  deceive  ourselves  by  assuming  that  any  but  simply  econom- 
ical considerations  underlie  the  plan.  The  fine  club  house  which  the 
Westinghouse  Company  has  built  for  engineering  apprentices  will 
pay  splendidly  by  the  invaluable  party  spirit  that  arises  here  among 
the  engineering  stafif,  even  from  the  very  first  days  of  their  service. 
And  though  50  per  cent  of  the  engineering  apprentices  might  be  re- 
leased after  their  course  is  completed,  we  must  not  think  that  this  is 
merely  the  expression  of  a  nohile  oificium  rendered  by  these  large  es- 
tablishments— as  if,  perchance,  there  were  a  moral  obligation  for  the 
strongest  and  richest  corporations  to  provide  the  country  with  a  use- 
ful rising  generation  of  educated  workmen.  On  the  contrary,  the 
other  half  which  is  kept  every  year  is  the  choice,  and  the  training 
of  the  rejected  half  was  necessary  to  secure  the  numbers  and  standards 
of  the  selected  class.  Every  owner  of  a  racing  stud  knows  that  not 
every  colt  becomes  a  first-class  runner,  and  he  must  keep  a  whole 
stock  farm  to  breed  some  few  exceptional  horses.  It  would  be  utterly 
wrong  to  regard  this  cool  and  deliberate  point  of  view  as  a  fault  of  the 
English  method,  for  the  economical  impulse  is  always  the  most  in- 
tense, and  the  more  intense  the  impulse  the  better  the  product. 

The  only  serious  disadvantage  of  this  special  training  is  that  it  may 
produce  (and  indeed  it  has  already  begun  to  produce)  specialists 
whose  excellent  accomplishments  in  their  particular  branches  are  im- 
paired by  manifest  ignorance  in  adjoining  fields.  Their  lack  of  com- 
prehensive viewpoint  produces  one  of  the  greatest  dangers  threaten- 
ing technical  progress  to-day — specialistic  dogma. 


TRAINING   OP   MECHANICAL  ENGINEERS.  ;; 

The  provision  of  workshop  training  as  a  precedent  to  the  college 
course,  without  any  particular  view  to  any  specialized  future  occupa- 
tion, favors  universality  of  perspective.  On  the  other  hand,  the  ab- 
sence of  an  economic  incentive  tends  to  deteriorate  training.  In 
Germany,  we  try  continuously  to  make  up  for  this  want,  which  many 
persons  recognize  clearly.  We  try  to  replace  the  economic  incentive 
by  an  intensified  moral  incentive.  The  Society  of  German  Machine 
Works  (Verein  Deutscher  Maschinenhauanstalten)  in  Dusseldorf  en- 
deavors to  put  pressure  upon  its  members  to  take  up  the  effective 
training  of  volontairs  more  heartily  than  in  the  past.  It  is  to  be 
feared  that  this  stimulus  will  not  achieve  the  purpose.  To  secure 
really  satisfactory  results  a  considerable  amount  of  time  and  money 
are  indispensable.  The  immense  organizations  for  the  practical 
training  of  engineering  students  in  England  and  in  the  United  States 
show  that  clearly.  Special  personal  attention  could  replace  these  insti- 
tutions only  to  a  limited  degree.  If  an  immediate  economic  ad- 
vantage is  not  to  be  expected,  expense  and  care  will  be  devoted  only 
by  those  who  work  with  their  whole  heart  and  soul,  and  this  spirit  can- 
not be  ingrafted  into  one  who  does  not  himself  possess  it.  Consider- 
ing this,  the  German  technical  colleges  must  be  well  content  that  they 
have  at  least  succeeded  in  securing  from  five-hundred  prominent 
German  machine  works  assurances  of  willingness  to  take  a  limited 
number  of  young  men  as  volontairs  every  year,  upon  payment  by  the 
student  of  an  average  sum  of  300  to  500  marks,  (£15  to  £25,  or  $75 
to  $125)   for  the  privilege. 

Most  workshops  having  done  little  for  the  volontair  except  grant- 
ing admission,  and  the  instruction  given,  if  any,  having  been  rather 
poor  and  entirely  uns5mimetrical,  we  have  tried  to  remedy  the  faults 
in  various  ways.  Excellent  help  is  given  in  some  cases  by  the  official 
(and  partially  obligatory)  apprentice  continuation  courses  created  by 
the  well-known  ''social  political  legislature."  The  following  pro- 
gramme of  the  continuation  courses  in  one  of  the  most  prominent 
factories  will  show  the  high  grade  of  instruction  sometimes  given  by 
these  schools.  The  annual  programme  of  the  most  advanced  class  in 
Ludwig  Loewe  &  Company's  apprentice  continuation  school  is  as 
follows : 

Per  week. 

Political  economy  and  instruction  in  constitutional  rights  and  duties.,  i  hour 

Bookkeeping,  exchange,  and  common  law i 

Algebra,  logarithms,   and  slide-rule   computations i 

Euclid,  stereometry,  and  trigonometry i 

Metallurgy   of   iron i     ** 

Workshop  information    i     " 
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The  subjects  specified  in  the  last-named  course  are  of  much  in- 
terest.   Systematic  instruction  is  given  concerning: 

(i)    Cutting    tools;    chasers,    planers,    drills,    taps,    reamers,    milling    cutters, 
backed-off  cutters,  files,  scrapers. 

(2)  Clutching  implements ;  hold-fasts,  screws,  vises,  sockets. 

(3)  Measuring   implements;    rules,   calipers,   slide   gauge,   micrometer   gauge, 
standard  gauges,  limit  gauges. 

(4)  Tracing  on  the  surface  plate;  ruler,  surface  plate,  water  level,  bevel  pro- 
tractor. 

(5)  Mechanical    cutting;    turning,    planing,    milling,    examining    for    faults, 
mandrels,  centers. 

(6)  Machine  elements;  screws,  belt  pulleys,  gear  wheels,  change  gears. 

(7)  Reading  of  drawings. 

(8)  Hardening,  tempering  and  grinding;  tools,  swages,  punches. 

Stress  must  be  laid  upon  the  fact  that  these  courses  are  held  for 
apprentices,  not  for  the  volontairs,  so  these  latter  may  attend  the 
lectures  only  as  outsiders.  This  is  only  apparently  a  disadvantage; 
indeed,  two  great  advantages  are  combined  in  this  system.  The«  first 
is  social.  The  young  man  learns  early  to  understand  and  to  estimate 
the  expenditure  of  energy  v^hich  is  involved  in  follow^ing  mental 
training  in  addition  to  every-day  work  in  the  shop.  The  laborers 
like  to  see  their  future  engineers  sitting  side  by  side  with  their  young 
sons.  Ludwig  Loewe  &  Co.  join  with  this  a  second  advantage.  The 
volontairs  pay  for  this  advanced  education  the  sum  of  £50  a  year. 
With  a  dozen  of  them  usually  admitted  thus  to  the  practical  training 
in  the  factory,  the  company  may  recoup  a  good  deal  of  the  cost  of 
the  splendid  education  it  gives  to  its  apprentices.  Thus,  the  volon- 
tairs are  no  longer  a  burden  but  a  financial  advantage  to  the  works. 
I  estimate  this  as  the  greatest  achievement  of  the  Ludwig  Loewe 
system.  It  retains  all  the  advantages  of  taking  factory  work  in 
anticipation  of  college  studies,  and  avoids  all  the  disadvantages  of 
postponing  practical  training  until  the  last. 

Unfortunately,  this  good  example  has  so  far  remained  without 
imitators.  Evening  courses,  generally  attended  by  very  poor  effi- 
ciency, are  not  always  practicable,  and  seldom  give  the  necessary 
material  in  a  good  instructional  way,  unless  in  the  presence  of  spe- 
cially talented  or  unusually  well-trained  teachers.  Possibly  a  future 
form  of  the  programme  of  the  technical  colleges  will  postpone  the_ 
workshop  year  and  substitute  a  first-class  introductory  college  course. 

There  is  today  perhaps  but  one  help  applicable  in  all  cases — a  good 
and  useful  book  written  ''ad  hoc."  There  are  such  specially  prepared 
books  which  the  young  volontair  may  study  during  the  workshop  year 
and  which  give  him  a  better  understanding  of  the  leading  ideas  in  the 
activity  surrounding  him.*     It  would  indeed  be  a  serious  mistake  to 

*  The  author  of  this  article  has  written  such  a  book,  which  will  shortly  be  published  in 
English  by  Messrs.  Constable  &  Co.,  the  title  being  "The  Workshop  Year  of  the  Mechanical 
Engineer."  , 
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consider  that  the  workshop  year  is  to  be  used  only  for  the  cultiva- 
tion of  a  certain  manual  dexterity. 

The  many  crafts  associated  in  the  building  of  a  modern  macnine 
can  not  be  learned  by  anybody  in  one  or  two  years,  however  capable 
he  may  be,  but  a  longer  time  than  this  can  not  be  spent,  at  least  in 
Germany.  The  young  man  there  leaving  college  at  about  eighteen 
years  of  age  must  give  a  whole  year  to  general  military  duties,  four 
years  to  study  in  the  mechanical  college,  and  he  must  not  be  a  charge 
on  the  paternal  budget  after  twenty-five  years  of  age.  It  seems,  then, 
to  be  clear  that  the  decisive  criterion  of  practical  training  can  not  be 
sought  in  the  learning  of  manual  skill.  It  is  clear,  further,  that  the 
many  attempts  to  replace  practical  work  by  college  instruction  shops 
will  be  abortive.  Such  shops  do  not  reflect  the  life  nor  the  condi- 
tions of  a  producing  factory.  The  student  of  medicine  can  not  learn 
to  cure  the  sick  by  dissecting  the  dead;  this  can  give  only  a  certain 
exercise — nothing  more. 

The  essential  in  the  training  of  engineers  is  to  make  them  under- 
stand that  the  demands  of  economy  are  the  deciding  conditions  in 
technical  construction  and  development.  This  perception  can  never  be 
gained  in  a  workshop  secluded  from  current  industrial  life.  Mere 
manual  skill  is  of  little  use  to  the  modern  engineer,  (though  he  may 
sometimes  use  it  to  advantage  as,  for  example,  when  inspecting  the 
erection  of  a  machine)  for  we  find  that  the  most  highly  developed 
art  of  the  modern  constructor  is  expressed  by  the  most  extensive 
application  of  machinery  in  place  of  hand  work.  To  teach  this  art, 
the  English  and  American  methods  of  training  seem  highly  suitable. 
While  this  perception  gains  ground  continually  in  Germany,  the  ques- 
tion of  radical  reform  of  the  German  system  of  practical  training,  to 
conform  to  the  trans-Atlantic  example,  can  not  yet  be  discussed.  It 
is  extremely  interesting  to  find  that  at  a  time  when  pure  technical 
college  instruction  is  so  highly  developed  in  Germany  that  England 
and  America  take  it  as  a  pattern,  practical  training  is  yet  dispropor- 
tionately neglected.  On  the  other  hand,  this  sort  of  training  is 
brought  to  high  perfection  in  some  places  in  England  and  America. 
It  therefore  seems  possible  that  Germany,  in  exchange  for  her  tech- 
nical methods,  may  receive  from  English-speaking  nations  methods 
for  the  best  practical  training  of  mechanical  engineers. 


THE  PEAT  RESOURCES  OF  THE   UNITED 

STATES.* 

By  Charles  A.  Davis,  Peat  Expert,  United  States  Geological  Survey. 

The  exhaustion  of  America's  fuel  resources  is  recognized  as  a  contingency  near  enough 
to  cause  anxiety,  and  protective  measures  have  received  a  good  deal  of  attention.  As 
pointed  out  in  our  editorial  columns  this  month,  reforms,  to  be  operative,  must  be  construc- 
tive. That  is.  a  bar  across  the  road  we  want  to  close  is  not  nearly  so  effective  for  that 
purpose  as  the  opening  of  a  better  way  as  an  alternative.  Dr.  Davis's  demonstration  of  the 
profits  derivable  from  the  peat  beds  of  the  United  States  should  act  as  a  stimulus  to  their 
utilization,  and  thus  automatically  protect  deposits  of  other  fuels  which  it  is  desirable  to 
conserve  for  special  purposes  that  they  alone  can  properly  fulfil. — The  Editors. 

IN  the  present  generation,  the  attention  of  investors  and  the  general 
public  in  the  United  States  has  but  recently  been  turned  to  the 
possibility  of  using  peat  for  fuel  and  as  raw  material  for  a  num- 
ber of  manufacturing  industries.  This  in  spite  of  the  fact  that  it  is 
well-known  that  it  has  been  used  for  very  many  years  in  northern 
Europe,  where,  as  estimated  by  competent  observers,  approximately 
10,000,000  tons  of  peat  fuel  prepared  for  market  by  various  processes 
are  consumed  each  year.  Smaller  quantities  of  peat  are  also  prepared 
and  sold  for  bedding  for  stock,  for  packing  material,  for  sanitary 
purposes,  and  for  making  a  number  of  manufactured  products. 

Economists,  engineers,  economic  geologists,  and  others  have  taken 
the  attitude  that  the  United  States  had  no  need  to  use  peat  fuel  be- 
cause it  was  so  amply  endowed  with  wood  and  coal  and  so  marvelously 
rich  in  its  deposits  of  natural  gas  and  mineral  oils;  and  that,  even  if 
it  were  desirable  to  use  it,  peat  could  not  be  produced  here  with  profit 
as  a  substitute  for  or  auxiliary  to  any  of  them.  The  attention  of  the 
country,  however,  has  been  turned  recently  to  the  forcible  statements 
of  the  National  Conservation  Commission,  as  well  as  to  those  of. 
similar  bodies  in  various  States,  that  those  fuel  resources  which  from 
early  times  have  been  considered  inexhaustible  were  already  greatly 
depleted,  and  must  be  used  less  wastefully  and  less  lavishly  if  the  great 
prosperity  of  the  country  primarily  based  upon  them  was  to  be  con- 
tinued. Apparently  the  time  has  come  when  it  is  necessary  to  take 
account  seriously  of  stock  of  all  of  the  materials  which  may  be  used 
to  augment  or  supplement  the  more  commonly  used  fuels,  in  order 
that  the  future  may  be  planned  for  and  dealt  with  fairly. 


*  Published  by  permission  of  the  Director,  U.   S.  Geological  Survey. 
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While  the  antagonistic  or  agnostic  attitude  noted  above  has  been 
maintained  by  the  majority  of  those  by  whom  America  should  be 
guided  in  such  matters,  the  utilization  of  low-grade  fuels  as  sou/ces 
of  producer  gas  has  made  considerable  progress  in  Europe,  where  the 
necessity  for  more  economical  ways  of  using  raw  materials  has  arisen 
sooner  than  in  America.  At  a  time  when  in  America  the  use  of  coal 
at  the  mines  for  producing  electric  energy  in  quantities  to  be  trans- 
mitted to  distant  centers  of  consumption  is  still  a  dream  to  be  realized 
in  the  future,  entirely  trustworthy  reports  come  from  Sweden,  Ger- 
many, and  other  countries  of  northern  Europe  that  peat  is  actually 
being  used  successfully,  in  plants  built  at  the  bog,  as  a  source  of  pro- 
ducer gas  for  use  in  internal-combustion  engines  to  generate  elec- 
tricity for  lighting,  traction,  and  manufacturing  purposes  in  towns 
miles  away.  Moreover,  some  of  the  plants  which  are  so  operated  are 
built  in  units  of  150  horse  power  and  develop  less  than  500  horse 
power  for  the  entire  plant,  thus  refuting  the  idea  that  such  installa- 
tions must  be  only  for  large  units  and  great  total  current  production. 
Such  reports  have  of  necessity  created  considerable  interest  in  the 
minds  of  those  in  the  United  States  who  have  kept  in  touch  with  de- 
velopments of  this  sort,  and  have  stirred  to  renewed  activity  those 
who  have  seen  the  possibilities  of  using  peat  as  a  supplementary  fuel. 

In  1905,  some  preliminary  tests  of  peat  were  made  at  the  St.  Louis 
testing  plant  of  the  U.  S.  Geological  Survey  in  a  large  pressure  gas- 
producer  ;  while  too  few  in  number  to  be  of  value  for  drawing  general 
conclusions,  they  were  highly  satisfactory  and  as  far  as  they  went 
verify  the  reports  of  European  success  with  peat  for  gas  production. 
These  early  experiments  have  been  confirmed  by  one  made  during  the 
present  year  at  Pittsburg  in  a  different  type  of  gas  producer,  that  was 
quite  as  satisfactory  as  the  first  ones.  It  may  be  safely  assumed  from 
these  tests  that  some  peats  of  American  origin  are  but  little  inferior 
to  many  grades  of  bituminous  coal  now  finding  ready  sale,  and  above 
some  in  the  number  of  cubic  feet  of  producer  gas  which  they  will 
yield  for  a  given  weight,  and  in  the  calorific  value  of  the  gas.  It 
should  also  be  pointed  out  that  these  tests  show  that  a  ton  of  peat, 
used  in  the  gas  producer,  will  develop  more  power  than  an  equal 
weight  of  the  best  coal  to  be  obtained,  used  under  a  steam  boiler.  It 
is  evident  that  fuel  of  this  character  should  not  be  ignored  entirely. 

Attention  has  also  been  called  by  reports  from  abroad  to  uses  of 
peat  producer  gas  other  than  for  gas  engines ;  these  state  that  it  has 
been  used  with  success  in  metallurgical  operations,  as  in  foundries 
and  steel  works,  and  in  brick  and  glass  making,  as  well  as  in  various 
ceramic  kilns. 
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The  modifications  of  the  Mond  process  and  type  of  gas  producers 
which  have  recently  been  worked  out  by  the  investigation  of  Frank 
and  Caro  in  Germany,  to  adapt  them  to  the  use  of  peat  for  fuel,  have 
opened  up  still  more  attractive  possibilities  for  utilizing  this  sub- 
stance. By  this  modified  process,  the  greater  part  of  the  combined 
nitrogen  of  peat  may  be  converted  into  ammonia  and  recovered  as 
ammonium  sulphate  during  the  process  of  gasifying  the  peat  in  large 
gas  producers.  As  nitrogen  is  present  in  American  peats  in  large 
percentage  relative  to  that  of  Europe,  some  showing  more  than  3  per 
cent  of  the  dry  peat,  and  as  it  has  been  shown  by  the  experimental 
work  of  the  inventors  of  this  process  that  peat  with  but  little  more 
than  I  per  cent  of  weight  would  yield  enough  amimonium  sulphate  to 
pay  for  running  the  plant,  for  its  maintenance,  for  gasifying  the  peat, 
and  leave  a  profit  besides,  while  a  large  part  of  the  gas  was  left  as 
additional  profit,  it  seems  worth  while  to  consider  whether  or  not  in 
the  near  future  peat  beds  of  proper  character  may  not  be  exploited 
with  profit  as  sources  of  power  and  ammonium  compounds  in  the 
United  States. 

The  Frank  and  Caro  process  has  the  advantage  over  others  in 
being  able  to  use  peat  with  from  40  to  50  per  cent  of  water,  thus  ob- 
viating many  of  the  difficulties  experienced  in  drying  the  material  be- 
fore it  is  used.  The  successful  operation  of  plants  of  this  type  recov- 
ering ammonium  sulphate  requires  large  and  expensive  installations, 
however,  and  this  seems  to  be  its  chief  disadvantage  although  several 
fully  equipped  plants  are  said  to  be  in  process  of  erection  in  various 
parts  of  Europe. 

Since  peat  used  in  the  gas  producer  near  or  at  the  bog  from  which 
it  is  dug  requires  no  transportation  of  any  consequence,  it  would  be 
unnecessary  to  give  it  other  than  the  simplest  preparation  for  storage, 
which  would  permit  of  properly  drying  it.  For  the  same  reason,  peat 
with  high  ash  content,  which  it  would  not  pay  to  transport,  could 
be  used  for  producer  gas — a  fact  that  should  be  considered  when  large 
areas  of  peat  of  this  character  occur  near  manufacturing  centers. 

Peat  utilization  appears  more  certain  as  a  future  probability  when 
it  is  known  that  those  parts  of  the  country  possessing  extensive  peat 
deposits  that  may  be  considered  of  commercial  importance,  are  lo- 
cated along  the  northern  boundary  and  in  the  coastal  plain  of  the 
Atlantic  region.  Other,  but  more  limited,  areas  occur  in  the  western 
mountains  and  in  the  damper  parts  of  the  States  bordering  the  Pacific. 
The  States  with  the  largest  areas  of  peaty  land  are  the  eastern  Da- 
kotas,  Minnesota,  Wisconsin,  Michigan,  northern  Iowa,  Illinois,  In- 
diana, Ohio,  the  whole  of  New  York,  New  England,  New  Jersey,  and 
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a  part  of  Pennsylvania ;  the  coastal  portions  of  Virginia,  North  and 
South  Carolina,  and  nearly  all  of  Florida.  It  is  also  exceedingly  prob- 
able that  there  are  workable  peat  beds  in  the  swamps  of  the  Gulf 
States  and  in  the  parts  of  the  flood  plain  of  the  Mississippi  and  its 
tributaries  lying  at  a  distance  from  the  streams.  These  regions  of 
the  frequent  occurrence  of  peat,  as  will  be  seen  by  a  glance  at  the  map, 
lie  almost  entirely  outside  of  the  coal  fields,  with  the  exception  of 
Michigan,  where,  as  is  well  known,  but  a  small  part  of  the  coal  basin 
has  yet  been  found  productive — most  of  the  workable  coal  seams 
being  apparently  quite  closely  confined  to  the  vicinity  of  Saginaw  Bay. 
In  making  comparisons  between  peat  and  coal,  it  should  be  taken 
into  account  that  peat  can  be  mined  and  prepared  for  the  gas  pro- 
ducer, the  furnace,  or  any  other  use,  by  very  simple  and  low-price 
plant,  and  with  much  less  danger  than  is  attendant  upon  other  forms 
of  mining,  as  all  of  the  workings  are  open  cuts  made  by  ordinary 
excavating  or  dredging  machinery,  or,  as  in  Europe,  by  the  use  of  a 
specialized  form  of  spade,  so  that  practically  all  the  dangers  and  dis- 
comforts of  underground  mining  and  the  expense  of  equipment 
needed  for  it  are  avoided.  The  fact  must  not  be  overlooked,  however, 
that  the  great  obstacle  in  the  preparation  of  peat  for  fuel,  or  other 
purposes,  has  always  been  and  continues  to  be  the  fact  that  it  contains 
from  85  to  90  or  more  per  cent  of  water  as  it  lies  in  the  beds.  It  has 
been  demonstrated  beyond  any  possibility  of  doubt  that  this  water 
cannot  be  quickly  and  cheaply  removed  by  pressure  below  about  70 
per  cent,  and  centrifugal  machines  are  equally  ineffective  in  remov- 
ing it,  so  that  it  must  be  removed  by  evaporation.  It  may  also  be 
shown  by  a  simple  calculation  that  not  enough  heat  units  can  be  ob- 
tained from  the  dry  residue  obtained  by  artificially  drying  a  ton  of 
peat  as  dug,  to  evaporate  the  water  from  another  ton ;  hence  it  is 
apparent  artificial  drying  cannot  be  resorted  to,  but  that  the  slow  and 
generally  uncertain  air  drying  must  be  used,  except  where  large  sup- 
plies of  waste  heat  are  available.  Air-dried  peat  has  a  moisture  con- 
tent of  from  15  to  25  per  cent,  and  its  theoretical  fuel  efficiency  is 
lowered  by  the  water  in  about  direct  proportion  to  the  amount  which 
it  contains.  As  noted  above,  however,  it  seems  quite  possible  to  use 
peat  with  at  least  40  per  cent  moisture  in  recently  developed  types  of 
gas  producers,  and  drying  to  this  percentage  may  be  cheaply  accom- 
plished by  plowing  or  digging  up  the  surface  of  the  peat  and  allowing 
it  to  be  dried  out  by  the  wind  and  sun  as  it  lies  on  the  bog  from  which 
it  has  been  dug.  Peat  taken  from  below  the  water  level  in  Florida, 
macerated  in  a  pug  mill,  and  then  spread  out  on  the  ground  in  a  layer 
8  inches  thick,  dried  in  the  air,  even  in  the  winter  time,  to  an  air-dried 
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condition  in  about  three  weeks,  and  would  be  ready  for  the  gas  pro- 
ducer in  considerably  less  time. 

While  artificial  drying  of  peat  for  fuel  is  impracticable,  as  pointed 
out  in  a  previous  section,  it  has  received  and  is  now  engaging  the  at- 
tention of  many  able  engineers  and  inventors  who  still  hope  to  "solve 
the  problem"  which,  in  the  opinion  of  many,  must  be  worked  out  to  a 
satisfactory  conclusion  before  any  large  development  of  the  use  of 
peat  for  ordinary  fuel  purposes  can  be  expected.  To  state  this  prob- 
lem in  concrete  terms: — it  is  to  find  a  method  of  handling  the  wet 
peat  as  it  comes  from  the  bog,  containing  about  90  per  cent  of 
water,  so  rapidly  and  cheaply  that  the  approximately  250  pounds  of 
salable  material  obtained  in  the  air-dried  state  will  pay,  not  only  the 
cost  of  digging  and  preparation,  but  of  management,  amortization, 
and  selling,  and  in  addition  will  return  a  profit  on  the  original  capital. 
In  another  form,  the  problem  is  to  dry  out  1,800  pounds  of  water 
from  2,000  pounds  of  wet  peat  in  such  a  way  that  costs  may  be  met 
and  a  dividend  declared  from  the  200  pounds  of  dry  matter  obtained, 
each  pound  of  which  will  evaporate  about  6  pounds  of  water  from  and 
at  212  degrees  F.,  in  a  boiler.    The  answer  is  quite  plainly  apparent. 

Note  may  be  made  of  the  fact  that  if  peat  with  90  per  cent  of 
water  has  its  moisture  content  reduced  to  80  per  cent,  the  loss  in 
weight  of  water  is  more  than  one-half,  and  this  reduction  may  readily 
be  accomplished  by  drainage,  or  by  simple  and  cheap  processes. 

Peat  is  made  into  fuel  in  the  European  countries,  where  it  Is  used 
in  a  number  of  ways  primarily  designed  to  make  it  less  bulky  and 
more  easily  transported  than  it  is  in  the  ancient  form  of  cut  peat,  as 
well  as  to  increase  its  efficiency  as  a  source  of  energy.  As  cut  peat  it 
has  extensive  use  in  stoves  for  cooking  and  heating,  in  the  form  of 
air-dried  blocks  or  sods,  cut  from  the  bog  by  hand  labor  with  special 
forms  of  spades.  A  more  compact  and  efficient  fuel  is  made  by  more 
or  less  thoroughly  macerating  the  freshly  dug  wet  peat  and  pressing 
it  into  moulds,  after  which  it  is  allowed  to  drain  and  dry  by  spread- 
ing the  blocks  on  the  ground  exposed  to  sun  and  wind.  A  somewhat 
more  modern  method  of  preparation  is  to  grind  it  in  a  specially  de- 
signed pug  mill  similar  to  the  pattern  commonly  used  in  grinding 
clay  for  brick  making.  The  peat  is  ground  wet  as  it  comes  from  the 
bog,  and  is  delivered  from  the  mill  in  the  form  of  wet  bricks,  which 
on  exposure  to  the  air  and  the  heat  of  the  sun  for  a  comparatively 
short  time  become  dry,  firm,  tough,  and,  compared  with  untreated 
peat,  non-absorbent.  This  is  "machine"  peat  of  the  European  mar- 
kets, and  it  seems  to  be  the  most  generally  successful  and  commer- 
cially important  form  of  peat  fuel  for  domestic  and  boiler  use  to  be 
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found  in  them.  It  is  also  the  type  now  used  in  the  gas-producer 
plants.  This  product  has  from  20  to  25  per  cent  of  moisture  as  it  is 
sold,  with  a  theoretical  value  of  about  65  per  cent  of  the  same  weight 
of  good  bituminous  coal,  if  used  as  domestic  fuel  or  for  steam  pro- 
duction. It  is  probable,  however,  that  its  practical  efficiency  is  some- 
what greater  than  indicated  by  com.parison  of  heat  units  per  pound, 
if  burned  in  properly  designed  and  regulated  fireboxes,  with  the  right 
sort  of  grates,  because  there  is  practically  no  waste  from  peat  in  the 
form  of  volatile  carbon,  clinkers,  and  cinders,  and  no  corrosion  from 
sulphur,  while  the  ash,  though  bulky,  is  generally  light  and  powdery. 

The  material  when  pressed  into  briquettes  is  more  compact,  and 
thus  more  transportable,  burns  more  slowly  and  persistently,  and 
stands  transportation  and  handling  well.  Its  fuel  value  per  pound  is 
not  much  increased  by  briquetting,  unless  it  is  heated  sufficiently  to 
drive  off  some  of  the  more  volatile  matters  and  thus  increase  the  pro- 
portion of  carbon.  Peat  to  be  briquetted  properly  must  be  dried 
carefully,  pulverized,  and  pressed  in  an  efficient  and  rapid  briquetting 
press.  A  binder  may  be  used,  and  in  Europe  coal  and  lignite  dust 
have  been  mixed  with  the  peat  before  briquetting. 

Peat  charcoal  and  peat  coke  are  being  manufactured  in  consider- 
able and  apparently  increasing  quantities  in  Germany  and  Russia, 
where  these  products  are  used  as  substitutes  for  wood  charcoal  in  iron 
manufacture  and  in  other  metallurgical  processes,  including  copper 
refining  and  steel  making,  for  which  its  freedom  from  sulphur  and 
phosphorus  renders  it  valuable. 

No  process  of  peat-coke  production  has  so  far  proved  profitable, 
when  undertaken  in  commercial  plants,  except  such  as  recover  a  series 
of  by-products  by  condensing  the  gaseous  products  of  the  destructive 
distillation  of  the  peat.  These  by-products  are  practically  identical 
with  those  obtained  by  the  destructive  distillation  of  wood,  where 
charcoal  is  made  in  retorts  or  in  properly  constructed  kilns — namely, 
fuel  gases,  methyl  alcohol,  acetic  acid  and  acetates,  ammonium  salts, 
tar,  and  its  derivatives.  This  sort  of  by-product  recovery,  however, 
requires  large  preliminary  investment  for  equipment  and  the  keeping 
up  of  an  expensive  and  short-lived  plant ;  but  if  a  good  market  exists 
for  the  output,  experience  seems  to  show  that  the  outlay  is  profitable 
m  the  United  States  in  the  case  of  charcoal  production  from  wood. 
Trustworthy  and  unbiased  reports  from  Europe  indicate  that  this  type 
of  utilization  of  peat  is  on  a  satisfactory  basis,  where  it  has  been  tried. 
The  preparation  of  peat  for  coking  is  identical  with  that  where  it  is 
to  be  sold  as  machine  pressed  peat  for  fuel,  and  after  drying,  it  is 
stored  in  open  sheds  until  needed  for  the  coking  retorts. 
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Peat  powder  is  being  used  in  increasing  quantities  in  blast  burners 
for  firing  under  boilers,  and  in  brick,  glass,  and  cement  production. 
When  the  powder  is  properly  prepared  and  the  firing  is  rightly  con- 
trolled, the  peat  becomes  nearly  as  efficient  as  gas  when  burned  in 
this  way. 

Gas  production  from  peat  has  passed  beyond  the  experimental 
stages  in  several  European  countries,  as  has  been  noted  above.  Peat 
gas  is  said  to  be  used  for  illuminating  purposes  in  a  few  localities, 
but  it  is  as  producer  gas  that  it  reaches  its  most  important  develop- 
ment. Among  its  applications  are  boiler  firing,  metallurgical  opera- 
tions, burning  lime  and  brick,  and  in  glass  making,  but  its  most  notice- 
able and  rapidly  increasing  use  is  in  internal-combustion  engines  in- 
stalled in  connection  with  producers  located  at  bogs  for  generating 
electric  power  for  transmission  to  cities.  It  may  be  of  interest  to  note 
that  one  plant  of  the  sort  just  mentioned,  of  about  300  horse  power, 
is  located  on  a  bog  of  some  35  acres  superficial  area,  and  an  average 
depth  of  5  feet.  The  life  of  this  plant  is  estimated  at  30  years,  and 
the  quantity  of  fuel  available  at  44,500  tons.  In  the  northern  United 
States  there  are  hundreds  of  such  bogs  now  lying  v/aste,  while  fuel  is 
being  drawn  from  far  distant  coal  mines  to  supply  them  with  light, 
heat,  and  power. 

In  view  of  all  of  these  facts,  the  following  estimates  of  the  peat 
resources  of  the  United  States  have  been  prepared  with  a  view  of  at 
least  calling  attention  to  the  very  considerable  source  of  wealth  to  the 
nation  which  is  now  lying  entirely  undeveloped  in  the  swamps  and 
bogs  of  the  country. 

In  taking  account  of  the  possibilities  of  the  peat  beds,  it  will  be 
noted  that  they  furnish  potential  substitutes  for  wood  in  various  de- 
partments of  industry,  and  in  these  ways  may  relieve  in  some  consid- 
erable degree  the  drain  upon  our  vanishing  forests.  The  estimates 
given  I  believe  to  be  conservative  in  every  respect,  and  in  no  case  has 
optimism  been  consciously  allowed  to  tinge  the  possibilities  with  too 
rosy  a  color. 

The  following  sources  of  information  have  been  used  in  the  pre- 
paration of  the  estimates :  Publications,  and  topographic  and  other 
maps,  of  the  United  States  Geological  Survey,  reports  of  the  State 
Geological  Surveys  of  New  York,  Michigan,  Iowa,  Indiana,  New 
Jersey  and  Massachusetts ;  co-operative  reconnaissance  peat  surveys 
undertaken  jointly  by  the  United  States  Geological  Survey  and  the 
State  Surveys  of  Connecticut,  Maine,  and  Wisconsin ;  unpublished 
data  collected  by  the  United  States  Geological  Survey,  and  personal 
observations  collected  in  various  parts  of  the  country  by  the  writer. 
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The  total  swamp  area  of  the  United   States,   exclusive  of 

Alaska,  is  estimated  *  to  be 139,855  square  miles 

Of  this,  8  per  cent  is  assumed  to  have  peat  beds  of  good 

quality,  or 1 1,188  square  miles 

The  depth  of  peat  over  this  area  is  assumed  to  average  at 
least  9  feet,  giving  200  tons  of  dry  fuel  per  acre  for 
each  foot  in  depth,  or  a  total  of 12,888,500,000  tons 

Value  if  converted  into  machine  peat  bricks  at  $3  per  ton.  $38,665,700,000 

Value  if  Coked  and  the  By-Products  of  Distillation   Saved. 

Product  in  tons.  Value. 

Peat  coke   3,608,800,000  \  ^Charcoal  price)  $26,005,300,000 

"^        '       '        (  (Coke  prices)            9,743,700,000 

Illuminating  oils   : . .  257,800,000  )  4,474.200,000 

Lubricatmg  oils   90,200,000  j  t,t/t.       . 

Paraffin  wax   38,700,000  3,479,900,000 

Phenol    167,500,000  66,345,100,000 

Asphalt   25,800,000  824,900,000 

Wood  alcohol   43,800,000  7,844,000,000 

Acetic  acid  56,700,000                                       

Ammonium  sulphate   39,900,000  2,777,400,000 

Combustible  gases    •.  738,400,000  6,501,300,000 

Peat  coke,  in  the  better  grades,  has  a  very  low  sulphur  and  phos- 
phorus content  and  may  be  substituted  in  any  use  whatever  for  hard- 
wood charcoal.  The  amount  of  wood  which  would  have  to  be  used  to 
make  charcoal  equal  in  amount  to  the  quantity  of  peat  coke  given  in 
the  estimate  would  be  approximately  8,019,800,000  cords.  While  this 
material  was  being  coked,  there  would  be  given  off  from  the  retorts 
an  indeterminate  quantity  of  uncondensable  gases,  which  have  good 
fuel  value,  the  maximum  being  about  300  B.t.u.  per  cubic  foot ;  these 
can  be  used  successfully  for  heating  the  retorts,  drying,  and  for  power, 
so  that  the  process  of  coking  would  be  practically  self-sustaining. 

If  converted  into  producer  gas  by  the  most  recent  methods,  with 
the  recovery  of  ammonium  sulphate,  there  would  be  possibly  available 
619,257,511,000,000  cubic  feet  of  producer  gas,  having  a  calorific  value 
of  145  B.t.u.  per  cubic  foot. 

Assuming  1.5  per  cent  of  nitrogen  as  an  average  amount  in  Amer- 
ican peat  (which  is  low,  since  numbers  of  analyses  show  more  than 
3  per  cent)  each  ton  of  dry  peat  run  through  the  gas  producer  would 
yield  100  pounds  of  ammonium  sulphate.  On  this  basis,  there  is 
enough  stored  up  nitrogen  in  the  estimated  quantity  of  peat  to  give 
at  least  644,400,000  tons  of  ammonium  sulphate,  which  may  be  valued 
at  $36,732,400,000,  in  addition  to  the  value  of  the  gas  obtainable. 

The  European  tests  which  have  been  made  under  rigid  test  con- 
ditions show  that  from  2  to  2.5  pounds  of  peat  will  develop  an  effect- 
ive horse  power  per  hour  if  gasified  in  a  properly  designed  gas  pro- 
ducer and  used  in  an  efficient  gas  engine.  If  the  larger  amount  is 
taken  for  the  sake  of  conservatism,  it  is  apparent  that  there  is  stored 

*  60th  Cong.  1st  Sess.,  Sen.  Doc.  151. 
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up  in  the  estimated  peat  deposits  of  the  United  States  energy  enough 
to  develop  some  10,310,860,800,000  effective  horse-power  hours. 

Great  quantities  of  the  more  fibrous  kinds  of  peat  are  made  into 
litter  for  bedding  live  stock,  in  Europe,  and  into  peat  mull,  or  powder, 
for  absorbent  and  sanitary  uses.  It  is  estimated  that  at  least  2,578,- 
000,000  tons  of  this  kind  of  peat  is  available,  and  as  it  is  superior  to 
straw  and  other  substances  now  commonly  used  for  the  purpose,  and 
would  readily  bring  a  higher  price,  it  is  here  valued  at  $10  per  ton. 
or  the  whole  amount  has  a  prospective  valu^  of  $25,780,000,000. 
Some  thousands  of  tons  of  this  material  are  annually  imported  from 
Europe  to  the  coast  cities  of  the  United  States,  and  there  is  a  single 
factory  located  in  Indiana  now  putting  it  upon  the  market,  which 
sells  its  entire  output  of  several  hundred  tons  at  about  $12  per  ton. 

A  single  plant  for  paper-making,  using  peat  fibre,  has  been  in 
operation  in  Michigan.  Possibly  5  per  cent  of  the  total  amount  of 
the  peat  of  the  country  is  suitable  for  paper  stock,  or  644.400.000 
tons.  The  use  of  this  material  would  decrease  proportionately  the 
consumption  of  wood  and  straw  for  the  manufacture  of  wrapping  and 
other  coarse  papers  and  pasteboard.  In  most  of  the  present  processes 
for  making  paper  from  peat  fibre,  a  certain  percentage  of  wood  pulp 
or  rags  is  introduced  to  strengthen  the  product. 

Peat  is  being  quite  extensively  used  in  the  United  States  for  fer- 
tilizer filler.  It  is  especially  used  in  making  various  grades  of  artifi- 
cial fertilizers  in  which  slaughter-house  and  other  refuse  animal  mat- 
ters with  a  considerable  amount  of  available  combined  nitrogen  are 
ingredients,  or  in  which  hygroscopic  inorganic  compounds  are  used. 
The  peat  is  dried  and  pulverized  and  in  this  form  is  especially  adapted 
to  the  purpose,  since  it  absorbs  water  and  ammonia  greedily,  is  anti- 
septic and  an  effective  deodorizer,  and  prevents  fermentation  and 
chemical  decomposition  better  than  any  other  substance  ever  used  in  a 
similar  way.  At  the  prices  now  paid  in  the  open  market  for  peat  pre- 
pared for  fertilizer  filler,  and  assuming  that  one-half  of  the  entire  esti- 
mated amount  of  peat  is  suitable  for  the  product,  its  value  is  esti- 
mated to  be  at  least  $38,666,000,000.  or  about  the  same  as  that  of  the 
entire  quantity  for  common  fuel  purposes. 

Ethyl  or  grain  alcohol  has  been  made  from  certain  moss  and  other 
poorly  decomposed  types  of  peat  in  Denmark  and  Sweden,  at  a  cost 
estimated  at  about  47  cents  per  gallon.  At  this  price  it  would  hardly 
be  available  for  power  production  in  gas  engines  of  the  explosive 
type,  since,  for  this  purpose  denatured  alcohol  has  about  the  same 
value  as  gasolene  in  energy  developed,  per  unit  of  volume,  as  shown 
by  the  tests  made  at  the  fuel-testing  plant  of  the  United  States  Geo- 
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logical  Survey  at  the  Jamestown  Exposition.  If,  however,  10  per 
cent  of  the  entire  body  of  peat  of  the  country  could  be  used  to  manu- 
facture ethyl  alcohol,  about  70,900,000  tons  of  the  product  couid  be 
made.  It  should  be  noted  that  the  processes  mentioned  do  not  yet 
seem  to  have  reached  a  commercial  stage  of  development. 

A  slow-burning,  or  nearly  fire-proof,  mixture  of  peat  and  mineral 
cements  has  been  made  in  a  small  way  under  the  name  of  artificial 
wood.  It  has  been  formed  into  paving  bricks,  boards,  and  various 
units  for  structural  purposes,  as  a  substitute  for  wood  and  other 
material  in  buildings.  About  10  per  cent  of  the  peat  resources  esti- 
mated aoove  may  be  adapted  for  making  this  or  similar  compounds, 
or  1,288,800,000  tons,  the  use  of  which  would  make  available  an 
equivalent  amount  of  sawed  lumber  or  permit  it  to  be  held  in  reserve. 

Thoroughly  cleansed  fibrous  peat  is  reported  to  be  finding  a 
steadily  increasing  use  in  Europe  as  packing  material  for  breakable 
or  perishable  articles,  and  for  protecting  and  insulating  water  and 
other  pipes  which  are  likely  to  be  frozen  up  in  winter.  The  peat  best 
adapted  to  such  use  is  too  light  in  weight  and  too  loose  in  texture  to 
be  made  into  fuel,  and  probably  occurs  in  the  bogs  of  the  country  to 
the  amount  of  500,000,000  tons,  which  should  have  a  market  value  of 
at  least  $3,000,000,000 — displacing  excelsior,  hay,  straw,  paper,  saw- 
dust, and  other  similar  materials  now  in  use. 

Fabrics  of  considerable  variety,  mattresses  for  hospitals,  fiber  for 
surgical,  absorbent,  and  other  aseptic  and  antiseptic  dressings,  and 
substitutes  for,  or  adulterants  of,  other  fine  fibers  for  use  in  making 
cloth,  have  been  made  from  certain  grades  of  peat ;  but  the  market 
is  so  well  supplied  with  other  materials  for  the  same  purpose,  which 
are  as  good  or  better,  that  the  use  of  the  peat  products  has  never 
reached  any  extensive  commercial  scale. 

It  seems  clearly  apparent  from  the  foregoing  discussion  that  in 
the  peat  beds  of  the  United  States,  there  is  now  l}'ing  practically  un- 
touched a  vast  quantity  of  carbonaceous  matter  from  which  there  may 
be  obtained  by  intelligent,  properly  considered,  and  conservative  ex- 
ploitation, fuel,  powder,  fertilizing  substances  of  the  highest  value, 
and  raw  material  from  which  may  be  manufactured  a  considerable 
number  of  salable  products — all  of  which  will  serve  to  supplement  and 
therefore  extend  the  life  of  the  other  resources  which  are  now 
clearly  shown  to  be  limited  in  quantity.  The  wealth  of  the  Nation  will 
also  be  possibly  increased  by  the  large  sum.s  which  represent  the  po- 
tential cash  value  of  the  peat  beds,  if  these  resources  are  properly 
utilized,  while  at  the  same  time  an  equivalent  amount  of  other  useful 
and  valuable  material  will  be  set  free  to  be  used  for  other  purposes. 


THE  GAS  POWER  PLANT  AS  A  MEANS  OF 
'  FUEL  CONSERVATION. 

By  Dr.  Charles  E.  Lucke. 

The  following  discussion  was  prepared  and  delivered  as  introductory  to  a  lecture  by  Dr. 
Lucke  before  the  Society  of  Arts,  at  the  Massachusetts  Institute  of  Technology.  The  rest 
of  the  lecture  was  concerned  with  a  simplified  explanation  of  the  operation  of  the  gas  power 
I-Iant  and  the  principles  underlying  its  high  economy.  This  preface  affords  so  admiraole  a 
review  of  the  fundamental  physical  process  by  means  of  which  power  is  generated  in 
internal-combustion  engines,  and  so  sound  an  estimate  of  the  possibilities  and  limits  of  the 
gas  engine  as  a  conserver  of  fuel  supply,  that  we  have  sought  and  obtained  the  opportunity 
to  give  it  here  a  wider  circulation  and  the  opportunity  of  a  larger  influence. — ^The  Editors. 

AT  no  time  in  the  history  of  the  country  has  there  been  so  keen 
and  so  general  an  appreciation  of  the  importance  of  con- 
serving natural  resources,  among  the  greatest  of  which,  in 
point  of  value  and  universal  use,  is  the  fuel  supply.  Any  movement 
that  has  for  its  object  the  saving  of  fuel  without  loss  of  useful  effect 
should  receive  the  support  of  every  good  citizen.  One  of  the  greatest 
drafts  on  our  coal  beds  is  made  for  power  service,  so  that  any  effort 
toward  better  fuel  economy  in  power  generation  will  result  in  a  very 
material  extension  of  the  time  the  available  supply  may  be  expected 
to  last.  It  is  because  the  gas  power  plant  has  demonstrated  beyond 
question  its  inherent  ability  to  do  the  same  work  with  less  fuel  than 
is  possible  with  steam  plants,  that  it  must  be  placed  among  the  benefi- 
cent inventions.  By  this  system  of  power  generation  not  only  can 
the  power  fuel  supply  of  the  country  be  made  to  go  from  one  and 
one-half  to  six  times  as  far  as  it  would  with  continuance  of  our 
present  methods,  but  poor  qualities  of  lignites  and  peat,  now  practi- 
cally useless,  will  be  made  available  for  power  purposes.  The  appar- 
atus by  means  of  which  such  enormously  important  results  are  being 
worked  operates  on  principles  not  at  all  complicated  in  themselves, 
but  often  so  intermingled  as  to  be  difficult  of  recognition.  My  belief 
that  some  knowledge  of  the  simpler  and  more  basic  of  these  princi- 
ples would  be  of  interest  to  every  educated  person  has  led  me  to 
attempt  this  discussion. 

In  the  operation  of  the  factories  of  the  United  States  at  the  time 
of  the  last  census,  1900,  there  was  required  about  eleven  and  one- 
third  million  horse  power,  of  which,  roughly,  yy  per  cent  was  steam. 

90 


CAS    POWER    AND    FUEL    CONSERVATION.  91 

15  per  cent  water  power,  and  less  than  2  per  cent  gas  power.     The 
average  size  of  each  engine  was  only  about  67  horse  power.    Taking 
into  account   (in  addition  to  factories)   the  power  plants  of  sticet 
railways  and  public-service  central  stations,  as  well  as  all  power  used 
in  mining  and  quarrying  industries,  there  was  reported  about  seven- 
teen million   (17,000,000),  horse  power,  of  which   fourteen  million 
(14,000,000)   was  steam,  the  average  size  of  each  unit  being  quite 
small  in  comparison  with  the  maximum.     If  the  average  coal  con- 
sumption per  hour  per  horse  power  for  the  steam  plants  were  placed 
at  the  small  figure  of  3  pounds,  the  best  being  ij4  pounds  and  a  com- 
mon high  value  5  pounds,  then  the  coal  consumption  per  hour  for  the 
14,000,000  steam  horse  power  of  the  above  industries  would  involve 
the  consumption  of  42,000,000  pounds,  or  2,100  tons  of  coal  per  hour. 
The  actual  hourly  consumption  of  coal   for  these  engines  is  con- 
siderably less  than  this,  because  all  these  units  will  not  be  at  work 
all  the  time,  nor  will  they  operate  at  maximum  power  even  when  in 
operation ;  and  the  uncertainty  of  these  factors  makes  it  quite  difficult 
to  arrive  at  a  figure  of  the  actual  rate  of  consumption  of  power  coal. 
Of  the  amount  burned  for  the  steam  power,  however,  the  gas  power 
plant  can  save  a  very  considerable  part,  the  saving  depending  on  the 
size  of  units,  the  nature  of  the  work  they  are  doing,  the  kind  of  coal 
they  are  burning,  and  a  variety  of  other  things.     There  is  often 
heard  the  claim  that  the  substitution  of  gas  power  for  steam  should 
be  made  at  once  because  it  would  result  in  the  doing  of  two  and  one- 
half  times  as  much  work,  or  that  at  the  present  rate  of  consumption 
gas  power  plants  could  make  our  power-coal  supply  last  two  and  one- 
half  times  as  long.     Such  sweeping  statements  are  based  on  incom- 
plete comprehension  of  the  conditions  and  facts  and  could  be  made 
only  by  thoughtless  enthusiasts.     While  the  steam-plant  coal  con- 
sumption per  hour  per  horse  power  ranges  from  i^  pounds  in  large, 
highly  refined  steam  plants  to  perhaps  5  pounds  in  smaller  and  sim- 
pler ones,  the  corresponding  values  for  gas  plants  will  range  from  a 
little  over  i  to  a  little  over  2  pounds,  so  that  the  saving  of  the  gas 
plant  over  coal  would  depend  on  the  size  and  types  of  each  used  in 
the  comparison.    The  average  size  of  plant  in  the  above  named  indus- 
tries is  small  enough,  being  between  100  horse  power  and  200  horse 
power,  and  of  such  type  as  to  warrant  an  estimate  of  a  two-fold  coal 
saving  provided  substitution  could  be  made.    This  cannot  be  done  is 
yet,  because  in  the  first  place  the  bulk  of  the  coal  used  is  of  such 
kind  as  the  gas  power  plant  has  not  yet  been  adapted  to  use.  and  be- 
cause in  the  second  place  the  gas  plant  has  not  yet  been  adapted  to 
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the  service  in  all  cases,  and  because  thirdly  there  are  certain  financial 
reasons  why  the  substitution  is  not  warranted. 

Although  it  is  true  that  the  gas  power  plant  has  not  yet  developed 
far  enough  to  invade  all  the  field  occupied  by  these  steam  plants,  yet 
it  is  sufficiently  perfected  and  adapted  to  some  of  them  and  the  avail- 
able fuels  in  the  particular  locality  to  warrant  immediate  substitu- 
tion; and  in  proportion  as  it  is  substituted,  and  in  proportion,  at  the 
same  time,  as  it  becomes  adapted  to  more  and  more  different  varieties 
of  fuel,  so  will  it  be  capable  of  saving  more  and  more  of  our  enor- 
mous coal  consumption  for  power  purposes.  There  is  no  doubt, 
therefore,  that  it  is  at  present  a  great  factor  in  coal  conservation  and 
will  become  more  and  more  potent  as  necessity  for  conservation  be- 
comes more  acute. 

The  substitution  of  gas  power  for  steam  power,  no  matter  what 
the  fuel  may  be,  is  not  going  to  be  brought  about  by  any  principles 
of  philanthropy.  It  would  be  folly  to  suppose  that  any  factory  man- 
ager would  change  his  steam  plant  into  a  gas  power  plant  just  be- 
cause he  was  anxious  to  save  the  national  coal  supply ;  nor  is  it  likely 
the  coal  companies,  who  earn  in  proportion  to  sales,  can  be  expected 
to  help  much.  Any  manager  who  made  such  a  change  for  such  a  rea- 
son would  be  unfit  for  his  position,  unless  as  a  consequence  of  that 
change  he  could  show  an  improvement  in  his  expense  account  or  an 
increased  profit  to  his  particular  employer.  It  is  mainly,  therefore, 
on  the  cost  basis  that  the  motive  for  the  saving  of  our  great  fuel 
supply  by  such  means  as  the  gas  power  plant  offers,  must  be  founded. 
That  a  saving  in  coal  does  not  necessarily  involve  a  reduction  of  the 
cost  of  power  is  a  well-known  proposition  to  power  engineers,  but  it 
does  seem  to  be  new  to  some  conservation  enthusiasts.  Whenever  a 
saving  of  coal  consumption  involves  a  change  from  cheap  to  a  more 
expensive  coal,  there  might  easily  be  a  financial  loss ;  or  when  the 
change  involves  the  abandonment  of  a  cheap  coal  for  an  expensive 
gas  or  oil,  there  might  reasonably  be  expected  a  loss.  When  the 
change  involves  the  adoption  of  an  engine  that  cannot  be  relied  upon 
there  will  certainly  be  a  loss  due  to  interruption  of  the  service ;  when 
the  new  engine  costs  more  to  maintain  than  the  old,  a  saving  in  coal 
may  not  be  sufficient  to  offset  the  difference  in  repairs ;  when  the  gas 
power  plant  costs  very  much  more  than  the  steam  power  plant  to  buy, 
the  interest  on  the  difference  between  the  investments  may  more  than 
offset  a  saving  in  coal.  In  many  ways,  then,  it  may  be  true  that  u 
saving  in  coal  does  not  mean  a  reduction  of  cost  of  power,  and  there- 
fore does  not  appeal  to  the  purpose  of  the  purchaser  of  coal  for 
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power.  Not  until  the  purchaser  of  coal  for  power  purposes  can  be 
made  to  see  that  the  use  of  a  gas  power  plant,  with  its  lower  fuel 
consumption  than  the  steam  plant,  will  also  involve  a  net  gain  in  the 
cost  of  generating  power — not  until  then,  can  the  power  user  be  ex- 
pected to  contribute  and  use  this  means  of  conserving  our  national 
fuel  supply. 

It  is  a  fact  that  while  in  all  cases  gas  power  plants  can  be  made 
to  generate  power  for  less  fuel  than  steam  plants  of  the  same  size, 
this  saving  in  fuel  is  in  some  cases  accompanied  by  a  saving  in  power 
cost  and  is,  therefore,  a  profitable  thing  to  do,  while  in  other  cases 
it  is  not.  The  differences  of  conditions  that  produce  the  different 
results  are  chiefly  those  of  size  of  plant  and  kind  of  fuel  supply.  The 
gas  power  plant  is  not  yet  completely  adapted,  although  rapidly  be- 
coming so,  to  all  kinds  of  fuel,  and  many  of  the  most  popular  kinds 
of  coal,  notably  of  the  bituminous  sort,  are  still  giving  the  producer 
trouble ;  so  that  it  frequently  happens  that  substitution  of  gas  power 
for  steam  power  would  involve  a  change  from  bituminous  to  anthra- 
cite coal  or  coke,  both  of  which  are  well  adapted  to  the  older  form  of 
producer;  the  time  is  not  far  distant,  however,  when  this  will  not  be 
the  case  and  producers  will  be  available  for  every  fuel.  Perhaps  the 
more  potent  factor  is  size.  The  steam  power  plant  is  so  much  more 
economical  of  fuel  in  large  sizes  than  in  small,  and  the  gas  power 
plant  so  constantly  economical  in  all  sizes,  that  the  difference  be- 
tween them  is  small  in  large  plants  and  large  in  small  plants.  T<- 
would  appear  on  analysis  that  by  reason  of  certain  other  conditions, 
previously  mentioned,  in  large  power  plants  at  the  present  time  burn- 
ing coal  fuel,  steam  is  still  cheaper  than  the  gas  system,  although 
more  wasteful  of  coal.  On  the  contrary,  in  small  power  plants  of 
the  size  representing  the  average  in  use  in  factories,  for  example 
(which  is  67  horse  power  as  reported  by  the  census)  the  gas  power 
plant  is  able  to  save  so  much  coal  that  it  can  produce  power  at  very 
much  less  total  cost  than  the  steam  power  plant,  and  can  give  quite 
as  satisfactory  service  if  the  proper  fuel  is  available.  The  cost  of 
producing  power  in  these  small  gas  power  plants  in  the  neighborhood 
of  100  horse  power,  provided  they  use  the  same  fuel,  will  be  just 
about  the  same,  and  as  low  as  can  be  secured  in  our  largest  and  best 
steam  central  stations  that  have  taken  a  great  many  years  to  develop. 
In  order  that  this  statement  may  be  more  definite  I  will  offer  the 
following  figures,  recently  computed  by  me  for  a  75  horse-power 
gas  producer  and  engine  plant  burning  small  anthracite  coal  at  $4.00 
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per  ton  of  2,000  pounds — a  high  price — and  operating  at  full  load 
half  the  time. 

75  Horse  Power  Plant,     Division  of  Power  Costs. 


Fixed  charges  on  investment  of  engine,  producer, 
electrical  generator,  switchboard,  foundations, 
building,  piping,  etc 

Repairs  and  Maintenance 

Labor   

Miscellaneous   

Coal  

Lubricants   


Cost  per  horse- 

Per cent 

power  hour, 

of 

in  cents. 

total. 

0.364 

28.1 

0.046 

3.6 

0.474 

36.7 

0.046 

3.6 

0.253 

20.0 

0.106 

8.0 

1.289  loo.o 


These  figures  are  based  on  one  of  the  most  expensive  types  of 
plants  with  very  liberal  labor  allowance,  so  that  with  less  attendance 
and  cheaper  machines  the  total  cost  would  come  under  one  cent  for 
the  life  of  the  plant  which,  of  course,  would  be  less  than  for  the 
better  built  machines.  While  it  is  true  that  these  costs  will  be  af- 
fected by  changes  in  any  one  of  a  score  of  items,  it  is  quite  certain  that 
in  small  sizes  the  gas  power  plant  can  be  shown  to  be  a  paying  propo- 
sition over  steam,  except  where  it  is  to  stand  idle  for  much  of  the 
time,  and  where  coal  is  very  cheap,  as  at  the  mines ;  and  it  is  by  study 
of  such  figures  that  the  substitution  of  steam  can  be  brought  about 
with  consequent  fuel  conservation. 

A  comprehensive  study  of  every  phase  of  the  problem,  engineer- 
ing and  economic,  scientific  and  commercial,  will  lead  to  the  conclu- 
sion that  as  the  gas  power  plant  becomes  more  and  more  adapted  to 
the  various  fuels  and  to  the  various  kinds  of  service  to  which  engines 
are  put,  it  will  be  more  than  anything  else  the  great  fuel-supply  con- 
servation means,  and  therefore,  entitled  to  consideration,  respect,  and 
encouragement  by  the  public  in  general.  On  such  grounds  everybody 
may  properly  be  expected  to  understand  to  at  least  some  degree  the 
principles  of  operation,  the  application  of  which  is  to  bring  about 
this  nationally  important  economic  result. 


Editorial   Comment 


Practical  Conservation  Doctrine. 

CONSERVATION,  whether  of  mate- 
rials, of  energy,  or  of  human 
effort,  is  rapidly  becoming  more  signifi- 
cant as  an  economic  issue  and  is  receiv- 
ing more  and  more  attention  in  public 
discussions  and  legislative  acts.  Especi- 
ally is  this  the  case  in  the  United  States. 
The  wastefulness  provoked  by  the  im- 
patience of  a  new  civilization  and  the 
overabundance  of  natural  wealth,  begins 
to  give  place  to  something  of  the  same 
wisdom  of  thrift  that  has  long  character- 
ized the  older  and  poorer  countries  of 
the  Continent,  But  conservation  meas- 
ures are  effective  only  when  they  can  be 
made  to  appear  advantageous  financially 
to  existing  interests,  or  when  new  propo- 
sitions can  be  advanced  that  offer  larger 
possibilities  of  profit  than  the  old  order. 
For  example,  the  wood-alcohol  industry 
was  never  disturbed  by  representations 
of  its  destructiveness,  its  ruinous  effect 
on  present  and  future  values  of  wood- 
lands, and  its  menace  to  water  powers. 
The  manufacturers  were  affected  in  no 
way  that  they  could  see  by  these  things; 
the  profits  came  onto  their  books,  and 
the  losses  fell  elsewhere.  Only  the  in- 
troduction of  denatured  alcohol  operated 
to  save  the  dwindling  forests  from  the 
further  ravages  of  the  acid  factory. 

Practical  conservation,  then,  is  that 
which  not  merely  denounces  the  waste, 
but  persuades  to  the  saving.  When  this 
is  accomplished,  reform  becomes  auto- 
matic. It  is  hard  to  induce  people  at 
large  to  deny  themselves  for  the  sake  of 
future  centuries,  or  even  generations ; 
but  no  one  has  to  argue  long  with  us  to 
make  us  seize  an  evident,  present,  and 
large  advantage  to  ourselves. 

For  promotion  of  this  practical  con- 
servation, our  current  issue  is  interest- 


ingly rich  in  suggestions.  Dr.  Lucke,  Dr. 
Davis,  and  Prof.  Hollis,  on  different 
planes  and  by  different  avenues,  advance 
toward  practical  results  in  one  of  the 
most  important  problems  of  conservation 
— the  conservation  of  fuel ;  most  impor- 
tant, because  it  lies  at  the  foundation  of 
our  material  civilization,  which  is  essen- 
tially a  civilization  dependent  on  the  use 
of  power,  and  fuel  is  still  our  great 
power  source.  The  low-pressure  turbine 
and  the  gas  engine  represent  agencies 
that  are  immediately  available ;  peat  util- 
ization is  a  long  step  beyond,  but  the 
step  holds  much  of  interest,  and  when  it 
is  made  on  a  path  joining  that  of  prog- 
ress with  the  gas  engine  and  the  gas  pro- 
ducer, it  may  lead  us  in  a  doubly  rapid 
advance  toward  better  economy  in  the 
employment  of  our  resources. 


Idleness  and  Inefficiency. 

THE  introduction  of  the  tariff  bill  into 
Congress,  and  the  strong  urgency 
for  its  early  passage,  hold  out  hope  that 
the  United  States  may  soon  rise  from  the 
relapse  into  industrial  inefficiency  which 
has  now  continued  for  eighteen  months. 
Inactivity,  such  as  now  exists,  is  none 
the  less  inefficient  because  it  is  enforced 
and  inevitable.  The  inefficiency  is  that 
due  to  fractional  load  and  undiminished 
(or  little  diminished)  "stand-by  losses." 
Expenses  necessarily  run  on  while  profits 
are  cut  off.  The  deplorable  thing  is  that 
in  a  very  little  while  the  now  unused, 
and  hence  forever  lost,  capacity  of  the 
idle  plants  will  be  sadly  regretted  and 
hopelessly  longed  for  in  a  period  of  over- 
load. It  is  a  pity,  indeed,  that  we  can 
not  yet  realize  Mr.  Emerson's  ideal  state 
of  national  efficiency,  outlined  in  our 
March  issue,  in  which  some  department 
of  the   social   organization    (be  it  Gov- 
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ernment,  or  an  organization  outside  of 
Government)  will  furnish  a  flywheel — a 
regulator  —  a  storage  —  by  which  the 
overproduction  possible  in  periods  like 
the  present  can  be  safely  taken  up  and 
strongly  held,  to  be  released  again  when 
the  peak  of  the  demand  rises.  Then  the 
curve  of  our  activities  will  show  nearly 
a  smooth  line  instead  of  its  present  alter- 
nating dizzy  heights  and  sickening  de- 
pressions. 


The  Inefficiency  of  Dishonesty. 

THE  ideal  of  organized  National  effi- 
ciency may  be  far  off.  Any  one 
who  reads  the  history  of  the  world  and 
measures  progress  carefully,  must  hold 
with  large  reservation  any  hope  that  the 
people  will  soon  be  all  very  wise  or  all 
highly  honest.  But  only  a  pessimist 
could  deny  that  we  are  making  progress 
away  from  the  inefficiencies  of  dishon- 
esty. We  may  not  expect  that  the 
Hughes  Commission  will  make  Wall 
Street  altogether  the  abode  of  sweetness 
and  light,  but  yet  we  must  admit  that  a 
rapid  and  considerable  change  is  taking 
place  in  American  canons  of  business 
morality.  There  are  reactions  and  re- 
versions to  the  slime  of  the  earlier 
period,  still,  but  they  are  fewer  and 
farther  between.  Such  a  project,  for 
instance,  as  the  Dominion  Copper  "re- 
organization" which  by  its  plausible  aus- 
pices would  sometime  ago  have  passed 
unchallenged,  now  arrests  indignant  at- 
tention and  protest.  Even  an  inchoate 
and  despised  minority  takes  heart  from 
the  spirit  of  awakened  business  morality 
and  asserts  its  claim  to  honest  treatment. 
And  their  movement  is  recognized  as 
both  a  civic  service  and  a  utilitarian  one 
— the  promise  of  rescue  of  a  valuable 
property,  so  that  it  may  serve  the  pur- 


pose of  supplying  the  world  with  its 
hitherto  undeveloped  resources  instead 
of  being  merely  an  excuse  for  the  manip- 
ulations of  a  coterie  of  "high  financiers." 
The  gospel  of  efficiency,  like  every 
other  gospel  that  has  ever  been  preached, 
condemns  dishonesty;  but  it  goes  further 
than  preaching,  and  shows  that  the  pen- 
alty for  the  sin  of  inefficiency  does  not 
depend  on  any  outer  judgment  that  may 
be  evaded,  but  follows  as  inevitably  as 
burning  follows  the  handling  of  fire. 


Eetiirning  to  Normal. 

THE  new  Administration  has  already 
spread  a  feeling  of  stability  and 
confidence  rather  remarkably  definite  in 
view  of  the  short  time  and  limited 
opportunity  offered ;  and  with  the  intro- 
duction of  the  new  tariff  measure,  the 
greatest  uncertainty  heretofore  discour- 
aging business  revival  is  brought  to  the 
edge  of  removal.  It  is  true  that  weeks 
or  months  may  elapse  before  the  bill  is 
passed,  and  that  the  final  schedules  may 
be  very  different  from  those  brought  in 
by  the  Ways  and  Means  Committee.  But 
it  is  at  least  certain  that  on  all  great 
items  influencing  construction  or  manu- 
facture to  any  important  extent,  the 
Payne  bill  suggests  the  maximum  of 
change  to  which  future  undertakings 
must  be  adapted.  Any  modifications 
will  be  toward  the  past  normal,  not 
further  from  it.  And  "knowing  the 
worst,"  business  can  adjust  itself  in  a 
measure  to  the  prospect.  Probably  it 
will  progressively  discount  the  future 
and  assume  increasing  activity  without 
waiting  actual  passage  of  the  bill.  Al- 
ready there  are  signs  of  revival,  not  as 
a  general  movement,  but  beginning  (as 
the  decline  began)  by  scattered  in- 
stances, here  and  there,  and  increasing 
in  numbers  and  importance. 


THE  LOCK  CANAL  FOR  PANAMA. 


A   SUMMARY  OF  THE  REPORT   OF  THE  ADVISORY    BOARD   OF   ENGINEERS. 


Engineering  Nezvs. 


THE  report  of  the  Advisory  Board 
of  engineers  who  accompanied 
President  Taft  on  his  recent  visit 
to  the  Panama  Canal  works,  transmitted 
to  Congress  by  Mr.  Roosevelt  on  Febru- 
ar}^  ly,  should  dispose  for  all  time  of 
the  much  disputed  question  as  to  the 
feasibility  of  the  lock  canal  plan  now 
being  carried  out.  While  the  most  spe- 
cific commission  of  the  Board  was  to 
investigate  the  safety  of  the  Gatun  dam, 
their  report  deals  in  a  general  way  with 
the  condition  of  all  parts  of  the  work, 
and  a  considerable  part  of  it  is  devoted 
to  a  discussion  of  the  merits  of  the  sea- 
level  canal  project  wiiich  has  recently 
been  agitated  with  renewed  vigor.  The 
Board's  endoisement  of  the  lock-canal 
plan  is  unanimous  and  emphatic  and  the 
eminence  of  the  engineers  composing  it 
leaves  no  doubt  that  the  discussion  has 
at  last  reached  an  authoritative  and  con- 
clusive settlement.  We  take  from  the 
full  report  as  published  in  Engineering 
Nezvs  for  February  25  the  following  ab- 
stract of  its  more  ijnportant  sections. 

Especial  consideration  was  given  by 
the  Board  to  the  foundations  for  the 
Gatun  dam  and  the  feasibility  of  con- 
structing thereon  a  safe  dam  for  retain- 
ing water  at  85  feet  above  sea  level.  In- 
vestigation of  the  records  of  the  experi- 
ments which  have  been  made  and  exam- 
ination of  the  materials  in  the  open  cuts 
and  those  disclosed  by  test  borings  have 
satisfied  them  that  there  will  be  no  dan- 
gerous or  objectionable  seepage  through 
the  materials  under  the  base  of  the  dam, 


nor  are  these  materials  so  soft  as  to  be 
liable  to  be  pushed  aside  by  the  weight 
of  the  dam  to  an  extent  sufficient  to 
cause  dangerous  settlement. 

The  combination  rock-fill  and  hydrau- 
lic-fill type  of  dam  now  under  construc- 
tion has  the  unanimous  approval  of  the 
Board.  The  exterior  faces  are  to  be 
composed  of  rock  of  all  sizes  obtained 
from. the  canal  excavation,  dumped  and 
laid  on  slopes  much  flatter  than  are  or- 
dinarily found  in  earth  dams,  while  the 
interior  of  the  great  mass  will  consist  of 
clayey  material  obtained  by  hydraulic 
dredging  from  large  deposits  at  a  little 
distance  from  the  dam  site.  The  most 
practical  question  in  the  construction  of 
the  dam  is  the  possible  slipping  and  slid- 
ing of  the  materials  underneath  and  in 
the  body  of  the  dam.  They  are.  for  the 
most  part,  of  a  clayey  nature,  impervi- 
ous to  water,  but  liable  to  slipping  when 
subjected  to  heavy  unbalanced  pressure 
or  when  deposited  on  high,  steep  slopes. 
To  be  stable  and  permanent,  a  dam  built 
of  these  clayey  materials  must  have 
slopes  flatter  than  would  be  necessary  to 
secure  the  stability  of  a  dam  built  of 
silicious  or  gravelly  materials.  In  the 
opinion  of  the  Board,  the  data  which 
have  been  accumulated  by  experiment  as 
to  the  degrees  of  slope  that  are  stable 
with  the  materials  available  prove  con- 
clusively the  possibility  of  building  of 
them  an  absolutely  safe  and  permanent 
structure;  they  report,  indeed,  that  "the 
design  upon  which  the  work  is  now  be- 
ing prosecitted  abundantly  fulfils  the  re- 
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,  quired  degree  of  stability,  and  goes  far 
beyond  the  limits  of  what  would  be  re- 
garded as  sufficient  and  safe  in  any  less 
important  structure."  Such  slips  as  have 
occurred  have  been  caused  wholly  by 
piling  up  material,  as  a  matter  of  con- 
venience and  economy  during  construc- 
tion, on  slopes  much  steeper  than  are 
contemplated  in  the  finished  worl^;  they 
are  without  serious  consequences  either 
in  the  execution  of  the  work  or  in  the 
ultimate  stability  of  the  dam. 

The  Board  consider  the  dam  as  de- 
signed to  be  not  only  unnecessarily 
strong  but  also  unnecessarily  high.  The 
crest,  they  say,  may  safely  be  lowered 
20  feet  from  the  elevation  originally 
proposed,  that  is,  to  an  elevation  of  115 
feet  above  sea  level,  or  30  feet  above 
the  normal  level  of  the  water  against 
the  dam.  They  report  also  that  the 
sheet  steel  piling  proposed  for  the  base 
of  the  dam  may  safely  be  omitted. 

Considerable  space  is  given  in  the  re- 
port to  the  changes  which  have  been 
made  in  the  plans  since  the  project  was 
adopted  in  1905.  One  of  the  most  im- 
portant of  these  is  the  moving  of  the 
lower  locks  on  the  Pacific  end  of  the 
canal  from  La  Boca  to  Miraflores,  about 
four  miles  inland.  The  controlling  rea- 
son for  the  change  was  a  military  one. 
The  cost  of  the  work  will  be  increased 
about  $10,000,000  thereby,  but  this  will 
be  offset  to  a  large  extent  by  a  reduc- 
tion in  the  cost  of  fortification. 

The  increase  in  the  minimum  bottom 
width  of  the  canal  (from  200  to  300 
feet)  for  about  4.7  miles  in  the  Culebra 
cut  will  add  about  $13,000,000  to  the 
cost.  The  change  will  not  delay  the 
completion  of  the  work  and  the  in- 
creased width  will  in  many  ways  facili- 
tate navigation  through  the  canal.  Other 
changes  of  importance,  all  of  them  jus- 
tified, according  to  the  report,  although 
adding  considerably  to  the  cost  of  the 
canal,  include  the  increase  in  the  dimen- 
<?ions  of  the  locks  from  95  by  900  feet 
to  no  by  1,000  feet,  the  relocation  of 
the  Panama  Railroad,  and  the  modifica- 
tion of  the  plans  of  the  harbor  works  at 
either  end  of  the  canal.  , 

The  Board  see  no  reason  why  the 
work  should  not  be  completed,  as  esti- 
mated by  Col.   Goethals,  by  January   i, 


1915;  in  fact,  they  consider  an  earlier 
completion  of  the  work  quite  probable. 
They  also  approve  Col.  Goethals'  esti- 
mate of  $360,000,000  as  the  total  cost 
of  the  canal.  The  cost  as  estimated  in 
1905,  exclusive  of  the  cost  of  sanitation 
and  Zone  government  and  the  payments 
to  Panama  and  the  French  Company, 
was  $140,000,000.  Including  present  es- 
timates of  the  items  then  excluded,  the 
total  estimate  would  have  been  $217,- 
000,000.  About  half  the  difference  of 
$143,000,000  between  this  amount  and 
the  present  estimate  is  accounted  for  by 
the  changes  made  in  the  plans ;  the  re- 
mainder is  to  be  attributed  mainly  to  the 
higher  unit  costs  of  the  different  items 
of  the  work  than  those  used  in  the  1905 
estimates,  due,  the  report  says,  in  part 
to  the  higher  prices  for  plant,  supplies 
and  labor  which  have  prevailed  in  the 
United  States  since  the  estimate  of  1905 
was  made. 

From  the  Board's  discussion  of  the 
relative  merits  of  the  sea-level  and  lock 
types  of  canal  wc  quote  at  length:  "In 
view  of  the  fact  that  the  cost  of  the  lock 
canal  as  now  proposed  will  largely  over- 
run the  estimate  of  the  minority  of  the 
Board  of  Consulting  Engineers  of  1905, 
and  that  the  excavation  in  the  Culebra 
cut  is  being  made  somewhat  more  rapid- 
ly than  was  anticipated,  we  have  con- 
sidered in  a  very  general  way  the  rela- 
tive cost  and  time  of  construction  of  a 
sea-level  canal. 

"Most  of  the  factors  which  have  op- 
erated to  increase  the  cost  of  the  lock 
canal  would  operate  with  similar  effect 
to  increase  the  cost  of  the  sea-level 
canal,  and  at  the  present  time  there  are 
additional  factors  of  even  greater  im- 
portance to  be  considered  as  affecting 
the  time  of  completion  and  cost  of  a 
sea-level  canal.  One  of  these  is  to  be 
found  in  the  Gamboa  dam,  proposed  to 
be  nearly  200  feet  in  height  above  its 
foundations,  which  would  be  about  60 
feet  below  the  normal  river  level.  Prior 
to  the  construction  of  this  dam  a  long 
and  deep  diversion  channel  must  be  pro- 
vided of  far  greater  magnitude  than  that 
for  the  Gatun  dam,  which  has  been 
about  two  years  in  progress,  and  is  not 
yet  completed. 

"Judging  by  the  time  required  for  the 
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construction  of  dams  of  similar  magni- 
indc  in  the  United  States,  it  is  probable 
that  were  work  on  tlie  Gamboa  dam  to 
he  started  as  soon  as  possible,  this  one 
feature  of  the  sea-level  project  of  the 
Board  of  Consulting  Engineers  of  1905 
could  not  be  completed  until  after  the 
time  required  for  the  completion  of  the 
lock  canal.  The  construction  of  this 
(lam  at  Gamboa  for  the  control  of  the 
Chagres  is  an  essential  preliminary  to 
the  excavation  of  the  sea-level  canal  for 
the  thirteen  miles  from  Bohio  to  Bas 
Obispo.  Furthermore,  in  addition  to  the 
Gamboa  dam,  the  sea-level  project  pro- 
vides for  building  for  the  control  of 
tributary  streams  three  large  dams,  the 
sites  of  which  have. not  been  examined. 

"Work  is  already  far  advanced  on 
nearly  all  parts  of  the  lock  canal,  and  a 
change  in  the  type  would  result  in  aban- 
doning work  done  which  represents 
large  expenditure. 

"Under  the  plan  now  being  carried 
out,  the  River  Chagres  and  each  of  the 
other  rivers  on  the  Isthmus  tributary 
thereto  is  made  an  ally  of  the  project. 
The  waters  of  these  rivers  are  handled 
economically  and  in  such  a  way  as  to 
facilitate  the  operation  of  the  canal. 
With  the  sea-level  project,  these  rivers 
instead  of  being  allies  would  be  enemies 
of  the  canal,  and  floods  in  them  would 
greatly  interfere  with  the  work. 

"The  excavation  of  the  canal  would 
be  carried  to  40  feet  or  more  below  sea 
level  and  to  a  much  greater  depth  below 
the  bottoms  of  the  valley  in  which  the 
upper  streams  now  flow. 

"It  would  further  be  necessary  to  cut 
long  and  large  diversion  channels  on 
each  side  of  the  canal,  for  streams  en- 
tering the  Chagres  Valley.  The  cost  of 
such  lateral  channels  to  protect  the  Cu- 
lebra  cut  alone  from  the  comparatively 
small  streams  formerly  entering  it,  in- 
cluding work  done  by  the  French,  has 
l)robably  been  not  less  than  $2,000,000. 
The  channels  required  for  the  lower  val- 
ley of  the  Chagres  would  be  nuich  long- 
er, larger  and  far  more  expensive. 

"It  has  been  suggested  that  the  canal 
region  is  liable  to  earthquake  shocks  and 
that  a  sea-level  canal  would  be  less  sub- 
ject to  injury  by  earthquakes  than  a  lock 
canal.     We  have   seen,   in  the   City  of 


Panama,  the  ruins  of  an  old  church,  said 
to  have  been  destroyed  by  fire,  contain- 
ing a  long  and  extremely  flat  arch  of 
great  age,  which  convinces  us  that  there 
has  been  no  earthquake  shock  on  tin- 
Isthmus  during  the  150  years,  more  or 
less,  that  this  structure  has  been  in  ex- 
istence, that  would  have  injured  the 
work  proposed.  Dams  and  locks  are 
structures  of  great  stability  and  little 
subject  to  damage  by  earthquake  shocks. 
The  successful  resistance  of  dams  anrl 
reservoirs  supplying  San  Francisco  with 
water,  even  when  those  structures  were 
located  near  the  line  of  fault  of  the 
earthquake,  gives  confidence  in  the  abil- 
ity of  well  designed  masonry  structures 
and  earth  embankments  to  resist  earth- 
quake shocks. 

"We  do  not  regard  such  shocks  as  a 
source  of  serious  damage  to  any  type  of 
canal  at  the  Isthmus,  but  if  they  were 
sc,  their  effect  upon  the  dams,  locks  and 
regulating  works  proposed  for  the  sea- 
level  canal  would  be  much  the  same  as 
upon  similar  structures  of  the  lock  canal. 
The  Gamboa  dam  for  controlling  the 
floods  of  the  Chagres  in  connection  with 
the  sea-level  canal  provides  for  a  lake 
having  an  area  of  29  square  miles  when 
full,  and  if  this  water  were  suddenly  let 
loose  into  the  sea-level  canal  it  would 
seriously  injure  large  portions  thereof 
and  wreck  ships  therein.  A  similar  re- 
sult would  be  reached  if  the  other  three 
dams  of  the  sea-level  canal  retaining 
lakes,  having  an  aggregate  area  of  ten 
square  miles,  were  to  be  destroyed. 

"We  believe  that  the  sufficiency  of  the 
water  supply  for  a  lock  canal  has  never 
been  seriously  questioned.  It  is  true  that 
during  the  dry  season  the  natural  flow 
of  the  streams  would  not  be  sufficient  to 
furnish  the  water  required  for  numerous 
lockages.  There  would  even  be  times 
when  the  natural  flow  would  not  sufllice 
to  make  good  the  loss  by  evaporation 
from  the  surface  of  the  water  in  Gatun 
lake.  During  the  rainy  season  there  is 
a  great  excess  of  water  which  can  be 
readily  stored  in  Gatun  Lake,  with  its 
area  of  163  square  miles.  It  is  proposed 
to  fill  this  lake  during  ihc  rainy  season 
2  feet  above  its  normal  level,  and  to 
draw  it  as  needed  during  the  dry  season. 
It  is  computed  that  by  drawing  it  5  feet 
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below  normal  level,  which  draft  woula 
leave  40  feet  of  water  through  Culebra 
cut,  the  supply  in  a  dry  year  would  be 
sufficient  to  serve  from  30  to  40  lockages 
up,  and  an  equal  number  of  lockages 
down,  daily.  Each  lockage  might  con- 
sist of  a  single  large  vessel,  or  a  fleet  of 
smaller  vessels,  capable  of  being  in  the 
lock  at  one  time,  as  is  common  at'Sault 
Ste.  Marie.  For  comparison  the  pub- 
lished record  shows  that  an  average  of 
only  twelve  ships  per  day  passed  through 
the  Suez  Canal  in  1907. 

"From  our  examinations  in  the  neigh- 
borhood of  the  Gatun  dam,  we  can  find 
no  reason  to  apprehend  important  loss 
of  water  by  seepage  through  the  ridges 
surrounding  the  lake,  while  in  our  judg- 
ment the  bed  of  the  lake  will  be  prac- 
tically impervious  to  water.     The  water 


supply  in  sight  is  so  much  greater  than 
any  need  that  can  be  reasonably  antici- 
pated that  the  problem  of  securing  more 
water  when  the  time  of  need  arrives 
does  not  require  to  be  considered  now. 

''In  conclusion,  your  Board  is  satisfied 
that  the  dams  and  locks,  the  lock  gates, 
and  all  other  engineering  structures  in- 
volved in  the  lock  canal  project  are 
feasible  and  safe,  and  that  they  can  be 
depended  upon  to  perform  with  certain- 
ty their  respective  functions.  We  do 
not  find  any  occasion  for  changing  the 
type  of  canal  that  has  been  adopted.  A 
change  to  a  sea-level  plan  at  the  present 
time  would  add  greatly  to  the  cost  and 
time  of  construction,  without  compen- 
sating advantages,  either  in  capacity  of 
canal  or  safety  of  navigation,  and  hence 
would  be  a  public  misfortune." 


THE   COMMERCIAL    PROSPECTS    OF  THE    PANAMA   CANAL. 

A    GENERAL    DISCUSSION    OF    POSSIBLE    SOURCES    AND    VOLUMES    OF    TRAFFIC    AND    OF 

PROBABLE    REVENUE. 

G.  A.  Ballard — The  Contemporary  Revieiv. 


IN  comparison  with  the  political  and 
strategic  aspects  of  the  Panama 
Canal,  the  commercial  prospects  of 
the  undertaking  have  received  very  lit- 
tle public  discussion.  It  is  true  enough 
that  a  detailed  forecast  of  the  commer- 
cial future  of  the  canal  is  as  yet  imprac- 
ticable; but  a  general  anticipation  of 
its  prospects  which  should  be  broadly  ac- 
curate may  be  obtained  by  working  upon 
the  basis  of  existing  conditions,  and  the 
almost  inevitable  operation  of  certain 
economic  laws.  Such  a  study  is  made 
by  Mr.  G.  A.  Ballard  in  The  Contem- 
porary Reviezv  for  December,  1908.  His 
discussion  is  based  on  a  minimum  total 
estimate  of  £38,000,000  as  the  cost  of  a 
canal  of  the  lock  type  As  pointed  out 
on  another  page  of  this  issue  the  best 
estimates  now  available  place  the  cost 
of  the  completed  canal  at  $360,000,000, 
about  double  the  amount  which  forms 
the  basis  of  Mr.  Ballard's  calculations. 
This  discrepancy,  however,  does  not 
lessen  the  validity  of  his  arguments  or 
the  interest'  of  his  conclusions  of  which 
we  give  a  brief  summary  below. 

It  may  be  taken  for  granted  that  the 
canal  revenue,  whether  raised  to  defray 


working  expenses  or  to  furnish  a  divi- 
dend, will  be  derived  from  some  system 
of  dues  levied  on  the  tonnage  passing 
through.  The  traffic  must  therefore  bear 
a  sufficient  relationship  to  the  extent 
of  the  undertaking  if  the  canal  is  to  be 
a  financial  success.  Mr.  Ballard  en- 
deavors to  place  the  whole  enterprise  in 
its  most  favorable  light  by  basing  his 
estimate  on  the  minimum,  estimates  for 
cost  of  construction  and  cost  of  opera- 
tion and  maintenance  and  on  the  highest 
reasonable  figure  for  volume  of  traffic. 
We  have  already  mentioned  his  estimate 
of  first  cost;  he  takes  f  1,000,000  per  an- 
num as  the  lowest  possible  figure  for 
working  expenses.  To  cover  the  latter, 
therefore,  and  in  addition  pay  a  4  per 
cent,  dividend,  the  traffic  must  yield 
dues  amounting  to  rather  more  than 
£2,500,000  per  annum,  which  represents 
the  very  lowest  at  which  the  canal  will 
prove  moderately  profitable. 

Is  this  sum  likely  to  be  forthcoming? 
A  paying  volume  of  traffic  on  any  new 
thoroughfare  can  arise  only  from  the 
diversion  of  previously  existing  traffic 
from  other  routes  through  the  offer  of  a 
cheaper  or  in  some  other  way  more  ad- 
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vantageous  line  of  transit,  or  from  the 
generation  of  entirely  new  trafiic  on  an 
adequate  scale,  or  from  a  combination 
of  both,  as  in  the  case  of  the  Suez  Canal. 
It  is  a  comparatively  easy  matter  to  ar- 
rive at  a  fair  idea  as  to  what  existing 
lines  of  traffic  are  likely  to  be  aban- 
doned in  favor  of  the  Panama  route. 
Existing  commerce  follows  certain  clear- 
ly defined  lines  imposed  by  the  physical 
geography  of  the  globe,  from  which  it 
can  in  general  only  be  diverted  by 
offering  artificially  shortened  and,  there- 
fore, usually  cheaper  routes.  But  it  is 
important  to  remember  that  the  shorter 
is  not  invariably  the  cheaper.  When  two 
routes  of  equal  length  are  open  to 
choice,  one  of  v^hich  is  free  and  the 
other  subject  to  toll,  all  traffic  will  natur- 
ally follow  the  former,  and  if  a  route 
which  is  taxed  is  only  slightly  shorter 
than  a  rival  which  is  not,  the  dues 
charged  must  be  light  or  they  will  drive 
the  traffic  to  the  latter.  The  scale  of 
dues  must  in  fact  be  proportionate  to  the 
benefits  conferred,  and  that  is  a  mat- 
ter requiring  nice  adjustment  to  give  the 
best  returns.  The  great  advantage  en- 
joyed by  the  Suez  Canal  is  that  the  al- 
ternative route  by  sea  to  the  eastward  is 
so  much  longer  that  heavy  dues  may 
be  imposed  with  impunity.  At  the  pres- 
ent rate  of  7  fr.  75c.  per  ton  the  total 
sum  paid  by  an  ordinary  steamer  would 
be  enough  to  purchase  coal  for  an  extra 
week  or  ten  days  steaming,  but  even  that 
would  not  cover  the  extra  distance. 

Another  matter  which  affects  the 
choice  of  routes,  and  here  again  the 
Suez  Canal  is  exceptionally  favored,  is 
the  spacing  of  fuel  stations  along  alter- 
native lines.  If  there  is  any  considerable 
gap  it  means  that  extra  fuel  must  be 
carried  to  cover  it,  which  beyond  a  cer- 
tain point  can  only  be  done  by  encroach- 
ing on  the  cargo  space.  Yet  another  con- 
sideration affecting  the  selection  of  a 
route  is  the  opportunity  it  may  give  of 
trading  at  intermediate  points. 

With  these  four  considerations  as  a 
guide,  relative  shortness  of  distance, 
freedom  from  charges,  convenience  ot 
fuel  stations,  and  opportunities  for  trad- 
ing, it  is  not  difficult  to  foresee  which 
of  the  old  routes  will  be  deserted  in  fa- 
vor of  the  Panama  Canal.     It  is  self- 


evident  in  the  first  place  that  only  those 
three  rcjutes  which  have  one  terminus  in 
(he  Atlantic  or  its  immediately  adjoining 
waterspaces,  such  as  the  Mediterranean 
or  the  North  Sea,  and  the  other  outside 
can  be  affected.  The  most  important  of 
these,  the  Suez  Canal  route,  the  main 
avenue  of  intercourse  between  the  East 
and  the  West,  will  be  little  affected  by 
the  Panama  Canal  if  the  four  consider- 
ations mentioned  above  continue  to  ap- 
ply in  the  future  as  they  have  in  the  past. 
In  the  matter  of  dues  it  may  be  expected 
to  compare  favorably  with  rivals  always, 
for  the  dividends  it  now  earns,  soirie- 
thing  like  20  per  cent,,  leave  ample  mar- 
gin for  reductions  in  the  event  of  a  war 
of  rates.  Reference  to  a  chart  will  show 
that  for  European  traffic  the  whole 
Asiatic  coast  will  remain  more  easily  ac- 
cessible by  the  old  way  than  by  the  new. 
The  existing  trade  from  American  At- 
lantic ports  to  destinations  east  of 
Hongkong  will  find  the  Panama  route 
somewhat  shorter,  but  to  points  west  of 
Hongkong  the  distance  will  remain  in 
favor  of  the  old  route.  The  total  volume 
of  this  trade,  however,  is  so  small  that 
the  diversion  of  a  fraction  will  hardly 
affect  the  Suez  Canal,  and  furnish  but 
little  business  for  Panama.  Its  present 
tendency  is  to  decline. 

For  the  Australian  branch  of  the  Suez 
traffic,  the  advantage  of  distance  is  with 
the  old  route  to  the  extent  of  about  2,000 
miles  in  the  voyage  froTii  Europe  to  Mel- 
bourne, and  1,200  in  the  voyage  from 
Europe  to  Sydney.  Here,  however,  the 
turning  point  is  reached  and  New  Zea- 
land may  be  considered  within  the  nat- 
ural sphere  of  business  of  the  Panama 
route.  The  difference  in  distance  is  not 
great  but  enough  to  divert  the  traffic  if 
the  dues  are  not  too  heavy  and  a  proper- 
ly equipped  fuel  station  is  made  avail- 
able somewhere  in  the  Tahiti  Archipel- 
ago. With  good  business  management 
the  bulk  of  the  direct  traffic  between 
Europe  and  New  Zealand,  now  worth 
about  £25,000.000  per  annum,  should  be 
attracted  to  Panama  and  fumish  a  re- 
spectable addition  to  the  receipts. 

Next  in  importance  to  the  Suez  route 
is  the  alternative  route  to  the  East 
around  the  Cape  of  Good  Hope,  partly 
to  African  and  partly  to  Asiatic  or  Aus- 
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tralian  ports.  The  ships  bound  for  Afri- 
can ports  obviously  can  have  no  use  for 
the  Panama  route.  Neither  v^ill  the 
canal  appeal  to  the  remainder  which  pass 
on  into  the  Indian  Ocean,  partly  the  di- 
minishing remnant  of  the  once  great 
sailing  fleet  in  the  Asiatic  trade,  and 
partly  steamers  following  the  longer 
route  in  preference  to  the  Suez  route  be- 
cause employed  in  conveying  freight  to 
])orts  of  call  on  the  way. 

The  third  route  in  order  of  importance 
and  the  one  most  likely  to  be  affected  by 
the  opening  of  the  canal  is  that  which 
leaves  the  Atlantic  by  the  Straits  of 
Magellan  and  passes  around  Cape  Horn. 
The  diversion  of  trade  from  this  route 
constitutes  the  chief  commercial  hope  ot 
the  canal.  According  to  the  best  avail- 
able statistics,  the  average  annual  value 
of  the  trade  between  Atlantic  and  South 
Pacific  ports  amounts  to  about  £20,000,- 
000.  A  considerable  part  of  this  will 
probably  pass  by  Panama  but  not  all. 
There  is  a  point  on  the  Chilean  coast  at 
which  the  distances  by  the  old  and  the 
new  routes  will  be  equal,  and  vessels 
seeking  or  leaving  ports  in  the  vicinity 
of  this  point  will  avoid  the  canal  to  es- 
cape paying  dues.  It  is  probable  how- 
ever, since  this  point  is  some  distance 
south  of  the  chief  commercial  centres  of 
Chile,  that  the  greater  part,  probably  at 
least  £16,000,000,  of  the  South  Pacific 
trade  will  use  the  Panama  Canal.  The 
trade  with  the  North  Pacific  is  carried 
on  mainly  in  sailing  vessels,  owing  to 
the  competition  of  the  railways.  The 
canal,  however,  will  so  shorten  and 
cheapen  the  voyage  that  steam  traffic 
will  become  profitable  and  all  trade  or 
nearly  all  will  follow  the  new  route  in 
consequence.  The  annual  value  of  this 
trade  is  about  £30,000,000,  which,  added 
to  the  others  already  assessed  would  give 
a  grand  total  of  £70,000,000  a  year,  as 
representing  the  existing  value  of  the 
branches  of  sea-borne  traffic  which  may 
be  expected  to  turn  to  the  new  route 
when  ready.  By  1920  this  amount  may 
possibly  have  doubled,  judging  from  the 
present  rate  of  increase,  and  £150,000,000 
annually  may  be  taken  as  a  liberal  al- 
lowance of  the  "business  in  sight." 

This  volume  of  traffic,  about  two- 
thirds  of  that  passing  through  the  Suez 


Canal,  at  Suez  rates  would  return  about 
£3,000,000  annually.  But  it  is  probable 
that  not  more  than  an  average  rate  of 
two-thirds  of  the  Suez  scale  will  be  tol- 
erated by  traffic  diverted  from  other 
routes,  which  would  give  about  £2,000,000 
per  annum.  At  least  half  of  this  must 
go  to  meet  w^orking  expenses,  leaving 
one  million  available  for  dividends  on  a 
capital  cost  of  thirty-eight,  or  little 
more  than  2^  per  cent.  It  is  evident 
that  the  canal  cannot  hope  to  prove  a 
commercially  profitable  undertaking 
until  the  trade  has  risen  to  something- 
like  treble  its  present  value  according 
to  Mr.  Ballard's  estimate,  or  six  times 
its  present  value  according  to  the  latest 
estimates  of  the  cost  of  the  work. 

The  question  of  newly  created  trade  is 
a  much  more  difficult  one.  The  matter 
resolves  itself  into  an  investigation  as  to 
whether,  in  the  first  place,  ai\v  of  the  re- 
quirements of  countries  or  markets 
brought  nearer  to  each  other  by  the 
canal  will  be  producible  on  one  side, 
and,  by  using  the  canal,  more  cheaply 
deliverable  on  the  other  than  from  rival 
sources  of  supply ;  and,  secondly,  as  to 
w^hether  in  cases  where  existing  sources 
threaten  to  fail  in  satisfying  future  de- 
mands in  full,  the  new  route  will  enable 
the  deficit  to  be  made  good  from  fresh 
areas  of  production.  Speaking  in  very 
general  terms,  it  may  be  said  that  an  in- 
vestigation of  the  first  part  of  the  ques- 
tion leads  to  an  answer  in  the  negative, 
and  of  the  second  to  an  answer  in  the 
affirmative.  There  are  no  requirements 
of  the  Atlantic  markets  which  cannot  be 
supplied  from  sources  nearer  at  hand 
than  the  Pacific  Coast  of  America, 
whether  the  canal  is  constructed  or  not, 
but  it  is  open  to  question  whether  these 
nearby  sources  will  remain  permanently 
equal  to  the  demand.  If  nearer  sources 
of  supply  reach  their  limits  of  output  the 
North  American  Pacific  may  be  trusted 
to  contribute  its  quota  of  foodstuffs  and 
raw  materials  to  Atlantic  markets;  and 
conversely  the  development  of  the  Pa- 
cific coasts  following  upon  an  expansion 
of  their  exports  would  stimulate  the  de- 
mand for  manufactured  goods  from  At- 
lantic industrial  centres.  To  what  fig- 
ures it  will  ultimately  rise  it  is  difficult 
to  say  but  it  cannot  be  expected  in  the 
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near  future  to  rise  to  a  point  where 
the  tonnage  passing  tlirough  the  Panama 
Canal  would  yield  dues  sufficient  to  bring 
the  annual  revenue  up  to  4  per  cent,  of 
the  cost  of  construction,  even  according 
to  Mr.  Ballard's  estimate.  This  would 
require  the  transit  of  a  tonnage  convey- 
ing £75,000,000  worth  of  goods. 

The  conclusion  is  inevitable,  therefore, 
that  the  canal  cannot  prove  a  commer- 
cial undertaking  during  its  early  years 
even  at  a  most  liberal  computation,  but 
the  fact  that  it  does  not  seem  likely  to 
pay  a  good  dividend  for  some  years  does 
not  necessarily  mean  that  it  never  will. 
Its    future    will    be    dependent    on    the 


growLli  of  population  :n  certain  regions, 
but  no  man  can  foretell  with  any  confi- 
dence the  direction  the  question  of  popu- 
lation may  take.  The  most  that  can  be 
asserted  now  is  that  the  indj-ease  which 
will  be  required  to  furnish  the  canal  with 
paying  traffic  is  not  likely  to  be  reached 
in  the  near  future  and  may  never  be 
reached  at  all.  The  very  fact  that  it  is 
unlikely  to  prove  a  commercial  success, 
however,  should  only  serve  to  enhance 
the  credit  due  to  the  political  foresight 
which  recognises  that  its  value  to  the 
promoters  in  other  directions  justifies  the 
expenditure  even  when  there  is  small 
hope  of  a  financial  return. 


A   PROCESS   OF  MAKING   GAS   FROM    OIL. 

J\  DESCRIPTION  OF  A   METHOD  AND   APPARATUS  FOR  THE   UTILIZATION  OF    RESIDUUM   OIL 

Walter  C.  Willard — The  Iron  Trade  Review. 


A  RECENT  development  in  the  gas 
power  field,  which  offers  a  strik- 
ing illustration  of  the  applicabil- 
ity of  the  gas  producer  and  gas  engine  to 
the  utilization  of  low-grade,  and  even  of 
otherwise  worthless,  fuels,  mentioned  by 
Dr.  Lucke  on  another  page  of  this  num- 
ber, is  a  process  for  making  gas  from 
residuum  oil,  hitherto  a  waste  product. 
It  is  claimed  for  this  process  that  the  gas 
can  be  produced  at  a  cost  of  from  123^ 
to  24  cents  per  1,000  cubic  feet,  and  in 
especially  favorable  localities  at  a  cost 
of  7  cents  per  1,000  cubic  feet.  A  de- 
scription of  the  methods  and  apparatus 
is  given  by  Mr.  Walter  C.  Willard  in 
The  Iron  Trade  Review  for  February 
II,  from  which  the  following  extracts 
are  taken. 

'*'The  process  consists  essentially  in 
mixng  oil  with  air  and  vaporizing  and 
gasifying  the  mixture,  resulting  in  a 
perfectly  fixed,  colorless  gas  of  from  700 
to  1,220  B.t.u.  per  cubic  foot,  and  a  can- 
dle power  from  10  to  20  according  to  the 
conditions  and  grades  of  oil  used.  It  is 
claimed  that  there  is  positively  no  de- 
posit left  in  any  part  of  the  apparatus, 
except  a  small  percentage  of  tar  which 
falls  in  the  settling  tank.  No  ash  and 
no  free  carbon  or  coke  can  be  found. 

"The  gas  when  burned  in  an  ordinary 
mantle  burner  burns  with  no  smoke  and 
gives  a  clear  white  light  from  the  man- 


tle. It  can  be  used  wherever  natural  gas 
can,  for  lighting,  heating,  or  power. 
When  burned  in  an  open  gas  heater,  the 
flame  is  a  clear  blue  with  no  perceptible 
traces  of  smoke.  When  used  in  an  inter- 
nal-combustion engine  it  is  claimed  that 
it  burns  perfectly  clean,  leaving  no  tar 
or  acid  formations  which  might  be  detri- 
mental to  the  working  of  the  engine.'' 
The  maximum  cost  in  any  part  of  the 
country,  for  gas  of  700  B.t.u.  per  cubic 
foot,  is  said  to  be  25  cents  per  1,000 
cubic  feet.  The  process  is  extremely 
simple  and  perfect  results  can  be  ob- 
tained with  very  little  attendance. 

"The  operation  is  roughly  this :  an  air 
and  fuel  mixing  nozzle  is  made  to  deliver 
a  mixture  into  an  iron  burner,  where  it 
is  heated  and  thus  gasified,  and  led  out 
through  small  holes  in  the  burner  where 
combustion  takes  place.  This  burner 
supplies  the  heat  necessary  to  vaporize 
the  oil  fed  to  the  retorts  in  which  the 
gas  is  made.  One  nozzle,  like  that  used 
in  the  burner,  furnishes  a  mixture  of 
oil  and  air  to  each  pair  of  retorts.  One 
burner  furnishes  sufficient  heat  to  oper- 
ate eight  pairs  of  these  retorts." 

The  burner  is  placed  in  a  fire  box  be- 
low the  retorts  which  are  arranged  ver- 
tically in  pairs.  Oil  enters  the  lower 
retort  of  each  pair  at  the  bottom  and  gas 
is  led  from  the  upper  to  settling  tanks 
whence  it  is  piped  to  a  storage  tank.   The 
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size  of  a  lo-retort  apparatus  is  5  feet 
wide,  4  feet  deep  and  7  feet  high  over 
all;  the  capacity  of  a  plant  of  this  size 
is  conservatively  estimated  at  2,000  cubic 
feet  per  hour,  using  four  gallons  of  fuel 
oil  per  1,000  cubic  feet,  including  the 
amount  used  in  the  burner.  The  average 
cost  of  residuum  oil  used  is  about  2^4 
cents  per  gallon;  practically  its  •  only 
other  use  is  for  sprinkling  roads.  It  is 
also  claimed  that  either  crude  oil  or  some 
of  the  lighter  distillates  may  be  used. 

"The  application  of  this  process  is 
practically  universal,  since  special  burn- 
ers may  be  built  to  operate  directly  under 
a  steam  boiler.  It  is  only  necessary  to 
remove  the  gate  bars,  set  in  the  burner 
on  the  supports,  and  fill  in  with  loose 
fire  brick.  By  this  means  the  heat  is 
spread  to  cover  as  large  an  area  as  de- 
sired and  no  one  point  is  appreciably 
hotter  than  any  other.  This  overcomes 
one  of  the  greatest  drawbacks  to  the  use 
of  oil  for  fuel  according  to  former  prac- 
tice. Heretofore  it  has  been  a  problem 
to  dissipate  the  heat  and  still  maintain 
perfect  combustion.  With  this  system,  if 
the  oil  and  drafts  are  properly  adjusted. 


there  is  practically  no  flame  visible,  sim- 
ply a  steady  heat  making  all  within  the 
fire  box  show  up  at  practically  one  color. 
No  stack  is  required,  simply  a  flue  to 
carry  off  the  products  of  combustion."  It 
is  said  that  a  temperature  of  2,900  de- 
grees F.  can  be  maintained.  Careful 
tests  have  shown  that  by  using  a  special 
burner  it  is  possible  to  evaporate  from 
17  to  20  pounds  of  water  per  pound  of 
fuel  oil  used.  In  one  instance  an  evap- 
oration of  23.82  pounds  is  reported.  A 
test  made  under  rather  unfavorable  con- 
ditions gave  an  evaporation  of  15.82 
pounds  of  water  per  pound  of  oil  as 
against  9,442  pounds  per  pound  of  Kana- 
wha coal  in  the  same  boiler.  At  this  rate 
one  gallon  of  oil  will  evaporate  11 5.8 
pounds  of  water  and  162.7  gallons  of  oil 
would  be  equal  to  a  ton  of  this  coal. 

The  following  is  a  typical  analysis  of 
the  gas  produced: 

Per  cent. 

Hydrocarbon   vapors 15.55 

Carbon    dioxide 1.70 

Heavy    hydrocarbon 1.05 

Oxygen     0.20 

Carbon    monoxide 2.60 

Methane 23.04 

Hydrogen    2.90 

Nitrogen    52.96 


STRIKE   INSURANCE   IN  FRANCE. 

THE    ORGANIZATION    OF    ONE    OF    THE    LARGEST     MUTUAL    ASSOCIATIONS. 

Engineering. 


WE  have  referred  several  times  in 
these  columns  to  the  socialistic 
tendencies  of  contemporary 
social  and  industrial  legislation  in 
France  and  to  the  deplorable  condition 
into  which  French  industries  are  rapidly 
being  forced  by  the  pernicious  activities 
of  socialist  and  labor  leaders.  There  is 
a  class  of  men  in  the  country,  among 
whom  may  be  found  the  secretaries  of 
trade  unions  and  sometimes  even  mem- 
bers of  Parliament,  whose  chief  occu- 
pation is  to  foment  strikes,  and  under 
present  conditions  labor  disputes  and 
their  consequences  are  fraught  with 
much  more  danger  to  employers  in 
France  than  in  any  other  country.  As  a 
consequence  of  recent  strikes,  some 
works  have  had  to  close  down,  because 
they  were  unable  either  to  fight  or  to 
accept  the  conditions  demanded  of  them 
by  labor,  and  from  some  employers  con- 


cessions have  been  extorted  which  con- 
stitute a  grave  danger  to  the  satisfac- 
tory progress  of  French  industry.  The 
situation  has  become  so  acute  that  the 
employers  of  labor  have  been  forced  to 
form  mutual  benefit  associations  for  in- 
surance against  strikes.  The  organiza- 
tion of  one  of  the  most  important  of 
these,  covering  the  metallurgical  in- 
dustry, is  described  in  the  following  ex- 
tracts from  an  editorial  review  in 
Engineering  for  January  29. 

"In  1906  the  employers'  syndicate  of 
engineering,  boiler-making,  and  mould- 
ing works  took  into  consideration  the 
advisability  of  forming  an  organization 
against  strike  risks.  This  led  to  a  fed- 
eration which  comprises  a  series  of  mu- 
tual insurance  primary  companies  and 
secondary  funds.  The  first  group,  cor- 
responding to  a  particular  industry,  em- 
braces mechanical  and  electrical  works. 
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A  distinct  mutual  insurance  company 
was  formed  covering-  the  manufacturers 
of  railway  carriages  and  wagons.  The 
'Forge'  fund  was  tiien  formed,  the  larg- 
est company  of  all,  and  which  includes 
both  rolling  mills  and  steel  works.  Then 
followed  that  which  covers  structural 
works,  and  afterwards  a  fund  covering 
the   foundries. 

''The  insurance  company,  which  com- 
prises the  various  metallurgical  works' 
owners  of  the  Ardennes,  in  the  North- 
East  of  France,  is  a  separate  institu- 
tion. Other  similar  insurance  companies 
were  formed  at  various  intervals,  and 
simultaneously  also  the  'Caisse  Centrale 
Metallurgique,'  the  object  of  which  is 
to  insure  the  primary  insurance  com- 
panies, and  as  a  consequence  the  works' 
owners,  against  a  possible  insufficiency 
of  resources  at  the  disposal  of  the  vari- 
ous primary  insurance  companies. 

"The  primary  insurance  companies 
work  as  follows: —  Each  one  is  formed 
of  works'  owners  whose  outputs  are  of  a 
similar  nature,  this  insuring  a  commun- 
ity of  interest  among  all  the  members. 
Each  member  has  also  to  form  part  of 
a  commercial  syndicate  approved  by  the 
insurance  company  which  he  wishes  to 
join,  the  syndicate  on  its  side  having  to 
be  connected  to  the  Union  des  Industries 
Metallurgiques  et  Minieres,  formed  in 
France  with  a  view  to  bring  together 
the  works'  owners  whose  line  of  activity 
lies  in  metallurgy  and  mining.  Each 
primary  company  is  constituted  for  a 
period  of  thirty  years;  this  period  can 
be  extended,  and  each  member  enters 
upon  an  engagement  to  form  part  of 
the  insurance  company  during  the  whole 
life  of  the  latter;  but  each  member — 
and  the  insurance  company  has  the  same 
facility — can  sever  its  connection  at  the 
expiration  of  every  period  of  five  years 
by  giving  six  months'  notice.  The  con- 
tract between  each  member  and  the 
company  ceases  at  any  time  should  the 
former  close  his  works  finally.  If  a 
works  is  sold,  or  the  proprietary  is 
modified,  the  insurance  company  may 
close  the  contract  with  the  owner  ot 
that  particular  works,  seeing  that  the  in- 
surance is  a  private  agreement. 

"The  object  of  the  insurance  company 
is  to  guarantee  all  members  against  part 


of  the  pecuniary  losses  resulting  from 
partial  or  total  cessation  of  work  in 
their  establishments  following  a  dispute- 
between  the  management  and  the  per- 
sonnel,  also  against  the  proceedings  in- 
stituted against  them  by  the  personnel  on 
the  occasion  of  such  a  dispute.  The  in- 
demnity the  insured  member  receives 
constitutes  practically  a  compensation 
for  the  general  charges  which  he  con- 
tinues to  bear,  notwithstanding  a  partial 
or  a  total  stoppage  of  his  works.  He 
has  to  make  known  the  difficulty  in 
which  he  is  by  reason  of  a  strike  at  the 
earliest  possible  moment,  and  at  least 
six  days  after  cessation  of  work,  his 
declaration  being  made  direct  to  the 
Central  Committee,  which  decides 
whether  the  dispute  does  or  does  not 
give  right  to  an  indemnity.  The  Central 
Committee  was  formed  outside  of  every 
mutual  insurance  company,  with  a  view 
to  complete  impartiality.  The  committee 
in  question  is  an  offshoot  of  the  'Union 
des  Industries  Metallurgiques  et  Minie- 
res,' but  is  a  completely  independent  in- 
stitution. It  consists  of  six  m.embers, 
appointed  for  three  years  by  the  'Union,' 
a  third  of  the  members  being  renewable 
every  year;  its  opinions  and  decisions 
are  valid  only  when  given,  or  arrived  at, 
by  four  members  at  least.  All  decisions 
which  would  have  for  their  effect  to  ex- 
clude from  the  receipt  of  an  indemnity 
have  to  be  arrived  at  by  a  majority  of 
two-thirds  of  the  members  present. 

"The  duties  of  this  Committee  are 
most  important.  In  order  that  the  bene- 
fits resulting  from  the  insurance  be 
fully  allowed,  it  is  necessary  tlxit  a 
conflict  should  have  been  'suffered,  fol- 
lowed up,  and  concluded  in  accord  with 
the  Committee.'  A  works'  owner  does 
not  lose  his  liberty  of  action  by  the  fact 
that  he  is  insured;  but  if  he  should  take 
decisions,  or  follow  measures  which  the 
committee  disapproves  of,  he  loses  his 
right  to  an  indemnity.  It  is,  in  fact,  a 
declaration  on  the  part  of  the  Committee 
tiiat  there  is  full  agreement  between  it 
and  the  insured  member,  which  compels 
the  fund  of  the  insurance  company  to 
pay  an  indemnity  in  the  conditions  and 
proportion  contracted  for.  No  difficulty 
is  experienced  in  the  matter.  The  Com- 
mittee is  regularly  informed  by  the  ')wn- 
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er  as  to  the  conditions  in  which  a  strike 
lias  occurred,  on  its  causes,  and  the  pos- 
sihility  of  a  settlement;  the  Committee 
gives  the  owner  judiciary  advice,  while 
endeavoring  at  the  same  time  to  protect 
the  general  interests  of  industry,  and 
bearing  in  mind  legitimate  claims  on  the 
part  of  the  men  and  legitimate  resistance 
on  the  part  of  the  employer.  The  Com- 
mittee can  hand  over  to  the  employer  the 
certificate  enabling  the  latter  to  receive 
the  indemnity,  even  should  he  not  have 
complied  with  all  the  advice  tendered 
by  the  committee,  if  the  latter  considers 
that  while  declining  this  advice  the  em- 
ployer has  had  regard  fo^  equity,  and 
for  the  general  welfare  of  industry. 
Something,  therefore,  as  will  be  seen,  is 
left  to  appreciation,  as  is  the  case  in  a 
judgment  rendered  by  a  Court  of  Law. 

"The  extent  to  which  an  employer  is 
covered  by  the  insurance  company  cor- 
responds to  the  general  charges  on  the 
employer's  works.  These  include  rent, 
fixed  salaries,  contracts  for  light,  heat, 
power,  water,  telephone,  etc.,  annuities 
on  patents,  and  like  expenses,  but  not 
interest  on  capital  or  on  debentures  or 
the  proportion  of  profits  set  aside  for  a 
sinking  fund.  The  total  of  such  charges 
cannot  be  enlarged  for  insurance  pur- 
poses. An  evaluation  is  made  at  the 
time  of  signing  the  policy  of  insurance. 
It  is  not  allowed  to  limit  the  amount 
covered  by  insurance  to  less  than  50  per 
cent,  of  the  general  charges.  The  basis 
on  which  an  insurance  is  taken  out  can 
be  revised  every  year.  The  evaluation 
of  the  losses  caused  by  a  strike  is  ar- 
rivec^  at  by  an  expert  agent  appointed 
by  the  insurance  company,  who  acts  in 
conjunction  with  the  insured  member 
or  the  latter's  expert  agent;  should  the 
two  not  agree,  they  select  an  umpire. 

"The  principle  upon  which  the  in- 
surance is  based  is  mutuality,  but  re- 
sponsibility is  clearly  limited.  Every 
insured  member,  even  in  the  worst  cir- 
cumstances, can  only  be  called  upon  to 
the  extent  of  3  per  cent,  on  the  amount 
insured  by  him  individually.  It  was 
deemed  unnecessary  to  demand  at  once 
the  total  of  the  premium,  each  member 
being  only  asked  to  pay  a  sufficient 
amount  to  cover  the  indemnities  likely  to 
be  required  in  the  course  of  a  year,  and 


the  premium  paid  is  in  every  case  limited 
normally  to  the  payment  of  i>^  per  cent, 
on  the  amount  insured.  This  forms  the 
provident  fund,  and  the  rate  oi  ly?.  per 
cent,  is  that  which  has  been  paid  since 
the  formation  of  the  insurance  compan- 
ies. No  call  has  been  made  to  form  what 
has  been  styled  'the  guarantee  fund.' 

"The  secondary,  or  federative  fund, 
whose  title  is  'Caisse  Centrale  Metallur- 
gique,'  acts  as  a  mutual  insurance  fund 
towards  the  separate  insurance  com- 
panies. Its  organization  is  the  same  as 
that  of  the  latter,  with  the  difference 
that  its  members  are  those  companies 
and  not  individuals.  It  guarantees  the 
primary  insurance  companies  against  any 
nisufficiency  in  their  resources  should 
these  be  absorbed  entirely  by  strikes  in 
the  course  of  the  year;  that  is  to  say, 
the  sums  paid  in  to  the  extent  of  the 
maximum  premium  of  3  per  cent. 

"The  operations  and  risks  of  the 
Caisse  Centrale  Metallurgique  extend 
over  a  wide  area,  and  are  numerous, 
seeing  that  it  re-insures  insurances 
which  cover  a  large  number  of  different 
industries.  Its  relations  with  the  pri- 
mary insurance  companies  are  practi- 
cally the  same  as  those  between  the  lat- 
ter and  their  members.  It  is  adminis- 
tered by  a  council  elected  from  the  ad- 
ministrators of  those  primary  companies 
who  have  insured  a  minimum  of  20,000/. 
Should  the  sources  available  with  the 
Caisse  Centrale  become  insufficient  to 
indemnify  completely  all  the  primary 
companies  insured,  a  proportional  distri- 
bution of  the  sums  wouJd  take  place. 

"The  combination  works  with  com- 
plete success.  In  April,  1907,  the  gen- 
eral charges  insured  by  the  various  mu- 
tual insurance  companies,  and  re-insured 
therefore  by  the  Caisse  Centrale,  did  not 
reach  a  total  of  3  million  francs  (120,- 
000/.  At  that  date  the  organization 
was  new,  and  many  people  did  not  be- 
lieve it  would  be  attended  with  good  re- 
sults, or  were  of  opinion  that  the  premi- 
ums would  have  to  be  very  high  to  cover 
all  the  risks.  In  the  middle  of  1907  the 
general  charges  insured  rose  to  isV^ 
million  francs  (620,000/.)  ;  at  the  pres- 
ent time  the  sum  insured  exceeds  21 
million  francs  (840,000/.).  The  premium 
has  never  exceeded  iVo  per  cent." 
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TWO  of  Prof.  Bertram  IJopkinson's 
contributions  to  the  literature  of 
the  gas  engine  have  already  been 
reviewed  at  some  length  in  these  col- 
umns. His  first  paper  on  the  efficiency 
of  the  gas  engine,  read  before  the  In- 
stitution of  Mechanical  Engineers  in 
October,  1907,  was  reviewed  in  The 
Engineering  Magazine  for  January, 
1908;  an  abstract  of  his  second  paper, 
dealing  with  the  influence  on  efficiency 
of  mixture  strength  and  scavenging,  fol- 
lowed in  the  July  number.  His  latest 
investigations  have  been  directed  to- 
wards the  determination  of  the  actual 
temperature  distribution  in  the  gas  en- 
gine cylinder  and  its  relation  to  the  con- 
ditions of  working.  We  give  below  a 
brief  summary  of  the  results  communi- 
cated to  the  Institution  of  Civil  Engi- 
neers on  February  2. 

In  the  course  of  the  expansion  and 
exhaust  strokes  of  the  gas-engine,  from 
a  quarter  to  a  half  of  the  whole  heat 
developed  in  the  explosion  is  discharged 
into  the  cylinder-walls.  This  flow  of 
heat,  though  its  effect  on  efficiency  is 
relatively  small,  is  very  important  in  the 
practical  working  of  the  motor,  because 
it  necessitates  the  provision  of  special 
appliances  for  its  removal  from  the  out- 
side of  the  engine  as  fast  as  it  is  gener- 
ated within,  and  it  also  requires  the  ex- 
istence of  a  temperature-gradient  suffi- 
cient to  carry  it  from  the  place  where 
it  is  generated  to  the  place  where  it  is 
removed.  In  consequence,  high  temper- 
atures must  exist  in  the  uncooled  parts 
of  the  engine  and  great  temperature  dif- 
ferences between  one  part  and  another. 
These  conditions  give  rise  to  dangers 
from  pre-ignition,  and  also  to  large  me- 
chanical stresses  in  the  metal,  which,  be- 
tween them,  account  for  a  large  part  of 
the  practical  difficulties  encountered  in 
running  large  gas-engines. 

Given  the  rate  of  heat-flow  into  every 
portion  of  the  cylinder  per  square  foot, 
it  would  be  possible  by  a  sufficiently  elab- 
orate mathematical  analysis  to  calculate 
the  distribution  of  temperature  through- 


out the  metal.  Apart  from  the  difficulty 
of  the  mathematical  problem,  however, 
the  data  for  its  solution  are  only  imper- 
fectly known,  and  a  rough  calculation  of 
the  general  mean  temperature  distribu- 
tion is  all  that  is  possible.  Such  a  cal- 
culation made  by  Prof.  Hopkinson  leads 
•  o  the  conclusion  that  the  temperature 
on  the  inner  surface  of  portions  of  the 
engine  which  are  efficiently  water-cooled, 
such  as  the  liner,  can  jiever  rise  above 
quite  a  moderate  value.  But  the  tem- 
perature at  the  centre  of  an  uncooled 
piston,  12  inches  in  diameter,  may  reach 
joo  degrees  C.  or  more.  It  also  appears 
that  the  temperature  at  the  centre  of 
such  a  piston  will  vary  as  the  square  of 
the  diameter  if  the  thickness  be  kept 
constant,  or  directly  as  the  diameter  if 
the  thickness  be  increased  in  proportion; 

Prof.  Hopkinson  describes  experi- 
ments made  upon  a  Crossley  gas-engine 
of  40  brake  horse  power,  with  the  ob- 
ject of  determining  the  actual  tempera- 
ture distribution  and  its  relation  to  the 
conditions  of  working.  The  tempera- 
tures were  measured  by  means  of  ther- 
mo-couples inserted  into  the  piston-face 
and  into  the  centres  of  the  valves. 

In  the  first  group  of  tests  these  tem- 
peratures were  compared  with  the  total 
heat-loss  as  measured  by  the  rise  of  tem- 
perature of  the  jacket-water.  According 
to  theory,  the  excess  of  the  temperature 
at  any  point  over  the  mean  temperature 
of  the  jacket-water  should  be  propor- 
tional to  the  total  heat-loss,  except  in  so 
far  as  the  distribution  of  that  loss  over 
the  metal  surface  exposed  to  the  hot  gas 
is  altered.  By  varying  the  strength  of 
mixture,  keeping  other  conditions  the 
same,  the  heat-loss  was  varied  between 
limits  of  about  1.300  and  2,200  British 
thermal  units  per  minute,  the  engine  fir- 
ing practically  every  time ;  and  it  was 
found  that  the  piston  temperature  was 
very  closely  proportional  to  the  heat- 
loss.  In  the  exhaust-valve  there  was 
some  deviation,  the  causes  of  which. 
Prof.  Hopkinson  discusses.     Under  nor- 
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temperature  at  the  centre  of  the  piston 
was  found  to  be  about  370  degrees  C. 
above  that  of  the  jacket-water;  in  the 
exhaust-valve,  400  degrees  C. ;  and  in 
the  inlet-valve,  250  degrees  C. 

From  a  comparison  of  the  tempera- 
tures at  different  points  in  the  piston- 
face  and  the  temperature  at  the  centre, 
the  rate  of  heat-flow  into  the  face  of 
the  piston  is  deduced,  and  found  to 
amount  to  about  one-eighth  of  the  total 
flow  into  the  engine.  This  agrees  well, 
having  regard  to  the  difference  of  piston 
temperature,  with  the  results  obtained 
by  Prof.  Burstall,  who  measured  sepa- 
rately the  heat  given  to  a  water-cooled 
piston.  It  is  a  considerably  smaller  pro- 
portion than  would  be  expected,  and  the 
reasons  for  this  are  discussed  by  Prof. 
Hopkinson.  It  is  suggested  that  an  im- 
portant cause  is  to  be  found  in  the  fact 
that  the  gas  near  to  the  piston  is  the  last 
to  be  ignited  in  the  course  of  the  passage 
of  the  flame  through  the  combustion- 
space,  and  is  therefore  cooler  than  the 
average  in  accordance  with  a  principle 
established  by  Prof.  Hopkinson  some 
years  ago. 

Of  the  fall  of  temperature  between  the 
centre  of  the  piston  and  the  jacKCt- 
water,  about  one-half,  or  say,  180  de- 
grees C,  is  between  the  centre  and  edge 
of  the  piston-face.  In  consequence  of 
this  inequality  of  temperature  there  is  a 
considerable  hoop  tension  at  the  edge  of 
the  piston-face.  The  magnitude  of  this 
is  investigated,  and  it  is  shown  that  it 
probably  amounts  to  several  tons  per 
square  inch.  It  is  pointed  out  that  un- 
cooled  pistons  of  large  diameter  will  be 
likely. to  fail  by  a  radial  crack  at  the 
edge  which,  in  many  cases,  may  be  fol- 
lowed by  seizing  of  the  piston  on  ac- 
count of  the  sudden  expansion  v.  hich  is 
thus  permitted. 

The  next  group  of  experiments  relates 
to  the  effect  of  varying  the  conditions  of 
running  upon  the  metal  temperature.  The 
dependence  of  heat-flow  and  temperature 
upon  strength  of  mixture,  time  of  igni- 
tion, and  degree  of  compression  are  in- 
vestigated. 

(i)  Strength  of  Mixture. — It  appears 
that  if  the  gas  charge  be  increased  by 
30  per  cent.,  the  total  heat-loss  will  be 
increased  by  50  per  cent,  with  a  corre- 


sponding   increase    in   the    temperatures 
of  the  piston  and  inlet-valve. 

(2)  Time  of  Ignition. — Retarding  the 
ignition  by  20  degrees,  the  gas  charge 
and  other  circumstances  remaining  the 
same,  reduces  the  total  heat  loss  by  10 
per  cent.  The  piston  and  inlet-valve  are 
20  per  cent,  cooler,  these  parts  receiving 
a  much  less  share  of  the  heat  than  be- 
fore. On  the  other  hand  the  exhaust- 
valve  receives  a  greater  share  of  heat 
than  with  normal  ignition,  and  its  tem- 
perature is  not  materially  altered.  The 
thermal  efficiency  is  reduced  from  34^ 
per  cent,  to  283^  per  cent. 

Advancing  the  ignition  by  10  per  cent. 
has  but  little  effect  upon  efficiency.  It 
causes  an  increase  of  about  10  per  cent. 
in  the  heat-loss.  There  is  a  more  than 
proportional  increase  in  the  temperature 
of  the  piston  and  inlet-valve.  The  ex- 
haust-valve is  again  but  little  altered. 

(3)  Degrees  of  Compression.— Com- 
parative trials  were  made  in  which  the 
engine  was  run  first  in  the  ordinary  way 
and  second  with  the  half-compression 
cam,  which  is  used  for  starting  purposes, 
kept  in  action.  The  result  in  the  lat- 
ter case  is  that  about  two-fifths  of  the 
charge  of  gas  and  air  is  expelled  un- 
burnt  to  exhaust.  In  fact,  the  only  thing 
changed  is  the  density  of  the  charge, 
all  other  circumstances  remaining  prac- 
tically the  same.  It  was  found  that  heat- 
loss  was  reduced  nearly  but  not  quite  in 
proportion  to  density,  with  a  correspond- 
ing reduction  in  the  temperatures  of  all 
parts  of  the  engine.  The  eft'ect  of  de- 
gree of  compression  upon  efficiency  and 
upon  the  practical  working  of  the  motor 
is  discussed  in  the  light  of  these  obser- 
vations. 

Another  set  of  experiments  consisted 
of  comparative  trials  with  the  engine 
running  on  half-load,  so  that  every  other 
cycle  was  a  scavenging  cycle,  and  firing 
every  time,  the  circumstances  being 
otherwise  the  same.  It  was  found  that 
the  quantity  of  heat  removed  by  the  air 
passing  through  the  engine  in  the  scav- 
enging strokes  was  insignificant  in  pro- 
portion to  the  whole. 

Finally,  a  large  number  of  experi- 
ments were  made  on  the  phenomena  of 
pre-ignition.  In  order  to  cause  the  en- 
gine to  pre-ignite,  an  iron  bolt  carrying 
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a  thermo-couple  at  its  end  was  intro- 
duced into  the  combustion-chamber.  The 
end  of  this  bolt  was  heated  by  the  ex- 
plosions, and  it  was  found  that  it  could 
be  heated  in  this  way  up  to  a  tempera- 
ture of  about  700  degrees  C.  without  af- 
fecting in  any  way  the  working  of  the 
engine,  but  that  if  the  temperature  ex- 
ceeded 730  degrees  C.  ignitions  would 
take  place  from  the  end  of  the  bolt.  The 
effect  of  these  ignitions  is  to  heat  the 
end  of  the  bolt  up  more  rapidly  than  be- 
fore ;  they  thus  tend  to  propagate  them- 
selves, and  to  become  more  frequent, 
and  if  once  they  start  the  engine  is 
bound  to  pull  up.    It  was  found  that  the 


line"  of  division  between  the  conditions 
under  which  safe  and  continuous  run- 
ning was  possible,  and  those  under  which 
the  engine  was  bound  to  pull  up,  was 
very  narrow,  and  can  be  represented  by 
an  increase  in  the  gas  charge  of  only  i 
per  cent.  This  instability  is  due  to  the 
fact  that  the  gas  near  the  point  of  igni- 
tion of  an  explosive  mixture  is  heated 
to  a  temperature  much  above  the  mean 
by  the  rise  of  pressure  which  follows  its 
ignition.  Thus  the  fact  that  ignition 
takes  place  through  the  bolt  tends  of  it- 
self to  make  the  bolt  hotter,  and  so  to 
cause  earlier  and  more  frequent  igni- 
tions from  the  bolt. 


THE    TRANSMISSION  OF   POWER   BY   LEATHER   BELTING. 

A   COMPREHENSIVE  THEORETICAL  TREATMENT  OF   THE   WHOLE   BELTING   PROBLEM. 

Carl  G.  Barth — American  Society  of  Mechanical  Engineers. 


IN  a  paper  read  before  the  American 
Society  of  Mechanical  Engineers 
on  January  11  and  published  in  the 
Journal  for  January,  Mr.  Carl  G.  Barth 
presents  a  complete  theory  of  the  trans- 
mission of  power  by  leather  belting 
which  combines  the  results  of  his  own 
investigations  and  experience  during  the 
past  eighteen  years  and  of  the  experi- 
ments of  other  members  of  the  Society 
who  have  investigated  different  factors 
of  the  belting  problem.  The  paper  is  a 
very  comprehensive  and  valuable  pre- 
sentation of  a  subject  which  has  hitherto 
been  in  a  more  or  less  uncertain  state. 
In  the  following  brief  abstract  we  have 
attempted  to  indicate  in  a  general  way 
the  main  features  of  Mr.  Earth's  discus- 
sion and  to  give  the  more  important  of 
his  formulae,  but  to  obtain  an  adequate 
appreciation  of  their  significance  the 
paper  itself  must  be  consulted. 

Mr.  Barth  first  establishes  a  mathe- 
matical formula  for  the  relation  between 
the  tension  in  a  belt  and  the  stretch  due 
to  the  tension,  based  on  experiments 
made  at  different  times  by  Lewis  and 
Bancroft,  Bird  and  himself.  He  gives 
as  a  safe  average  formula  on  which  to 
build  an  improved  theory  of  belting. 

L,^L  I  1-}- 


under  the  unit  tension  t  when  its  slack 
length  is  L. 

By  means  of  the  knowledge  of  the 
elastic  properties  of  leather  belting  ex- 
pressed in  this  formula  he  develops  a 
formula  for  the  relations  between  the 
tensions  in  the  two  strands  of  a  belt 
transmitting  power,  taking  account  of 
the  influence  of  sag  in  a  horizontal  belt. 
This  formula  is 

1      1      2 
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in  which  t^ 


I  864  J 


in  which  L^  equals  the  length  of  a  belt 


the  tension  in  the  tight 

strand  or  side  in  pounds 

per  square  inch  of  belt 

section ; 

ti  =  the  tension  in  the  slack 

strand  or  side; 
to  =  initial    tension    used    in 
tightening  the  belt ; 
and  c  =  center  distance   of   pul- 
leys in  inches. 
For  very  short  belts  the  last  term  in 
this  equation,  which  is  only  tentatively 
solvable,    becomes    very    small    as    com- 
pared with  the  term  2V^.    By  neglecting 
it,   the    formula   for   vertical   and    short 
horizontal  belts,  or  even   approximately 
for  all  belts,  may  be  written  simply 

This   formula   may  be   enunciated   as   a 
new    theorem    of   the    relations    o^    the 
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tensions  in  a  belt,  thus:  "Under  any 
variation  of  the  effective  pull  of  a  belt, 
the  sum  of  the  square  roots  of  the  ten- 
sions in  the  two  strands  remain  con- 
stant" as  against  the  old  fallacious  sup- 
position that  the  sum  of  these  tensions 
remains  constant. 

The  longer  equation  given  abo"*^e,  how- 
ever, may  be  made  solvable  with  respect 
to  tx  by  assuming  that  ^i  =  h'/tn,  which 
experiment  shows  to  be  an  average  re- 
lation of  the  tensions.  The  formula 
when  rearranged  after  substituting  this 
value  of  ti  in  the  last  term  becomes 


[ 


',=  I  2V^-\/^  +  0-04r 
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Mr.  Barth  has  devoted  a  great  deal  of 
study  to  the  question  what  coefficient  of 
friction  should  be  assumed  in  calculat- 
ing the  pulling  power  of  a  belt  at  any 
given  speed.  He  has  assumed  a  variable 
coefficient  of  friction  expressed  by 

140 

$  =  0.54 

500  +  V 

in  which  V  is  the  velocity  of  the  belt  in 
feet  per  minute.  From  this  formula  and 
another  is  derived  the  expression 

160  +  0.88  V 
85  +  0.03  V 

as  the  velocity  of  sliding  on  each  pulley 
in  terms  of  the  velocity  of  the  belt  itself. 
As  the  percentage  of  slip,  x,  between 
the  circumferential  speeds  of  the  two 
pulleys  of  a  belt  is  twice  the  percentage 
of  the  average  total  velocity  of  sliding 
V  of  the  belt  over  each  pulley,  the  ex- 
pression for  the  percentage  of  slip  cor- 
responding to  the  coefficient  of  friction 
given  above  becomes 

200    /  160  +  0.88  V\ 
F    \    85  X  0.03  V  / 

This  whole  theory  of  the  variation  of 
the  coefficient  of  friction  with  the  belt 
speeds  rests  entirely  on  the  formula 

t.  —t 


Ratio  of  Effective  Tensions 


^a 


where  t^  is  the  loss  in  effective  tension 
due  to  centrifugal  force  per  snuare  inch 
of  cross  section  of  the  belt ;  c,  the  base 
of  the  Naperian  system  of  logarithms, 
2.71828;  ^,  the  coefficient  of  friction  be- 


tween the  belt  and  the  pulley ;  and  oc,  the 
lesser  arc  of  contact  of  belt  on  pulleys 
expressed  in  radians. 

Mr.  Barth  gives  the  following  specific 
formula  for  the  loss  of  effective  tension 
in  a  belt,  due  to  its  centrifugal  force: 

t    =  0.000003454  V^, 
c 

in  which  V  equals  the  velocity  of  the 
belt  in  feet  per  minute. 

The  formula  for  the  effective  pull  of  a 
horizontal  belt  is,  p  —  i,  —  t^.  From  the 
equations  given  above  an  expression  of 
p  in  terms  of  f„,  V,  and  a  may  be  found, 
but  the  resulting  equation  is  solvable  by 
trial  only.  Mr.  Barth,  however,  gives 
an  elaborate  diagram  by  which  the  solu- 
tion may  be  effected  graphically.  The 
formula  for  the  pulling  power  of  ver- 
tical belts  in  terms  of  the  initial  tension 
is  much  simpler  and  offers  no  special 
difficulty  in  computation. 

Besides  the  diagram  mentioned,  Mr. 
Barth  gives  two  diagrams  showing  the 
relations  of  pulling  power  to  tensions  at 
all  speeds  for  a  belt  of  i  square  inch 
section,  a  diagram  showing  the  horse 
power  output  corresponding  to  the  belt 
pulls  in  these  diagrams,  and  an  elab- 
orate diagram  so  combining  and  modi- 
fying the  data  contained  in  the  three 
that  the  solution  of  almost  any  problem 
relating  to  belting  of  any  size  and  any 
arc  of  contact  can  be  found  from  it. 
The  derivation  of  the  first  two  of  these 
four  diagrams  Mr.  Barth  describes  as 
follows : 

"Tn  his  paper,  'Notes  on  Belting,'  read 
before  the  American  Society  of  Me- 
chanical Engineers  in  1893,  Mr.  F,  W. 
Taylor  showed  the  economy  of  running 
belts  under  much  lower  tensions  than 
those  commonly  figured  on  in  propor- 
tioning a  belt  to  do  a  certain  amount  of 
work.  He  also  divided  the  belts  with 
which  he  dealt  into  two  classes:  those 
whose  dimensions  he  could  not  well  in- 
crease over  what  he  found  in  use,  such, 
for  instance,  as  the  cone  belts  on  lathe's 
nnd  other  machines  provided  with  a  cone 
pulley  in  a  limited  space:  and  those  he 
could  readily  increase  by  providing 
larger  pulleys,  such  as  the  belts  leading 
from  lineshafts  to  the  countershafts  of 
machines. 

"For  belts  in  the  first  class  he  adopted 
higher   tensions   than    for   those    in   the 
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second  class.  He  also  devised  a  set  of 
belt  clamps  provided  with  spring  bal- 
ances, by  means  of  which  he  could  make 
sure  that  a  belt  was  put  up  under  a  speci- 
fied initial  tension  at  any  time  desired. 
"The  reason  why  Mr.  Taylor  had 
adopted,  and  accordingly  recommended, 
lower  belt  tensions  than  usually  counted 
on  in  proportioning  a  belt  to  do  a  cer- 
tain amount  of  work,  was  that  a  belt 
quickly  loses  its  tension  if  it  exceeds  a 
certain  amount,  and  thus  in  order  to 
maintain  such  a  tension,  approximately, 
requires  frequent  retightening,  which  is 
a  source  of  too  ipuch  expense  and  leads 
to  a  rapid  destruction  of  the  belt. 

"Taking  Mr.  Taylor's  data  as  a  start- 
ing point,  Mr.  Barth  has  finally  adopted 
the  rule,  as  a  basis  for  his  use  of  belts 
on  belt-driven  machines,  that  for  the 
driving  belt  of  a  machine  the 'minimum 
initial  tension  must  be  such  that  when 
the  belt  is  doing  the  maximum  amount 
of  work  intended,  the  sum  of  the  tension 
on  the  tight  side  of  the  belt  and  one- 
half  the  tension  in  the  slack  side  will 
equal  240  pounds  per  square  inch  of 
cross-section  for  all  belt  speeds ;  and  that 
for  a  belt  driving  a  countershaft,  or  any 
other  belt  inconvenient  to  get  at  for  re- 
tightening  or  more  readily  made  of  lib- 
eral dimensions,  this  sum  will  equal  160 
pounds. 

"Further,  the  maximum  initial  ten- 
sion, that  is,  the  initial  tension  under 
which  a  belt  is  to  be  put  up  in  the  first 
place,  and  to  which  it  is  to  be  retight- 
ened  as  often  as  it  drops  to  a  minimum, 
must  be  such  that  the  sum  defined  above 
is  320  pounds   for  a  machine  belt,   and 


240  pounds  for  a  countershaft  belt  or  a 
belt  similarly  circumstanced. 

"The  reason  for  adopting  a  uniform 
sum  of  the  tension  in  the  tight  side  and 
one-half  the  tension  in  the  sl-'ck  side, 
as  mentioned  above,  instead  of  either  a 
uniform  initial  tension,  or  a  uniform 
maximum  tension  alone,  is  that  the  aim 
has  been  to  get  as  uniform  periods  as 
possible  for  retightening  of  belts. 

"But,  evidently'  while  the  maximum 
tension  in  a  belt  must  be  the  greatest 
factor  in  determining  the  rapidity  with 
which  the  belt  will  lose  its  tension  as  a 
whole,  the  accompanying  tension  in  the 
slack  side  must  also  have  some  influence, 
though  not  proportionally  to  the  same 
extent ;  and  hence  the  idea  occurred  of 
taking  it  into  account  in  the  manner  and 
to  the  extent  stated." 

For  vertical  belts  this  condition  is  ex- 
pressed by  the  equation  h  -^  '^/i  U  —  A, 
a  constant  having  the  values  above 
stated.  From  a  combination  of  this 
formula  with  some  of  those  already 
given,  the  following  are  derived : 

2^  +  /' 
t. 


3 

'iA  —  p 

3 

^iA—p+  y/(4A  ■ 

-  py  -  9p^ 

12 

These  formulae  are  the  ones  from 
which  the  first  two  diagrams  are  plotted 
for  values  of  A  of  240  and  160  pounds. 
Except  for  belts  of  extraordinary  length 
the  last  formula  applies  to  horizontal  as 
well  as  to  vertical  belts. 


COAL   MINING   IN   THE   PHILIPPINES. 

A   REVIEW   OF  THE    PRESENT    CONDITION    AND   POSSIBILITIES    OF   THE    INDUSTRY. 

/.  B.  Dihvorth — American  Institute  of  Mining  Engineers. 


WITH  the  exception  of  an  insignifi- 
cant amount  mined  on  Batan 
Island  the  coal  supply  of  the 
Philippines  is  drawn  wholly  from  Aus- 
tralia, Japan  and  the  United  States. 
Large  deposits  of  coal,  however,  though 
of  a  somewhat  inferior  grade,  occur  in 
several  of  the  islands  and  from  present 
indications  coal  mining  Is  likely  within 
a  few  years  to  become  an  important  in- 


dustry. Mr.  J.  B.  Dihvorth  in  a  paper 
read  before  the  American  Institute  of 
Mining  Engineers  and  published  in  the 
Bulletin  for  January  gives  the  following 
interesting  review  of  its  possibilities. 

"Outcrops  of  coal  have  been  discov- 
ered in  manv  localities  in  the  Philippine 
archipelago,  and  practically  all  of  the 
larger  islands  contain  deposits  of  this 
mineral.  Very  liule  prospecting  has  been 
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done  to  determine  the  value  of  the  vari- 
ous coal-bearing  areas,  but  so  far  as 
known,  the  largest  and  most  promising 
fields  are  found :  ( i )  in  northern  Cebu ; 
(2)  in  the  small  island  of  Batan,  a  part 
of  the  province  of  Albay  in  southeastern 
Luzon;  (3)  in  the  somewhat  larger  is- 
land of  PoKllo,  off  the  east  coast  of 
Luzon,  and  (4)  in  southern  Mindoro, 
near  the  small  coast  town  of  Bulalacao. 
Northern  Panay,  south-central  Cebu,  and 
various  localities  in  southern  Luzon, 
Masbate,  Negros,  and  Mindanao  also 
afford  evidences  of  the  existence  of  coal- 
beds,  the  extent  and  value  of  which  have 
not  yet  been  proved. 

"Some  of  these  coal-fields  have  been 
known  for  many  years  (coal  was  dis- 
covered in  Cebu  in  1827  and  in  Batan  in 
1842),  and  several  futile  attempts  were 
made  by  the  Spaniards  to  operate  mines 
in  these  districts.  But  owing  to  many 
circumstances,  chief  among  which  were 
indifferent  management,  the  political  un- 
rest of  the  islands,  natural  difficulties  of 
transportation,  and  those  inherent  in  the 
mining  of  steeply  inclined  and  somewhat 
irregular  seams,  no  considerable  output 
was  ever  obtained  from  any  of  these 
mines,  and  the  fuel  required  in  the  many 
departments  of  industrial  and  political 
life  has  continued  to  be  drawn  largely 
from  Australia  and  Japan. 

"These  conditions  exist  to  a  great  de- 
gree at  present,  and  though  much  inter- 
est in  the  coal-deposits  of  the  Philip- 
pines has  been  aroused  within  the  last 
few  years,  and  considerable  development- 
work  has  been  carried  on,  there  is  now 
but  one  mine  regularly  supplying  coal  to 
the  trade.  This  mine,  operated  by  A.  U. 
Betts,  on  the  southeast  coast  of  Batan 
Island,  began  in  a  very  primitive  way 
in  the  latter  part  of  1906,  and  when 
visited  in  the  spring  of  1907  had  a  daily 
capacity  of  about  25  tons.  All  of  this 
output  was  taken  by  local  steamers  and 
had  no  effect  on  the  general  market. 

"The  present  annual  consumption  of 
coal  in  the  Philippines  approximates 
350,000  long  tons.  Of  this  amount,  300,- 
000  tons  is  imported  from  Australia  and 
Japan  for  use  by  inter-island  steamers, 
railroads,  factories,  ice-  and  distilling- 
plants,  etc. ;  the  remaining  50,000  tons  is 
high-grade  steam-coal,  chiefly  from  the 


Pocahontas  field  in  Virginia  and  West 
Virginia,  which  is  brought  'around  the 
Horn'  for  use  by  the  United  States  Navy, 
and  with  which  the  native  coal  cannot 
hope  to  compete. 

"Consumption  is  increasing  yearly  as 
new  railroads  are  completed,  new  indus- 
trial plants  installed,  and  both  foreign 
and  inter-island  commerce  increased  un- 
der the  aggressive  policy  of  American 
interests  now  developing  in  all  parts  of 
the  archipelago.  It  is  expected  that, 
within  the  next  four  years,  650  miles  of 
railroad  will  be  operating  in  Luzon  and 
the  Visayan,  or  central,  belt  of  islands, 
a  mileage  more  than  four  times  as  great 
as  that  now  in  use.  Several  hundred 
steamers  call  at  the  various  ports  eacli 
year,  most  of  which  now  coal  in  foreign 
harbors  with  high-priced  fuel  of  a  grade 
not  greatly  superior  to  that  found  in 
several  of  the  Philippine  fields.  An  an- 
nual consumption  of  more  than  500,000 
tons  within  the  next  five  years  seems, 
therefore,  to  be  a  conservative  estimate, 
which  will  assure  a  home-market  for 
the  output  of  several  large  coal-mines. 

"The  native  coal  is  somewhat  inferior 
to  imported  coals,  owing  to  its  generally 
higher  percentage  of  moisture  and  con- 
sequent lower  calorific  value;  neverthe- 
less, it  is  believed  that  the  better  grades 
can  be  substituted  in  every  place  where 
Australian  and  Japanese  coal  is  now 
used.  This  fact,  in  connection  with  the 
well-based  estimate  that  native  coal  can 
be  delivered  In  the  principal  ports  of  the 
archipelago  at  a  price  of  from  50  to  60 
per  cent,  of  the  lowest  prices  of  com- 
peting foreign  coals,  leads  to  the  con- 
clusion that  well-managed  mining  opera- 
tions in  the  better  native  fields  should 
have  no  difficulty  in  disposing  of  their 
output,  and  eventually  in  dominating  the 
home-market,  in  addition  to  the  possi- 
•bilities  of  building  up  a  subordinate  trade 
with  the  neighboring  ports  of  Singapore, 
Hongkong,  and  Shanghai,  all  consumers 
of  large  quantities  of  Australian  and 
Japanese  coal. 

"There  has  been  considerable  specula- 
tion on  the  part  of  those  interested  in 
mining  and  other  industrial  operations  in 
the  Philippines  as  to  the  suitability  of 
the  Filipino  as  ti  laborer.  Until  recently 
the  opinion  prevailed  tb^t  be  was  too 
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indolent  and  irresponsible  and  had  too 
many  'feast-days'  on  his  calendar  to 
make  an  efficient  and  reliable  miner  or 
day-laborer. 

"This  early  belief  is  fading  out  in  the 
light  of  experience,  and  large  and  im- 
portant contracts  for  harbor-improve- 
ments, railroad-construction,  and  other 
public  works  are  being  successfully  car- 
ried out  by  those  employing  thousands 
of  natives  as  unskilled  laborers.  In  the 
old  Spanish  mines  natives  were  em- 
ployed extensively,  and  in  the  prelimi- 
nary prospecting  and  mining  now  being 
conducted  in  various  places  Filipinos  are 
employed  both  underground  and  on  the 
surface. 

''Undoubtedly,  the  native  miner  will 
not  prove  as  strong  or  as  efficient  as  the 
Japanese  or  American  miner;  but  neither 
will  he  expect  as  much  pay,  and,  if  fairly 
treated  and  directed  by  white  bosses,  he 
will  probably  put  out  more  coal  per  dol- 
lar of  wages  received  than  the  more 
skillful  miner,  and  be  a  peaceful  and  per- 
severing worker. 

"Wages  vary  considerably  in  different 
localities,  due  to  the  varying  density  of 
population  and  the  natural  resources  of 
the  district.  In  the  island  of  Cebu, 
which  is  very  thickly  settled  by  relatively 
poor  inhabitants,  the  unskilled  laborer 
receives  30  cents  per  lo-hour  day,  while 
the  more  responsible  positions — such  as 
watchmen,  firemen,  blacksmith  and  car- 
penter helpers — pay  from  50  cents  to  $1 
per    lo-hour   day.      In    southern   Luzon, 


wliCiC  there  is  a  great  demand  for  labor- 
ers in  the  hemp-plantations  and  ware- 
houses, wages  are  about  double  those 
paid  in  Cebu. 

"It  is  impossible  to  estimate  very  accu- 
rately what  will  be  the  ultimate  cost  of 
mining  in  any  one  field,  both  by  reason 
of  the  insufficient  data  as  to  the  struc- 
ture and  character  of  the  rock-strata 
and  coal-seams,  and  because  no  accurate 
costs  of  the  various  items  involved  can 
be  obtained  from  mines  in  actual  opera- 
tion under  like  conditions.  Assuming  a 
steeply-dipping  seam  of  7  feet  thickness, 
modern  mining-methods,  wages  approxi- 
mating those  now  paid  in  Cebu,  and  a 
daily  output  of  500  tons,  it  is  believed 
that  coal  can  be  delivered  at  the  mine- 
mouth   for  $1    per  ton. 

"Transportation  and  storage  charges 
would  vary  with  each  locality,  and  would 
have  to  be  computed  especially  for  the 
case  in  hand.  As  a  general  rule,  how- 
ever, coal  from  any  of  the  known  fields 
in  the  islands  should  be  put  in  Manila 
harbor  at  a  cost  not  exceeding  $2.50  a 
ton,  where  it  would  have  to  compete  with 
foreign  coal,  of  25  per  cent,  great  calor- 
ific power,  selling  under  normal  condi- 
tions at  from  $4  to  $4.50  per  ton.  (Since 
the  Russo-Japanese  war.  Australian  coal 
has  monopolized  the  Philippine  market, 
with  a  consequent  increase  in  price  to 
$5.90  per  ton  in  1906.)  On  this  basis  of 
relative  cost  and  fuel-efficiency,  it  seems 
as  though  successful  competition  with 
foreign  fuel  would  not  be  difficult." 


THE   ELECTROLYTIC    RECOVERY   OF   ZINC. 

A  DESCRIPTION   OF  A  SUCCESSFUL  PROCESS  FOR  THE  RECOVERY   OF  PURE  ZINC  FROM   ORES 
BY  ROASTING,   LEACHING   AND   ELECTROLYTIC   DEPOSITION. 

Walter  Stoeger — The  Mining  Journal. 


A  GREAT  deal  of  research  has  been 
expended  during  recent  years  in 
the  endeavor  commercially  to  ap- 
ply the  electric  current  to  the  reduction 
of  zinc  from  its  ores  in  both  electro- 
thermic  and  electrolytic  processes.  The 
extraction  in  the  ordinary  processes  of 
zinc  metallurgy  is  very  unsatisfactory ; 
in  fact,  low  grade  ores  cannot  be  worked 
at  a  profit  at  all.  The  electric  furnace, 
with  its  high  temperatures  and  continu- 
ity of  operation,  is  able  to  effect  a  some- 


what higher  extraction  than  that  ob- 
tained in  the  older  processes,  but  the 
product  requires  so  much  further  treat- 
ment that  the  electrothermic  process 
really  amounts  to  nothing  more  than  an 
enrichment.  It  is  at  best  a  very  expen- 
sive method  of  reduction.  The  wet  elec- 
trolytic processes  gave  much  promise  of 
success  but  the  difficulties  which  devel- 
oped in  practice  have  prevented  their 
commercial  application.  Only  one  ot 
the  wet  processes  so  far  proposed,  says 
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Herr  Walther  Stoeger  in  The  Mining 
Journal  for  January  30,  has  proved  a 
practical  and  commercial  success.  We 
give  a  brief  abstract  of  his  description. 

"The  only  processes  admitting  of  sim- 
ple application  are  those  employing  sul- 
phuric acid.  Broadly  speaking,  the 
modus  operandi  of  these  processes  is  as 
follows:  Zinc  blende  is  roasted,  and  is 
Chen  lixiviated  with  dilute  sulphuric  acid, 
calamine  being  treated  direct  with  the 
acid.  The  liquor  is  carefully  purified, 
and  the  zinc  is  deposited  by  the  electric 
current,  the  zinc-free  acid  liquor  being 
used  over  again  for  fresh  quantities  of 
ore.  Though  the  entire  process  is  ap- 
parently simple,  numerous  difficulties 
arise  in  connection  with  its  various  de- 
tails, with  the  result  that  only  the  pro- 
cess described  below  has  been  found 
to  stand  the  test  of  practical  application. 

"The  method  of  roasting  for  other 
sulphuric  acid  processes  differs  from  the 
usual  metallurgical  practice,  inasmuch  as 
zinc  sulphate,  not  being  reduced  to  the 
metallic  state  by  distillation,  its  forma- 
tion must  be  prevented  as  far  as  possible, 
in  order  to  avoid  loss  of  metal.  In  the 
process  now  under  consideration,  how- 
ever, the  resulting  zinc  sulphate,  so  far 
from  being  detrimental,  is  really  desir- 
able, since  its  enables  the  loss  of  sul- 
phuric acid  to  be  counteracted  to  a 
greater  or  smaller  extent.  If  the  con- 
sumption of  sulphuric  acid  be  high.-  the 
ore  is  preferably  roasted  in  thick  layers 
at  a  moderate  temperature,  in  order  to 
increase  the  formation  of  sulphate;  but 
where  the  consumption  of  acid  is  small, 
a  portion  of  the  ore  is  roasted  somewhat 
more  strongly,  so  as  to  obtain  a  quantity 
of  sulphate  corresponding  to  the  acid 
consumption,  and  to  avoid  an  excess  of 
acid.  Owing  to  the  relatively  low  roast- 
ing temperature,  the  consumption  of  fuel 
is  small  (about  to  per  cent,  of  the  weight 
of  the  ore)  ;  and  as  the  wear  and  tear 
of  the  furnace  fittings  is  reduced,  me- 
chanical furnaces  can  be  employed  with 
advantage.  Moreover,  the  low  tempera- 
ture prevents  any  loss  of  zinc  or  silver 
by  volatilisation.  Ores  that  sinter  at  the 
usual  high  roasting  temperature,  and 
thus  resist  the  extraction  of  thj  sulphate, 
can  be  worked  up  without  difficulty  by 
the  electrolytic  process. 


"In  the  case  of  ferruginous  ores,  it  is 
essential  that  no  ferrous  oxide  should  be 
formed  in  the  roasted  product,  but  only 
ferric  oxide.  Provided  the  roasting  be 
properly  conducted,  the  higher  oxide  is 
invariably  formed;  and  therefore  the 
presence  of  iron  is  not  a  source  of  diffi- 
culty; ferric  sulphate  being  decomposed 
at  a  relatively  low  temperature  is  absent 
from  the  finished  product. 

The  leaching  process  is  carried  on  in 
a  systematic  manner,  the  acid  from  the 
storage  tanks  acting  first  on  the  partly 
extracted  ore  and  lastly  on  the  fresh  ore. 
Prolonged  contact  of  the  ore  and  acid  is 
not  advisable;  it  is  found  that  a  thor- 
ough mixing  of  the  two  by  wooden  stir- 
rers gives  much  better  results.  The  sepa- 
ration of  the  ore  and  liquor  is  effected 
by  aspiration  or  in  filter  presses.  The 
ore  is  thoroughly  washed  with  water  but 
a  certain  amount  of  acid  is  always  lost 
in  the  residue.  Soluble  gangue  constitu- 
ents also  consume  a  certain  quantity  of 
acid.  In  the  case  of  zinc  blende  with 
only  a  small  amount  of  soluble  gangue, 
the  loss  of  acid  in  this  way  may  be  com- 
pensated for  by  the  zinc  sulphate  formed 
by  careful  roasting;  with  calamine  and 
with  blende  in  gangue  high  in  soluble 
constituents,  however,  an  addition  of 
sulphuric  acid  will  always  be  necessary. 
An  accurate  estimate  of  the  amount  of 
acid  necessary  in  an  extreme  case,  a 
calamine  ore,  containing  7  per  cent,  of 
zinc  in  a  lime  gangue,  allov/s  2  tons  of 
acid  per  ton  of  pure  zinc  produced. 

The  purification  of  the  liquor  is  a 
simple  matter.  Lead  does  not  go  into 
solution  at  all.  Any  ferrous  oxide  pres- 
ent can  be  converted  into  ferric  oxide 
by  blowing  air  through  the  solution,  final 
traces  being  oxidised  by  the  addition  of 
a  little  perrnanganate.  The  ferric  oxide 
is  precipitated  by  the  zinc  oxide  in  the 
ore  provided  the  leaching  is  conducted 
in  the  manner  indicated  above.  Other 
metals,  such  as  copper,  cadmium,  arsenic, 
etc.,  usually  present  in  only  small  quanti- 
ties, are  precipitated  by  hydrogen  sul- 
phide. Any  silver  present  in  the  ore  is 
left  in  the  residue  from  which  it  may  be 
recovered  easily  by  further  leaching. 

"The  foregoing  methods  of  purification 
eliminate  all  extraneous  metals  in  the 
liquor  except  manganese,  which  cannot 
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be  precipitated  unless  by  methods  that 
are  too  troublesome  to  carry  out  in  prac- 
tice. Although  in  most  cases  the  per- 
centage of  manganese  in  the  ore  is  low, 
it  soon  collects  in  the  liquor  during  the 
repeated  use  of  the  latter,  and  conse- 
quently the  electrolysis  must  be  conduct- 
ed in  such  a  manner  that  the  manganese 
cannot  do  any  harm".  If  manganiferous 
zinc  lyes  are  electrolysed  by  the  aid  of 
insoluble  anodes — such  as  are  necessary 
in  the  recovery  of  zinc — without  the 
adoption  of  special  precautions,  the 
liquor  very  soon  turns  a  dark  red  colour, 
owing  to  the  production  of  perm^anganic 
acid  by  the  nascent  oxygen  liberated  at 
the  anode.  The  zinc  deposited  on  the 
cathode  is  corroded  by  this  acid,  and  is 
eaten  into  holes  that  increase  even  while 
the  current  is  passing,  so  that  the  re- 
covery of  zinc  becomes  impossible  by  this 
means.  This  inconvenience,  however, 
may  be  obviated  by  the  method  patented 
by  Dr.  Laszczynski,  and  largely  em- 
ployed in  the  electrolytic  recovery  of 
copper,  without  any  necessity  for  having 
recourse  to  diaphragms  or  other  compli- 
cated devices. 

"When  the  anode  is  covered  with  a 
close-fitting  layer  of  some  fabric  that  is 
permeable  to  liquids,  the  liquid  will  re- 
main perfectly  colourless  throughout  the 
electrolysis,  that  is  to  say,  no  perman- 
ganic acid  is  formed,  and  the  zinc  is  de- 
posited in  a  pure  state,  and  to  a  quanti- 
tative extent  closely  approximating  to 
the  theoretical  yield  furnished  by  the  cur- 
rent em.ployed.  This  result  is  due  to  the 
circumstance  that  the  liquid  in  the  wrap- 
ping is  in  a  perfect  state  of  quiescence, 
even  though  the  remainder  of  the  elec- 
trolyte be  in  motion,  and  that  the  man- 
ganese sulphate  cannot  be  oxidised  to 
permanganic  acid  except  in  the  immedi- 
ate vicinity  of  the  anode,  this  being  the 
only  place  where  nascent  oxygen  is  to  be 
found.  Moreover,  manganese  ions  are 
cathions,  and  therefore  travel  toward  the 
cathode,  so  that,  in  a  comparatively  short 
time  after  the  completion  of  the  circuit, 
no  manganese  is  present  in  the  immediate 
vicinity  of  the  anode.  Now  the  fabric 
retains  the  liquid  firmly,  so  that  no  fresh 
manganiferous  liquor  can  reach  the  elec- 
trode, and  consequently  none  of  the  man- 
ganese can  be  converted  into  perman- 


ganic acid  there.  Since  this  is  the  case, 
as  is  evidenced  by  the  colour  of  the 
liquor,  the  corrosion  of  the  zinc  by  per- 
manganic acid  is  precluded. 

"The  vats  for  the  electrolytic  i^rocess 
are  constructed  of  wood,  lint  J  with  lead, 
and  eight  cathodes  and  nine  anodes  are 
suspended  in  each.  The  cathodes  arc  of 
zinc,  and  are  connected  to  a  wooden 
traverse  by  strips  of  conductive  material. 
The  anodes  are  of  sheet  lead,  and  are 
wrapped  in  a  close-fitting  cover  of  suit- 
able fabric,  being  also  suspended  from  a 
wooden  traverse.  The  current  leads  are 
formed  by  copper  rails,  mounted  on  the 
sides  of  the  vat,  one  of  them  being  pro- 
vided with  branches  leading  to  the 
cathodes,  and  the  other  with  branches 
leading  to  the  anodes.  Stirrers,  operated 
by  a  crank  shaft,  are  arranged  between 
the  anodes  and  cathodes. 

"The  bath  works  with  a  current  of 
1,500  amperes  and  4  volts,  and  the  daily 
output  of  zinc  amounts  to  91.3  pounds. 
Since  it  is  not  advisable  to  stop  the  flow 
of  current  for  long,  day  and  night  shifts 
are  necessary,  though  the  current  may  be 
reduced  occasionally —  e.g.,  in  the  event 
of  one  of  the  working  motors  getting  out 
of  order.  The  baths  are  coupled  in 
series,  in  groups  of  about  thirty  units. 
They  are  charged  with  zinc  sulphate  so- 
lution, containing,  for  instance,  10  per 
cent,  of  zinc,  and  the  current  is  allowed 
to  flow  through  this  electrolyte  until  the 
zinc  content  has  fallen  to  about  4  per 
cent.  The  acid  previously  in  combina- 
tion v/ith  the  now  deposited  zinc  has  been 
liberated,  so  that  the  liquor  contains 
about  9  per  cent,  of  free  sulphuric  acid. 

"This  final  acid  liquor  is  drawn  off  and 
replaced  by  a  fresh  charge,  and  the 
process  is  repeated  until  the  cathodes 
have  attained  a  thickness  of  H  to  i>s 
inches,  whereupon  they  are  taken  out 
and  are  cleaned  ready  for  sale,  fresh 
cathode  plates  being  inserted  in  the  vat, 
and  the  entire  series  of  operations  re- 
newed. Accurate  analyses  of  metal  cur 
from  the  corner  of  a  plate  showed  a 
zinc  content  of  99.97  per  cent.,  so  that 
the  metal  is  unusually  pure,  and  will 
therefore  command  a  high  price." 

The  consumption  of  energy  is  about 
145  watts  per  kilogramme,  or  147.32  kilo- 
watts per  long  ton,  of  zinc  produced  per 
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day  of  twenty-four  hours.  For  a  plant 
turning  out  one  long  ton  of  electrolytic 
zinc  per  day  about  250  horse  power 
would  be  required  for  all  purposes;  one 
horse  power  year  (350  working  days) 
will  produce   1.4  tons.     The  process   is 


particularly  adapted  to  districts  where 
electricity  can  be  generated  cheaply  from 
water  power,  but  it  is  much  more  prac- 
ticable for  low-grade  ores  than  the  older 
processes  even  Vv'hen  water  power  is  not 
available. 


POWER   FROM   COPPER    BLAST-FURNACE   GAS. 

THE  UTILIZATION  OF  THE  FLUE  GASES   IN   GAS   ENGINES    IN   THE    MANSFIELD   DISTRICT. 

Robert  Schorr — The  Engineering  and  Mining  Journal. 


AN  important  feature  of  the  copper- 
smelting  practice  in  the  famous 
Mansfield  district,  near  Eisleben, 
Germany,  is  the  attention  given  to  the 
recovery  and  utilization  of  by-products. 
The  ores  are  comparatively  low-grade, 
the  average  yield  per  ton  of  the  676,414 
tons  charged  in  1907  being  2.847  P^^ 
cent,  copper  and  0.0155  per  cent,  silver, 
and  the  mining  and  reduction  costs  are 
very  high,  about  $9  per  ton.  The  re- 
covery of  waste  products  has  been  so 
highly  developed  that  in  1907  the  total 
revenue  from  the  sale  of  slag  brick, 
sulphuric  acid  and  ferrous  sulphate 
amounted  to  almost  3,000,000  marks. 
One  of  the  latest  developments  is  the  ap- 
plication of  the  blast-furnace  gases  to 
driving  gas  engines.  We  take  the  fol- 
lowing description  of  the  plant  and  of  its 
results  from  an  article  by  Robert  Schorr 
in  The  Engineering  and  Mining  Journal 
for  February  27. 

*Tn  former  years  the  waste  furnace 
gases  were  used  for  raising  steam  and 
for  heating  the  blast.  The  furnace 
gases  at  the  Krug,  Koch  and  Eckardt 
works  have  a  heating  value  of  from  590 
to  630  calories  per  cubic  metre,  but  in 
the  Kupfcr-Kammer  works  they  are 
considerably  poorer.  So  far  only  the 
Krug-hiitte  has  been  equipped  with  gas 
engines.  These  are  directly  connected 
with  electric  generators  which  furnish  a 
three-phase  current  of  50  cycles  and 
3,000  volts.  Underground  cables  are 
employed  for  distribution.  The  Krug 
furnaces  smelt  at  an  average  of  636  tons 
of  ore  daily  or  26V2  tons  an  hour.  For 
every  ton  of  ore  approximately  800  cubic 
metres  or  28,250  cubic  feet  of  gas  are 
evolved,  or  21,000  cubic  metres,  748,680 
cubic  feet,  per  hour  for  the  whole 
charge.     These  quantities  vary  to  some 


extent,  depending  entirely  upon  how  the 
furnaces  are  operated. 

"The  gas  supply  is  fairly  steady,  as  it 
is  aimed  never  to  have  more  than  one  of 
the  four  furnaces  cut  off  from  the 
mains;  it  is  necessary  to  cut  off  the 
furnace  while  feeding.  The  average 
heat  value  of  these  gases  is  600  calories 
per  cubic  metre,  or  about  68  B.  t.  u. 
per  cubic  foot.  This  is  about  two-thirds 
of  the  calorific  value  of  an  average  gas 
from  iron  blast  furnaces,  which  always 
contains  i}^  io  2  per  cent,  of  hydrogen; 
copper-furnace  gas  carries  no  hydrogen 
and  consists  of  9.2  to  10.8  per  cent,  car- 
bon dioxide,  19  to  24  per  cent,  carbon 
monoxide,  the  remainder  being  nitrogen. 
The  fluctuation  in  heat  value  amounts  to 
about  10  per  cent. 

"In  view  of  the  large  power  expendi- 
ture required  for  cleaning  the  gas  and 
for  the  compressing  of  such  lean  charges 
in  the  engine  itself,  it  will  not  be  safe  to 
figure  on  less  than  2700  calories,  or  10,- 
711  B.t.u.  per  effective  horsepower-hour, 
corresponding  to  a  gas  supply  of  45^ 
cubic  metres,  or  159  cubic  feet.  The 
heat  equivalent  of  one  horsepower  being 
yT^6  calories  or  2545  B.t.u.,  we  have  2545 
■=^  E.  10,711  or  the  thermal  efficiency  of 
the  gas  engine  E.  =  23.76  per  cent. 
Better  performances  are  on  record,  es- 
tablished by  careful  tests  made  under 
ordinary  conditions  and  without  previ- 
ous cleaning  of  valve  chests  and  cylin- 
ders. Since  21,200  cubic  metres  of  gas 
is  available  per  hour,  this  represents  a 
total  of  21,200  -^  4.5  =  4700  hor^power 
equivalent  or  continuously  7.4  horse- 
power equivalent  for  every  ton  of  ore 
treated  in  24  hours.  The  powfer  equiva- 
lent for  every  ton  of  copper  made  in 
24  hours  is  then  7.4  X  37  =  273.8  horse- 
power, since  37  tons  of  ore  are  smelted 
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for  every  ton  of  copper  produced.  In 
all  more  than  41,000,000  horsepower 
hours,  or  more  than  30,000,000  kilowatt- 
hours  could  be  generated  at  tlie  Krug- 
hiitte  alone. 

"The  gas  as  it  leaves  the  four  furnaces 
is  entirely  unsuitable  for  direct  use  in 
gas  engines,  because  it  contains  17 
grams  of  dust  per  cubic  metre,  and  also 
sulphur,  arsenic,  potassium,  cyanide,  etc. 
It  is  therefore,  first  cleaned,  the  two  gas 
mains  feeding  from  the  furnaces  to 
Theisen  gas  washers.  There  are  three 
washers  housed  in  one  building;  two 
have  a  capacity  of  6500  cubic  metres  of 
gas  per  hour  each,  and  one  is  built  for 
15,000  cubic  metres.  This  makes  a  total 
capacity  for  the  whole  installation  of 
28,000  cubic  metres  of  gas  per  hour.  The 
temperature  of  the  entering  gases  is  about 
300  degrees  C.  or  752  degrees  F.  About 
25  gallons  of  water  are  required  for 
every  1,000  cubic  feet  of  gas,  or  about 
three  litres  per  cubic  metre.  The  power 
consumption  for  every  1,000  cubic  metres 
is  at  an  average  6  horsepower,  or  above 
2^  per  cent,  of  the  power  represented 
by  the  purified  gases. 

"The  gas  contains,  after  cleaning,  only 
0.003  to  0.005  gram  solid  matter  per 
cubic  metre.  The  water  from  the  wash- 
ers is  run  into  large  settling  tanks,  the 
deposits  in  which  carry  up  to  25  per  cent, 
lead.  The  deposits  are  filter-pressed  and 
treated  for  lead  and  silver  v/ith  the  bal- 
ance of  the  flue  dust,  as  obtained  from 
the  chambers  in  the  furnace  building. 

"In  the  original  installation,  the  gases, 
after  leaving  the  washing  plant,  were 
passed  into  a  gasholder  of  500  cubic 
metres  capacity.  More  recently  a  second 
holder  of  400  cubic  metres  has  been  ad- 
ded, and  also  gas  filters  placed  at  the 
engine  house.  These  filters  are  similar 
in  construction  to  an  ordinary  scrubber, 
but  they  are  arranged  horizontally,  and 
instead  of  wooden  trays,  beds  of  iron 
turnings  are  placed  vertically  at  inter- 
vals. The  gas  leaves  the  filters  with  a 
temperature  of  21  degrees  C,  and  it  is 
under  a  pressure  varying  from  i  to  5 
centimetres  of  water  column. 

"The  first  installation  of  two  125- 
horsepower  four-cycle  Korting  gas  en- 
gines has  been  working  almost  steadily 
since   1901.     The  two   1,300-horsepower 


Oechelhauser-Borsig  engines  operate  on 
a  two-cycle,  and  are  single  acting.  They 
have  been  continuously  in  commission, 
day  and  night,  for  more  than  y/z  years. 
The  latest  addition  is  an  1,800-horse- 
power  two-cycle  Korting  engine  built  by 
the  Klein  Engineering  Works  of  Dom- 
bruch.  This  unit  was  completed  last 
April,  was  placed  in  service  June  9,  1908, 
and  has  since  run  satisfactorily.  This 
completes  the  original  plan  for  the 
Krug-hiitte  gas-engine  central  station, 
bringing  it  up  to  a  rated  capacity  of  4,650 
horsepower.  The  new  large  engine  has 
a  stroke  of  1,300  millimetres  and  is  de- 
signed for  86  revolutions  per  minute; 
the  1,300-horsepower  engines  have  a 
stroke  of  950  millimetres,  and  make  125 
revolutions  per  minute.  All  engines  are 
directly  connected  to  three-phase  gen- 
erators of  50  cycles  and  3000  volts.  The 
two  smaller  engines  are  in  a  separate 
building. 

"Much  trouble  has  been  caused  by 
fluctuations  in  the  percentage  of  carbon 
monoxide  and  carbon  dioxide.  As  Ions: 
as  the  ratio  CO2:  CO  is  in  the  neighbor- 
hood of  I  :  2  the  engines  work  per- 
fectly, the  compression  averaging  16 
atmospheres,  or  227.6  pounds  per  square 
inch.  This  is  very  high,  and  only  pos- 
sible with  poor  gas,  without  causing 
premature  explosions.  The  work  of 
compression  is  correspondingly  high, 
amounting  to  about  9  per  cent,  of  the 
cylinder  duty.  The  pressure  of  explo- 
sion is  25  atmospheres,  or  355  pounds 
per  square  inch. 

"To  assure  a  uniform  quality  of  gas, 
or  to  permit  enrichment  in  the  case  of  a 
sudden  rise  in  carbon  dioxide,  the  com- 
pany has  installed  quite  recently  two 
Pintch  gas  generators  with  a  combined 
capacity  of  3,000  cubic  metres  per  hour. 
Locomotive  cinders,  which  average 
about  3.500  calories  per  kilogram,  or 
6,300  B.t.u.  per  pound,  are  employed  with 
coke  breeze  in  the  proportion  of  three  to 
one,  the  cost  of  enrichment  being  only 
2  pfennigs  per  kilowatt-hour.  These 
g'^nerators  are  arranged  for  hand  feed- 
ing. The  generator  gases  pass  through 
coolers  and  scrubbers,  as  in  the  usual 
standard  gas  plant,  to  remove  tar, 
ammonia,  etc.  In  view  of  the  small 
quantity    of    gas     which    will    be     re- 
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quired  for  the  enrichment  of  the  blast 
furnace  gases,  there  may  have  been  no 
necessity  to  go  to  this  complication  and 
expense.  It  is  also  contemplated  to 
use  at  times  coke  breeze  and  brown- 
coal  coke  screenings  instead  of  locomo- 
tive cinders. 

"The  gas-engine  plant  of  the  Krug- 
hiitte  has  been  utilized  to  less  than  its 
full  capacity,  in  order  to  avoid  tempo- 
rary overloads  caused  by  the  many  and 
widely  distributed  secondary  movers.  In 


spite  of  this  the  financial  result  has  been 
rather  satisfactory.  The  total  expendi- 
ture for  operating  and  fixed  charges  in 
1907  amounted  to  122,512  marks,  equal 
to  about  0.67  cents  per  kilowatt-hour. 
The  results  in  1906  were  a  little  better, 
figuring  0.51  cents  per  kilowatt-hour,  or 
about  $33  per  horsepower-year.  With 
the  full  plant  in  operation  the  average 
yearly  load  factor  will  be  considerably 
higher,  and  a  further  marked  reduction 
in  the  power  cost  will  be  effected." 


BRIQUETTED   COAL   AS  A   LOCOMOTIVE   FUEL. 

RESULTS    OF    A    SERIES     OF    COMPARATIVE    TESTS     OF    NATURAL     COAL     AND     BRIQUETTES 

OF   THE   SAME   COAL   PREVIOUSLY   CRUSHED. 

United  States  Geological  Survey. 


BULLETIN  363  of  the  United  States 
Geological  Survey,  recently  is- 
sued, gives  the  results  of  elaborate 
tests  of  run-of-mine  and  briquetted 
coal  on  locomotives  and  torpedo  boats, 
made  by  the  Technologic  Branch  of 
the  Survey,  a  review  of  previous 
investigations  of  the  same  kind,  and 
specimen  specifications  employed  in  the 
purchase  of  briquetted  fuel  by  cer- 
tain foreign  railways.  The  locomotive 
tests,  carried  out  at  the  testing  plant  of 
the  Pennsylvania  Railroad  at  Altoona, 
were  designed  to  show  the  comparative 
values  of  raw  coal  and  briquettes  of  the 
same  coal  previously  crushed.  Some  very 
interesting  results  have  been  obtained, 
of  which  we  give  a  brief  summary  taken 
from  an  abstract  of  the  report  of  the 
engineer  in  charge  in  the  Railroad  Age 
Gazette  for  February  5. 

"Many  low-volatile  coals  are  semi- 
smokeless  and  therefore  very  desirable 
for  use  in  locomotives  at  or  neai  ter- 
minals ;  nevertheless,  on  account  of  their 
low  evaporative  efficiency,  they  have,  not 
been  found  altogether  satisfactory  when 
used  as  a  locomotive  fuel.  Their  ten- 
dency to  disintegrate  rapidly  on  the  grate 
during  combustion  causes  large  quanti- 
ties of  cinders  and  sparks  of  high  calor- 
ific value  to  be  discharged.  These  cin- 
ders accumulate  in  the  smoke  box  of  the 
locomotive,  obstruct  the  draft  and  reduce 
the  capacity  of  the  boiler.  The  investi- 
gation here  reported,  therefore,  was  un- 
dertaken to  determine  in  what  measure. 


if  any,  the  process  of  briquetting  will 
serve  as  a  remedy  for  these  defects  and 
to  discover  the  effect  of  the  process  on 
efficiency  and  capacity. 

"The  coal  selected  for  the  tests  was 
taken  from  a  mine  near  Lloydell,  Cam- 
bria County,  Pa.  The  Lloydell  coal  is  a 
very  friable,  low-volatile  bituminous 
coal,  and  the  carloads  selected  for  the 
tests  consisted  of  run-of-mine.  The  coal 
was  exposed  to  the  weather  for  30  days 
on  the  way  to  the  St.  Louis  testing  plant, 
before  being  briquetted.  It  showed  but 
little  change  due  to  this  exposure  except 
a  decided  increase  in  moisture,  which, 
however,  was  eliminated  in  the  briquet- 
ting  process. 

"The  briquettes  tested  were  of  two 
sizes,  and  the  amount  of  binding  mate- 
rial in  them  ranged  from  5  to  8  per 
cent.  The  larger  size,  called  in  the  tests 
square,  was  rectangular  in  form,  about  3 
inches  by  4j4  inches  by  6^  inches,  with 
slightly  rounded  corners,  and  weighed 
about  3^  pounds.  The  smaller  size  of 
briquettes,  called  'round,'  was  cylindrical 
with  convex  ends,  had  a  diameter  of 
about  3  inches  and  a  length  over  the 
convex  ends  of  2  inches  and  weighed 
about  1/2  pound.  The  binding  material 
in  all  the  briquettes  was  water-gas  pitch. 
This  material  was  furnished  at  the  bri- 
quetting plant  of  the  United  States  Ge- 
ological Survey,  in  St.  Louis,  at  $9  per 
ton,  or  0.45  cent  per  pound.  The  least 
amount  of  binding  material  that  would 
make  perfect  briquettes  was  found  to  be 
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5  per  cent,  of  the  weight  of  the  coal.  The 
cost  of  the  binder  in  one  ton  of  the  5 
per  cent,  briquettes  was  therefore  $0.45. 

"The  cost  of  briquetting,  including  all 
charges,  is  estimated  to  be  about  $1  per 
ton  of  briquettes;  that  is,  the  briquetting 
added  approximately  $1  per  ton  to  the 
cost  of  the  coal.  The  briquettes  were 
made,  however,  in  an  experimental  plant, 
and  the  price  is  for  this  reason  prob- 
ably not  so  low  as  if  they  had  been  made 
on  a  much  larger  scale.  In  the  process 
employed  the  binding  material  is  mixed 
with  the  crushed  coal,  the  mass  is  soft- 
ened by  contact  with  steam  as  it  passes 
to  the  briquetting  press,  and  the  bri- 
quette is  finally  formed  in  a  compressing 
machine. 

'The  locomotive  used  for  all  tests  was 
a  simple  Atlantic  (4-4-2)  type  passenger 
locomotive  of  the  Pennsylvania  Rail- 
road, class  E2a.  This  engine  had  cylin- 
ders 20.5  inches  diameter,  with  a  piston 
stroke  of  26  inches.  Its  firebox  heating 
surface  was  156.86  square  feet  and  the 
tubes  2,162.4  square  feet;  totaling 
3,319.26  square  feet.  The  steam  pres- 
sure was  205  pounds  per  square  inch. 
In  order  to  obtain  results  covering  all 
practical  rates  of  evaporation  up  to  the 
limit  of  the  boiler  capacity,  tests  were 
made  with  each  style  of  briquettes  and 
with  the  natural  coal  under  the  following 
conditions  of  running:  First,  a  low 
evaporation  test  at  80  revolutions  per 
minute  and  15  per  cent,  cut-off;  then  a 
high  evaporation  test  of  120  revolutions 
per  minute  and  20  per  cent,  cut-off;  next 
a  still  higher  evaporation  test  at  160  revo- 
lutions per  minute  and  25  per  cent,  cut- 
off; and  finally  a  test  made  at  the  maxi- 
mum possible  evaporation.  With  the 
Comparison  of  Coal  and  Briquett 

Evaporation  per  square  foot  heating  surface  per  houi 
Equivalent  evaporation  per  pound  of  fuel: 

Natural    Lloydell    coal 

Briquetted  Lloydell  coal 


matter  and  ash  than  the  briquettes  from 
the  same  coal.  The  calorific  value  per 
pound  of  dry  fuel  seems  to  be  greater 
for  the  natural  coal  than  for  the  bri- 
quettes, notwithstanding  the  fact  that 
the  binder  used  in  making  the  briquettes 
has  a  higher  heating  value  than  the  coal. 
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In  the  diagram  above  is  shown  the 
equivalent  evaporation  per  pound  of  dry 
coal  plotted  against  the  rate  of  combus- 
tion. The  figure  presents  a  comparison 
under  the  same  test  conditions  between 
the  natural  Lloydell  coal  and  the  same 
coal  briquetted.  It  shows  that  a  well  de- 
fined improvement  in  the  evaporation  per 
pound  of  fuel  is  obtained  by  briquetting. 
When  the  comparison  is  made  on  the 
basis  of  evaporation  per  square  foot  of 
heating  surface,  the  better  results  for 
briquetting  are  further  emphasized.  The 
following  table  derived  from  a  diagram 
plotted  on  this  basis  gives  a  comparison 
of  the  different  fuels  at  equal  rates  of 
evaporation.  The  diagram  shows  that 
the  maximum  evaporation  possible  with 
the  natural  Lloydell  coal  is  16  pounds 
per  square  foot  of  heating  surface  per 
hour,  but  with  the  same  coal  briquetted 
the  evaporation  is  more  than  19  pounds. 
Es  AT   Equal  Rates  of  Evaporation. 


9.5 
10.7 


10 


10.2 


-Pounds 

12  14 


8.0 
9.7 


7.3 
9.2 


briquetted  coal  this  maximum-capacity 
test  was  at  200  revolutions  per  minute 
and  32  per  cent,  cut-off.  Four,  or  at 
most  five,  tests  were  thus  sufficient  to 
cover  the  range  of  boiler  capacity." 

Analyses  made  on  carefully  selected 
samples  from  carload  lots  of  the  coal 
and  on  briquettes  of  several  qualities 
show  that  the  coal  contains  more  fixed 
carbon   and   moisture   and   less   volatile 


16 
6.6 

8.7 


Though  less  significant  than  compari- 
sons of  boiler  performance,  on  account 
of  the  many  variable  factors  introduced, 
the  comparisons  of  engine  efficiency  m 
terms  of  coal  per  dynamometer  horse- 
power hour  give  interesting  results. 
Curves  plotted  on  this  basis  show  that 
whatever  m.ay  be  the  power  developed 
the  briquettes  give  the  greater  efficiency, 
but  that  when  the   power  is   extremely 
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low  or  extremely  high  the  difference  is 
small.  At  the  point  of  maximum  effi- 
ciency the  difference  amounts  to  nearly 
35  per  cent 

The  weight  of  cinders  collected  in  the 
smoke  box  was  about  the  same  for  the 
natural  coal  as  for  the  briquetted  coal  at 
all  rates  of  combustion.  The  sparks 
from  the  stack,  when  the  locomotive 
was  fired  with  briquettes,  were  in  the 
form  of  flakes  considerably  larger  than 
those  discharged  when  coal  was  fired. 
The  calorific  value  of  both  cinders  and 
sparks,  however,  is  in  general  higher  for 
the  natural  than  for  the  briquetted  coal. 
It  is  noticeable  that  the  difference  in 
heat  losses  increases  as  the  rate  of  evap- 
oration increases;  and,  further,  that  the 
loss  due  to  cinders  and  sparks  decreases 
slightly  as  the  percentage  of  binder  used 
in  the  briquettes  is  increased. 

The  density  of  the  smoke  from  the  lo- 
comotive was  compared  with  the  Ringle- 
mann  charts.  An  examination  of  the 
results  of  the  observations  shows  that 
for  a  given  boiler  capacity  more  smoke 
is  made  when  raw  coal  is  fired  than 
when  briquettes  are  fired.  The  density 
of  the  smoke  made  with  briquette  firing 
is  nearly  constant  for  all  capacities  un- 
der 90  per  cent,  of  full  load ;  for  capaci- 
ties beyond  this  point  the  density  in- 
creases rapidly.  The  amount  of  smoke 
made  when  briquettes  are  fired  seems  to 
increase  slightly  with  the  percentage  of 
binder  used,  due  no  doubt  to  the  fact 
that  the  binding  material  employed  con- 
sists largely  of  volatile  matter.  The  tests 
have  shown  that  a  considerable  degree 
of  smoke  control  is  possible  when  bri- 
quettes are  used  under  the  adverse  con- 
ditions of  intermittent  running  to  which 
a  locomotive  is  subjected  in  terminals. 

"Briquettes  of  both  small  and  large 
size  were  fired  with  the  ordinary  shovel 
and  were  handled  in  much  the  same  man- 
ner as  coal.  In  all  tests  they  were  fired 
alone  without  mixing  with  coal.  It  was 
not  necessary  to  break  the  briquettes  in 
order  to  handle  them  readily  with  the 
ordinary  scoop  shovel,  and  the  unbroken 
briquettes  burned  freely  and  completely. 
They  disintegrated  slowly  from  the  heat 
of  the  flame  and  became  more  or  less 
porous  as  they  swelled  and  opened  under 
the  action  of  the  heat. 


"To  observe  the  effect  on  briquettes  of 
exposure  to  the  weather,  a  number  of 
the  round  and  square  briquettes  were 
placed  on  the  roof  of  the  testing  plant. 
After  four  months  of  exposure  for  the 
round  and  three  months  for  the  square 
briquettes,  no  change  whatever  from 
their  original  condition  was  noticed. 
They  appeared  to  be  entirely  impervious 
to  moisture  and  were  still  firm  and  hard. 

"The  briquettes  were  little  affected  by 
handling.  They  were  loaded  at  St.  Louis 
in  open  gondola  cars  and  shipped  to  Al- 
toona,  where  they  were  unloaded  by  hand 
and  stacked.  They  were  handled  a  third 
time  in  taking  them  to  the  firing  .plat- 
form of  the  test  locomotive.  After  these 
three  handlings  they  were  still  in  good 
condition,  very  few  were  broken,  and  the 
amount  of  dust  and  small  particles  was 
practically  negligible. 

''The  results  of  the  tests  justify  the 
following  conclusion: 

(o)  The  evaporation  per  pound  of 
fuel  is  greater  for  the  briquetted  Lloydell 
coal  than  for  the  same  coal  in  its  natural 
state.  This  advantage  is  maintained  at 
all  rates  of  evaporation. 

{h)  The  capacity  of  the  boiler  is  con- 
siderably increased  by  the  use  of  bri- 
quitted  coal. 

(c)  Briquetting  appears  to  have  little 
effect  in  reducing  the  quantity  of  cinders 
and  sparks;  the  calorific  value  of  these, 
however,  is  not  so  high  in  the  briquetted 
as  in  the  natural  fuel. 

{d)  The  density  of  the  smoke  with 
the  briquetted  coal  is  much  less  than 
with  the  natural  coal. 

{e)  The  percentage  of  binder  has  lit- 
tle influence  on  smoke  density. 

(/)  The  percentage  of  binder  for  the 
range  tested  appears  to  have  little  or  no 
influence   on  the   evaporative   efficiency. 

{g)  The  expense  of  briquetting  under 
the  conditions  of  the  experiments  adds 
about  $1  per  ton  to  the  price  of  the  fuel, 
an  amount  which  does  not  seem  to  be 
warranted  by  the  resulting  increase  in 
evaporative  efficiency. 

{h)  With  careful  firing,  briquettes  can 
be  used  at  terminals  with  a  considerable 
decrease  in  smoke. 

{i)  The  briquettes  appear  to  withstand 
well  exposure  to  the  weather,  and  suffer 
little  deterioration  from  handling." 
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BRIDGES. 

Arches. 

The  Stability  of  Arches.  Henry  Adams. 
Read  before  the  Civ.  &  Mech.  Engrs'  Soc. 
A  graphical  study  of  the  stresses.  Ills. 
3500  w.  Surveyor — Feb.  12,  1909.  No. 
2585  A. 

Conventional  Live-Load  Position  for 
Maximum  Stresses  in  Arches.  William 
Cain.  Investigates  a  given  arch.  1500  w. 
Eng  News — Feb.  4,  1909.     No.  2275. 

Bascule. 

An  Ornamental  Bascule  Bridge;  Trun- 
nion  Bascule   Across   Coopers   Creek,   at 


b 


We  supply  copies  of  these  articles.    See  page  159. 
121 


Federal  St.,  Camden,  N.  J.  J.  B.  Strauss. 
Illustrated  detailed  description.  3500  w. 
Eng  News — Feb.  4,  1909.     No.  2272. 

Cantilever. 

See  Viaducts,  under  Bridges. 
End-Launching. 

Erection  of  the  French  River  Bridge 
of  the  Canadian  Pacific  Railway.  Illus- 
trates and  describes  the  conditions,  and 
methods  of  erecting  by  end-launching  a 
bridge  of  one  415-ft.  riveted  through 
truss  span  and  two  6o-ft.  deck-plate -gir- 
der spans.  2500  w.  Eng  Rec — Jan.  30, 
1909.     No.  2176. 
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Quebec. 

Secondary  Stresses  in  Large  ."^pan 
Bridges.  Editorial  review  of  the  report 
of  C  C.  Schneider  to  the  Quebec  Bridge 
Commission,  discussing  the  cause  of  the 
failure  and  the  best  course  to  be  pursued 
in  replacing  the  structure.  2500  w. 
Engng— Jan.  29,  1909.    No.  2361  A. 

Reinforced   Concrete. 

Construction  Methods  on  Two  Highway- 
Bridges,  Nashville,  Tenn.  Detailed  de- 
scription, principally  of  the  piers  and  the 
viaduct  approaches  of  reinforced  con- 
crete, of  the  Sparkman  and  the  JefTerson 
St.  bridges.  Ills.  2800  w.  Eng  Rec— 
Feb.  13,  1909-     No.  2449. 

Concrete  Work  on  Sparkman  St. 
Bridge,  Nashville,  Tenn.  W.  F.  Cr^igh- 
ton.  An  illustrated  article  describing 
particularly  the  reinforced-concrete  ap- 
proaches, and  concrete  piers,  8000  w. 
Eng  News— Feb.  25,  1909.     No.  2753 

An  Economical  Long  Span  Reinforced 
Concrete  Highway  Bridge.  William  J. 
Watson.  Read  before  the  Ohio  Engng, 
Soc.  Illustrates  and  describes  a  biidge 
recently  completed  over  the  Vermillion 
River,  at  Wakeman,  Ohio.  3500  w.  Engng- 
Con — Feb.  24,  1909.     Not.  2767, 

The  Pyrimont  Bridge  Over  the  Rhone 
(Pont  en  Beton  arme  sur  le  Rhone,  a 
Pyrimont).  G.  Espitallier,  Illustrated 
description  of  this  concrete  arch  bridge 
on  masonry  piers.  3500  w.  Genie  Civil — 
Jan.   16,   1909.     No.  2640  D. 

See  also  Steel,  Trestles,  and  Water- 
ways, under  Bridges. 

Skew   Portals. 

The  Detailing  of  Skew  Portals.  J.  P. 
Davies.  Gives  formulae  for  the  computa- 
tion, directions  for  layout,  etc.  Diagrams. 
3000  w.  Eng  News — Feb,  11,  1909.  No. 
2397- 
Steel. 

A  Simplified  Method  for  the  Graphical 
Calculation  of  Bridge  Trusses.  J,  H. 
Grififith.  Explains  a  method  for  the 
graphical  calculation  of  chord  and  v<reb 
stresses.  700  w.  Eng  News — Feb.  25, 
1909.     No.  2762. 

Diagrams  for  Rivet  Pitch  in  Loaded 
Girder  Flanges.  P.  L.  Pratley,  Diagrams 
and  explanatory  notes.  700  w.  Eng  News 
— Feb.  18,  1909.    No.  2524. 

Live  Loads  and  Working  Stresses  in 
Railway  Bridges.  Conrad  Gribble.  Com- 
pares present  and  past  conditions.  3000 
w.  Cassier's  Mag — Feb.,  1909.  No.  2330  B. 

Central  of  New  Jersey  Bridge  Renewal 
at  Bethlehem.  Plan,  photographs,  and  de- 
scription of  the  old  and  new  structures, 
and  of  the  methods  of  erection.  Soo  w. 
R  R  Age  Gaz— Feb.  5,  1909.    No.  2298. 

The  Communipaw  Avenue  Bridge,  Cen- 
tral Railroad  of  New  Jersey.  A  200-ft. 
highway  bridge,  spanning  seven  tracks 
in  Jersey  City,  erected  without  interrup- 


tion to  traffic.     1000  w,     Eng  Rec — Feb. 
13,  1909.    No.  2453. 

The  Sparkman  and  Jefferson  Street 
Bridges,  Nashville,  Tennessee,  Illustrated 
detailed  description  of  two  long,  high 
bridges  over  the  Cumberland  River,  of 
three  steel-truss  spans  and  reinforced 
concrete  viaduct  approaches,  2500  w,  Eng 
Rec — Feb.  6,  1909.     No,  2303, 

A  Protected  Steel  and  Concrete  High- 
way Bridge,  Illustrates  and  describes  a 
bridge  carrying  Tremont  Ave,  over  a 
number  of  tracks  of  the  N.  Y.,  N.  H. 
&  H.  R.  R.  and  is  of  interest  on  account 
of  the  heavy  construction  and  for  de- 
tails of  the  concrete  floor  and  concrete 
protection  of  the  steel  from  locomotive 
gases  and  corrosion.  1200  w.  Eng  Rec — 
Feb.  20,  1909.     No.  2563. 

The  Replacement  of  the  Humboldt  Har- 
bor Bridges  in  Berlin  (Die  Auswechsel- 
ung  der  Humboldthafen-Briicken  in  Ber- 
lin). C.  Miiller.  Describes  the  work  of 
rebuilding  and  the  new  structure.  Ills. 
2500  w.  Zeitschr  d  Ver  Deutscher  Ing — 
Jan,  30,  1909,  No,  2842  D, 
Trestles. 

The  Design,  Construction,  and  Cost  of 
a  Reinforced  Concrete  Trestle.  C,  C," 
Mitchell,  Illustrated  description  and  in- 
formation concerning  the  construction  of 
a  reinforced  concrete  incline  on  Catskill 
Mountain,  N.  Y.  3500  w.  Eng  Rec — 
Feb,  20,  1909,    No.  2568. 

Viaducts. 

I.  The  Erection'  of  the  Pwll-y-pant 
Viaduct  on  the  Brecon  and  Merthyr  Ex- 
tension of  the  Barry  Railway.  Alexander 
Low  Dickie.  Illustrated  detailed  descrip- 
tion of  the  work.  II.  Notes  on  the  Erec- 
tion of  Cantilever  Bridges.  Thomas  Clax- 
ton  Fidler,  Two  papers  discussed  to- 
gether, 1 1800  w,  Inst  of  Civ  Engrs. 
No,  3596  &  No.  3740.    No,  2797  N. 

Waterways. 

A  Comparison  of  Bridge  Waterways. 
Daniel  B.  Luten.  Read  before  the  In- 
diana Engng,  Soc.  A  comparison  of  the 
rectangular,  the  egg-shape,  and  the  arch 
types,  with  special  reference  to  reinforced- 
concrete  construction.  Ills.  2500  w, 
Munic  Engng — Feb.,  1909.    No.  2336  C. 

CONSTRUCTION. 
Beams. 

Oblique  Loading.  W,  S,  Kinne.  Gives 
graphical  methods  for  the  solution  of  the 
general  problem  of  flexure  of  straight 
beams  of  uniform  cross-section  for  loads 
in  any  plane.  4000  w.  Wis  Engr — Dec, 
1908,    No.  2733  D. 

See    also    Reinforced    Concrete,    under 
Construction. 
Brick. 

See  Concrete  Blocks,  under  Construc- 
tion, 
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Coal  Pockets. 

I-'crro-Concrete  Coal  Storage  Pla.  t.  Il- 
lustrated description  of  coal  silos  and 
their  mechanical  eqnipnieiit  as  inbiailed 
at  the  Clayton  West  and  Skchnanthorpe 
Collieries.  looo  w.  Col.  (inard — Jan.  22, 
1909.     No.  2216  A. 

Columns. 

The  Theory  of  Eccentrically-Loaded 
Columns,  Including  the  Influence  of  Shear 
Distortion.  Harry  S.  Prichard.  Gives 
problems  and  results  of  special  cases 
showing  the  influence  of  shear  on  deflec- 
tion and  illustrating  the  theory  of  eccen- 
trically loaded  columns.  Mathematical 
study.  4000  w.  Eng  News — Feb.  25,  1909. 
No.  27S.S. 
Concrete. 

Concrete  Construction  in  Water  Works. 
William  Curtis  Mabee.  From  a  paper 
before  the  Ind.  Engng.  Soc.  Remarks 
on  its  peculiarities  and  the  importance  of 
intelligent  supervision.  1500  w.  Munic 
Engng — Feb.,  1909.     No.  2337  C. 

See  also  Contracts,  under  Construc- 
tion. 

Concrete  Blocks. 

The  Cost  of  Cement  Block  Walls  Com- 
pared with  the  Cost  of  Brick  Walls  J. 
A.  Smith.  A  collection  of  cost  data  and 
a  comparative  statement,  2500  w.  Engng- 
Con — Feb.  3,  1909.     No.  2295. 

See  also  Fireproof,  under  Construc- 
noN ;  and  Sewers,  under  Municipal. 

Concrete  Tiles. 

The  Pauly  Concrete  Hollow  Tile.  In- 
formation concerning  the  manufacture 
and  use  of  this  material  Ills.  900  w. 
Cement  Age— Feb.,   1909.     No.  2729. 

Contractor's  Plants. 

See  Sewers,  under  Municipal. 

Contracts. 

Maintenance  and  Defect  Clauses.  Con- 
siders clauses  for  the  protection  of  em- 
ployer and  of  contractor  necessary  in 
contracts.  1600  w.  Engr,  Lond — Jan.  22, 
1909.       Serial,     ist  part.     No.  2222  A.  ^ 

Concrete  Structures  from  the  Viewpoint 
of  the  Contracting  Specialist.  DeWitt  V. 
Moore.  Deals  with  the  modern  use  of 
concrete  for  construction.  5000  w.  Cal 
Jour  of  Tech— Jan.,  1909.     No.  2711. 

Earthquakes. 

Construction  to  Withstand  Earthquakes 
(Le  Case  che  non  crollano).  A.  Danusso. 
A  discussion  inspired  by  the  recent  dis- 
aster in  Sicily.  Ills.  6000  w.  II  Ce- 
mento — Jan.  15,  1909.  No.  2652  D. 
Excavation. 

Comments  on  the  Use  of  Wagons  in 
Transporting  Earth.  Considers  different 
styles  of  wagons  and  methods  of  loading 
them.  3000  w.  Engng-Con — Feb.  3,  ipOQ- 
Serial,     ist  part.    No.  2296. 

See  also  Rock  Removal,  under  Water- 
ways AND  Harbors. 


Fireproof. 

Unburnable  Homes,  Their  Artistic  and 
Architectural  Possibilities.  Benjamin  A. 
Howes.  Discusses  especially  the  use  of 
reinforced  concrete  for  residenc 'S.  3000 
w.     Cement — Jan.,  1909.     No.  2726  C. 

Fireproof  Stucco  Construction.  Mentor 
Wetzstein.  Discusses  concrete  block 
stucco  houses  as  fire  resistant  material, 
giving  illustrations  showing  the  artistic 
possibilities. .  1000  w.  Cement  Age — Feb., 
1909.     No.  2728. 

Foundations. 

Machinery  Foundations.  Hints  on 
foundations  for  machinery,  and  for  struc- 
tures such  as  bins,  bunkers,  hoppers,  etc. 
2000  w.  Mech  Wld — Jan.  22,  1909.  No. 
2214  A. 

Foundations  tor  the  New  Building  and 
Pumps,  Lake  View  Pumping  Station,  Chi- 
cago. A  detailed  description  of  the  con- 
struction work.  111.  4000  w.  Eng  Rec — 
Feb.  13,  1909.     No.  2448. 

The  Settlement  of  the  Magistrates' 
Courts,  Georgetown,  British  Gu'ana. 
Leonard- Percival  Hodge.  Describes  a 
case  where  a  building  was  allowed  to  set- 
tle under  constant  observation.  Ills.  1200 
w.  Inst  of  Civ  Engrs — No.  3735.  No. 
2793  N. 

Grain  Elevators. 

The  Concrete  Grain  Elevator  of  the 
Pennsylvania  Railroad  at  Baltimore.  Il- 
lustrated description  of  an  interesting 
concrete  structure,  and  of  the  system 
of  belt  conveyors  for  handling  the  grain. 
2000  w.  Eng  Rec — Feb.  20,  1909.  No. 
2561. 
Piling. 

Straight  or  Tapered  Concrete  Piles? 
Clarence  S.  Howell.  Describes  methods 
of  manufacture,  and  gives  a  comparison 
between  straight  and  tapered  piles  as  to 
load  capacity.  1600  w.  Eng  News — Feb. 
25,  1909.    No.  2761. 

Method  of  Constructing  Reinforced 
Concrete  Pile  Bents  for  the  Atlantic  City 
Boardwalk.  Illustrates  and  describes  the 
structural  details  and  construction  meth- 
ods. 2500  w.  Engng-Con — Feb.  17,  1909. 
No.  2538. 
Reclamation. 

The  Reclamation  of  the  Site  for  the 
Beach  City  of  Naples,  California.  Ex- 
plains conditions  and  the  scheme  of  devel- 
opment of  the  site.  Ills.  2000  w.  Eng 
Rec— Feb.  6.  1909.     No.  2311. 

Record  Systems. 

Some  of  the  Recording  Systems  of  a 
Large  Engineering  Corporation.  R.  M. 
Henderson  in  the  Armour  Engineer.  Ex- 
plains methods  of  systemizing  field  work 
so  as  to  enable  the  home  office  to  keep 
constantly  in  touch  with  work  every- 
where. 2500  w.  Eng  Rec— Jan.  30,  1909. 
No.  2177. 
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The  Filing  System  of  the  Elevated  and 
Subway  Construction  Department,  Boston 
Elevated  Railway  Company.  Herbert  C. 
Hartwell.  Explains  the  working  methods 
of  the  plan-filing  system.  2000  w.  Eng 
Rec— Feb.  6,  1909.     No.  2306. 

Reinforced  Concrete. 

Formulas  for  the  Strength  of  Rem- 
forced-Concrete  Beams.  Per-y  John 
Robinson.  A  discussion  of  formulae,  de- 
veloped on  rational  lines,  by  which  the 
strength  may  be  calculated.  3500  w.  Inst 
of  Civ  Engrs— No.  3773.-     No.  2794  N. 

Simplified  Methods  of  Calculating  Re- 
inforced Concrete  Beams.  W.  Noble 
Twelvetrees.  Read  before  the  Manches- 
ter Univ.  Engng.  Soc.  A  mathematical 
study,  and  a  description  of  a  calculating 
instrument  devised  by  the  author.  4000 
w.    Surveyor— Jan.  29,  1909.     No.  2350  A. 

A  New  Graphical  Method  for  Calculat- 
ing Beams  of  Varying  Moment  of  Inertia 
and  Fixed  at  Both  Ends  (Fine  neue 
graphische  Berechnungsmethode  f iir  bei- 
derseits  cingespannte  Trager  mit  veran- 
derlichem  Tragheitsmoment).  Rich.Wucz- 
kowski.  Mathematical  Ills.  2000  w. 
Reton  u  Eisen— Jan.  8,  1909.    No.  2819  E. 

Distribution  of  Stresses  in  Compound 
Bodies  (Ueber  die  Spannungsverteilung 
in  Verbundkorpern).  Alfons  Leon.  A 
mathematical  discussion  illustrated  by  the 
case  of  reinforced  concrete.  Ills.  Serial, 
ist  part.  4500  w.  Oest  Wochenschr  f  d 
Oeffent  Baudienst— Jan.  9,  1909.  No. 
2816  D. 

The  Joining  of  Tension  Reinforcement 
in  Concrete  Beams  (Experiences  sur  les 
Jonctions  de  Barres  tendues  dans  les 
Poutres  en  Beton  arme).  M.  Mesnager. 
Results  of  extensive  tests  on  overlapping 
and  joining  bars  for  reinforcement.  Ills. 
1 1000  w.  Ann  d  Fonts  et  Chauss — 1908 
—II.    No.  2607  E  4-  F. 

Advance  in  Rein  forced-Concrete  Con- 
struction :  An  Argument  for  Multiple- 
Way  Reinforcement  in  Floor  Slabs.  C. 
A.  P.  Turner.  An  illustrated  article  de- 
scribing this  system  and  the  advantages 
claimed.  4500  w.  Eng  News — Feb.  18, 
T909.     No.  2522 

The  Cost  of  Concrete  Construction  as 
Applied  to  Buildings.  Leonard  C.  Wason. 
Gives  actual  costs  of  various  parts  of 
building  construction.  2500  w.  Cement — 
Jan.,  1909.    No.  2727  C. 

The  Advantages  of  Reinforced  Con- 
crete for  Railway  Construction.  B.  H. 
Davis.  Considers  the  familiar  uses  of 
this  material  in  railway  construction, 
pointing  out  the  advantages  and  disadvan- 
tages, and  comparing  costs  with  other 
materials.  Ills.  4500  w.  Cement— Jan., 
1909.     No.  2725  C. 

The  Applicability  and  Economy  of 
Concrete  and  Reinforced  Concrete  for 
Subway  Construction     Charles  M.  Mills. 


Abstract  of  paper  read  before  the  Nat. 
Assn.  of  Cement  Users.  Considers  the 
important  features  and  advantages.  2000 
w.     Engng- Con — Feb.  10,  [909.     No.  2468. 

A  Reinforced  Concrete  Theater  and  Of- 
fice Building,  Los  Angeles,  Cal.  Describes 
the  peculiar  heavy  construction  of  this 
building,  giving  plans.  2000  w.  Eng 
News — Feb.   11,   1909.     No.  2393. 

The  Majestic  Theater  Building  at  Los 
Angeles.  Illustrated  description  of  a  com- 
bined office  and  theater  structure  built 
entirely  of  reinforced  concrete.  3000  w. 
Eng  Rec — Jan.  30,  1909.     No.  2179. 

Reinforced-Concrete  Building  of  the 
Phelps  Publishing  Co.,  Springfield,  Mass. 
Arthur  C.  Tozzer.  The  design  and  con- 
struction of  a  large  8-story  building  is 
illustrated  and  described.  2500  w.  Eng 
News — Feb.  18,  1909.    No.  2520. 

A  Ten-Story  Reinforced  Concrete 
Warehouse  in  Pittsburg.  Brief  illustrated 
description.  1600  w.  Eng  Rec — Feb.  6, 
T909.    No.  2304. 

Cold-Storage  Warehouses  of  Reinf3rced 
Concrete  Construction.  J.  P.  H.  Perry. 
Considers  different  methods  of  insulating 
buildings  for  cold  storage  and  the  idapt- 
ability  of  reinforced  concrete  to  this  type 
of  structure.  Ills.  4500  w.  Eng  Rec — 
Jan.  30,  T909.     No.  2t8o. 

The  New  Board  Mill  of  the  Andros- 
coggin Pulp  Company.  Describes  a  new 
reinforced-concrete  mill  at  South  Wind- 
ham, Maine,  and  its  equipment.  2000  w. 
Eng  Rec — Feb.  13,  1909.     No.  2451. 

Reinforced  Concrete  Stock  Pen  Con- 
struction for  the  Union  Stock  Yards  & 
Transit  Co.,  Chicago,  111.  The  present 
article  gives  details  of  the  new  platform 
and  pen  construction.  Ills.  1500  w.  Ergng 
Con— Feb.  17,  1909.     No.  2537. 

See  also  Coal  Pockets,  Contracts,  Fire- 
proof, Grain  Elevators,  Piling,  and  Re- 
taining Walls,  under  Construction  ;  and 
Coast  Protection,  under  Waterways  and 
Harbors. 

Retaining  "Walls. 

Reinforced  Concrete  Retaining  Wall  at 
St.  George,  Staten  Island.  Louis  L.  Tri- 
bus.  From  a  paper  before  the  Munic. 
Engrs.  of  the  City  of  N.  Y.  An  illus- 
trated description  of  the  design  and  con- 
struction. 3500  w.  Munic  Engng — Feb., 
1909.     No.  2335  C. 

Roofs. 

The  Use  of  Asphaltum.  Harry  Lar- 
kin.  Information  concerning  the  uses 
and  proper  management  of  asphaltum 
work,  the  need  of  intelligent  application, 
etc.  4500  w.  Jour  Assn  of  Engng  Socs — 
Dec,   1908.     No.  2415   C. 

Tin  Roofs  on  Chemically  Fireproofed 
Sheathing  Boards.  H.  N.  Taylor.  Re- 
ports a  case  where  contact  of  tin  with 
fireproofed  timber  caused  corrosion.  1200 
w.     Met  Work — Jan.  30,  1909.     No.  2171. 
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Specifications. 

Sug-pestions  for  Drawing  Specifications 
for  Engineering  Work.  H.  Laurence 
Butler.  Read  before  the  Civ.  &  Mech. 
Engnf^-  Sue,  Gt,  Britain.  Considers  es- 
sential points  of  a  specification  that  prop- 
erly fulfils  its  purpose.  4500  w.  Engng- 
Con — Feb.  3,  1900.     No.  2297. 

Steel. 

The  Philadelphia  Opera  House.  Illus- 
trated description  of  interesting  details 
of  a  brick  and  steel  structure  and  of  the 
methods  of  erection.  3000  w.  Eng  Rcc 
— Jan.  30,  1909.     No.  2 181. 

Structural  Details  in  the  Farmers'  Loan 
&  Trust  Building,  New  York.  Illustrated 
description  of  wind  bracing,  cantilever 
girders,  etc.  3000  w.  Eng  Rec — Feb.  20, 
1909.     No.  2564. 

The  Alaska  Commercial  Building,  San 
Francisco.  Illustrated  description  of  a 
12-story  and  basement  building,  designed 
to  resist  earthquakes  and  fire.  Located 
where  quicksand  and  difficult  foundation 
conditions  were  encountered.  1800  w. 
Eng  Rec — Feb.  6,  1909.     No.  2310. 

Tunnels. 

The  Report  of  the  Coroner's  Jury  on 
the  Chicago  Tunnel  Crib  Disaster  A 
report  of  the  burning  of  the  superstruc- 
ture of  a  temporary  crib  over  a  working 
shaft  of  a  new  intake  tunnel  at  Chicago. 
2500  w.  Eng  News — Feb.  25,  1909.  No. 
2758. 

New  Intake  Tunnel.  G.  W.  Allen.  Il- 
lustrated detailed  description  of  the  con- 
struction of  a  tunnel  under  Toronto  Bay 
in  connection  with  the  Toronto  water 
supply.  2000  w.  Can  Engr — Jan.  29, 
1909.     No.  2167. 

The  Cortlandt  Street  Tunnel  Under  the 
Hudson  River ;  Meeting  of  Headings.  A 
brief  account  of  the  junction,  outlining 
the  work.  800  w.  Eng  News — Feb.  4, 
T909.     No.   2276. 

The  Connection  Between  the  Westerly 
Approach  and  the  Subaqueous  Sections 
of  the  Detroit  River  Tunnel.  An  illus- 
trated description  of  the  methods  adopt- 
ed. 2000  w.  Eng  Rcc — Jan.  30,  1909. 
No.  2175. 

Methods  of  Tunnel  Work  and  Cost 
Data  on  an  Irrigation  Project.  Henry  A. 
Young.  Describes  work  on  the  Huntley 
Project,  Mont.,  giving  cost  data.  1500  w. 
Eng  News — Feb.  4,  1909.     No.  2277. 

A  New  Twelve-Mile  Italian  Tunnel.  Il- 
lustrated account  of  the  proposed  new 
tunnel  between  Genoa  and  Milan.  2500 
w,  Engr,  Lond — Feb.  12,  1909.  No. 
2703  A. 

Rapid  Methods  in  Driving  Alpine  Tun- 
nels. Walter  I.  Aims.  Results  of  the 
writer's  observations  on  a  recent  visit  to 
the  Loetschberg  tunnel,  Switzerland  1400 
w.  Compressed  Air — Feb.,  1909.  No. 
2412. 


P.ioblems  in  the  Construction  of  Deep- 
Lying  Alpine  Tunnels  and  Experiences  in 
Building  the  Simplon  (Das  Problem  dcs 
Baues  langer,  tiefliegender  Alpentunncls 
und  die  Erfahrungen  beim  Baue  des  Sim- 
plontunnels).  Karl  Brandau.  A  prac- 
tical description  of  the  solution  of  prob- 
lems in  the  Simplon  tunnel.  Ills.  Serial, 
ist  part.  2800  w.  Schweiz  Bau — Jan. 
2,  1909.     No.  2688  B. 

MATERIALS    OF    CONSTRUCTION. 

Reinforced  Concrete. 

Column  Tests  of  Sachs  &  Pohlmann, 
Hamburg  (Siiulenversuche  von  M.  Sachs 
&  Pohlmann,  Hamburg).  Gives  the  re- 
sults. Ills.  Serial,  ist  part.  2000  w. 
Beton  u  Eisen — Jan.  28,  1909.    No.  2821  E. 

Timber. 

Woodwork.  E.  Guy  Dawber.  A  lec- 
ture on  the  historical  growth  of  design 
in  woodwork.  1400  w.  Archt,  Lond — 
Feb.  5,  1909.    Serial,  ist  part.    No.  2474  A. 

Re-AfTorestation.  Editorial  discussion 
of  this  question  with  special  reference  to 
the  United  Kingdom.  1700  w.  Engng — 
Jan.  29,   1909.     No.  2363  A. 

MEASUREMENT. 

Base  Lines. 

Determination  of  the  Length  of  Geo- 
detic Base  Lines  by  Trigonometry  (Tri- 
gonometrische  Langenbestimmung  geodat- 
ischer  Grundlinien).  A.  Tichy.  A  com- 
plete demonstration  of  the  methods.  Ills. 
Serial,  ist  part.  3300  w.  Zeitschr  d  Oest 
Ing  u  Arch  Ver — Tan.  i,  1909.    No.  2611  D. 

Concrete  Testing. 

See  Testing  Machines,  under  Measure- 
ment. 
Surveying. 

The  Ordnance  Survey.  Sir  Duncan  Al- 
exander Johnston.  A  brief  historical 
sketch,  describing  how  the  cadastral  sur- 
vey of  Great  Britain  was  made,  and  show- 
ing how  the  maps  are  being  revised.  3500 
w.  Surveyor — Feb.  12,  1909.  Serial,  ist 
part.   No.  2586  A. 

Testing  Machines, 

A  250 -Ton  Hydraulic  Compression 
Testing  Machine.  James  L.  Davis.  Illus- 
trated description  of  the  machine  for  the 
New  York  Board  of  Water  Supply  for 
testing  concrete  in  compression.  1000  w. 
Eng  News— Feb.  11,  1909-     No   2398. 

A  Remarkable  Testing  Machine.  Rich- 
ard L.  Humphrey.  Describes  the  10.000.- 
000-pound  hydraulic  compression  testing- 
machine  for  the  testing  laboratories  of  the 
U.  S.  Geological  Survey.  Ills.  800  w.  Ir 
Age— Feb.  11,  1009.     No.  2389. 

MUNICIPAL. 
Abattoirs. 

Public  Abattoirs.  R.  Stephan  Ayling. 
Presents  briefly  Iho  advantages  and  disad- 
vantages  of  public  slaughter-houses,   ami 
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the  points  to  be  observed  in  a  well-planned 
abattoir,  illustrating  and  describing  exam- 
ples in  France,  Germany  and  England. 
General  discussion.  5500  w.  Jour  Ro}-- 
Inst  of  Brit  Archts— Jan.  23,  1909.  No. 
2498  C. 
Municipal  Engineering. 

Inaugural  Address  of  the  President. 
Edward  John  Silcock.  Introductory  re- 
marks, followed  by  a  review  of  matters 
relating  to  municipal  engineering.  ^0500  w. 
Soc  of  Engrs — Feb.  i,  1909.  No.  2713  N. 

Pavements. 

Street  Pavements.  George  C.  Powell. 
Gives  details  regarding  pavements  suit- 
able for  city  traffic.  Ills.  2500  w.  Can 
Engr — Jan,  29,  1909.    No.  2169. 

Creosoted  Wood  Block  Pavements.  Ab- 
stracts of  two  papers  on  this  subject  be- 
fore the  convention  ot  the  Illinois  Soc.  of 
Engrs.  &  Surveyors.  2500  w.  Eng  News — 
Feb.  18,  1909.    No.  2521. 

Mosaic  Pavenient.s  (Pavimenti  e  Rives- 
timenti  a  Mosaico).  Discusses  pavements 
of  artificial  stone,  the  manufacture  of  the 
blocks,  construction  of  the  pavement,  etc. 
Ills.  Serial,  ist  part.  2500  w.  II  Cemento 
—Jan.  15,  1909.   No.  2653  D. 

Refuse  Disposal. 

Garbage  Incineration  in  Scranton.  De- 
scribes two  incinerators  recently  complet- 
ed, the  new  system  of  garbage  collection, 
giving  cost  of  operation.  2200  w.  Munjc 
Jour  &  Engr — Feb.  3,  1909.    No.  2234. 

The  Garbage  Crematory  of  the  Newport 
Naval  Training  Station.  R.  E.  Bakenhus. 
Illustrates  and  describes  this  successful 
plant  at  Newport,  R.  I.  2500  w.  Eng  Rec 
— Feb.  20,  1909.  No.  2569. 
Roads. 

Road  Construction  and  Maintenance. 
R.  E.  B.  Crompton.  Claims  that  it  is  now 
possible  to  build  dustless  roads  at  no 
greater  cost  than  for  ordinary  roads.  2500 
w.    Autocar — Jan.  30,   1909.    No.  2340  A. 

Road  Management  and  Repair.  John  H. 
Evans.  Read  before  the  Inst,  of  Munic. 
Engrs.  Explains  the  methods  adopted  in 
the  county  of  Hertfordshire  and  which 
have  been  carried  out  with  success  both 
in  cost  and  results.  Discussion.  5500  w. 
Surveyor — Jan.  22,  1909.    No.  2209  A. 

Comparative  Maintenance  Costs  of 
Macadam  and  Paved  Roads  (Comparaison 
du  Pavage  et  de  I'Empierrement  au  Point 
de  Vue  du  Prix  de  Revient  annuel).  H. 
Heude.  A  comparison  of  annual  costs 
including  depreciation  charges.  2800  w. 
Ann  d  Ponts  et  Chauss — 1908- V.  No.  2610 
E  -I-  F. 

Methods  of  Preventing  Damage  to 
Road  Surfaces  by  High  Speed  Motor 
Cars.  From  a  report  by  Nelson  P.  Lewis 
to  the  Board  of  Estimate  and  Apportion- 
ment of  New  York  City.  3500  ,v.  Engng- 
Con — Feb.  10,  1909.    No.  2469. 


Road  Building  by  the  United  States  in 
Cuba.  William  Atherton  Du  Puy.  An 
account  of  the  macadamized  roads  built 
under  the  regime  of  the  provisional  gov- 
ernor, Charles  E.  Magoon.  Ills.  1800  w. 
Sci  Am — Feb.  13,  1909.    No.  2401. 

The  Road  Congress  (Le  Congres  de  la 
Route).  A.  Loreau.  A  report  of  the  pro- 
ceedings of  the  International  Highway 
Congress  with  the  text  of  the  resolutions 
and  conclusions.  7000  w.  Mem  Soc  Ing 
Civ  de  France — Nov.,  1908.     No.  2601  G. 

The  First  International  Highway  Con- 
gres (Le  premier  Congres  international 
de  la  Route.  )  M.  Le  Gavrian.  A  review 
of  the  proceedings  and  the  work  accom- 
plished. 1 1000  w.  Ann  d  Ponts  et  Chauss 
— 1908-V.  No.  2609  E  +  F. 
Sewage  Disposal. 

The  Sewage  Problem  Popularly  Stated. 
Clark  P.  Collins.  Brief  description  and 
comparison  of  the  methods  of  sewage  dis- 
posal commonly  practiced.  4000  w.  Sci 
Am  Sup — Feb.  20,  1909.  No.  2530. 

An  Introduction  to  Sewage  Purification 
Problems  (Einfiihrung  in  die  Frage  der 
Abwasserreinigung).  A.  Liibbert.  A  gen- 
eral review  of  present  practice.  Serial. 
ist  part.  580c  w.  Zeitschr  d  Ver  Deutscher 
Ing — Jan.  2,  1909.    No.  2835  D. 

The  Hampton  Doctrine.  Dr.  A.  Liib- 
bert. A  discussion  of  a  paper  by  W.  Owen 
Travis  on  '"The  Hampton  Doctrine  in 
Relation  to  Sewage  Purification."  Serial, 
ist  part.  2200  w.  Gesundheits-Ing — Jan. 
2,  1909.    No.  2805  D. 

Percolation  Beds  for  Sewage  Treat- 
ment. William  Clifford.  Paper  before  the 
Inst,  of  Civ.  Engrs.  A  report  of  investi- 
gations of  the  physical  conditions  accom- 
panying purification.  4000  w.  Eng  Rec — 
Feb.  6,  T909.    No.  2305. 

Sewage  Purification  by  the  "Oxychlor- 
ides"  Process.  Editorial  review  of  Dr.  S. 
Rideal's  paper  on  the  "Application  of 
Electrolytic  Chlorine  to  Sewage  Purifica- 
tion and  Deodorization  by  the  "Oxychlor- 
ides"  Process,  read  before  the  Faraday 
Society.  2000  w.  Engng — Feb.  12,  1909. 
No.  2597  A. 

The  Use  of  Peat  in  the  Construction  of 
Biological  Sewage  Purification  Plants 
(Ucber  die  Verwendbarkeit  von  Torf 
zum  Aufbau  von  biologischen  Abwasser- 
reinigungsanl.igen).  Joseph  Ghysen.  A 
discussion  of  its  value  as  a  purifying 
agent.  Ills.  4oc»o  w.  Gesundheits-Ing — 
Jan.  2,  1009.    No.  2804  D. 

The  Theory  of  Sedimentation  and  the 
Grimm  Purification  System  (Zur  Theorie 
der  Sedimentierung  und  die  Grimmsche 
Flachbecken-Klaranlage).  A.  Liibbert. 
Describes  and  discusses  the  Grimm  sys- 
tem. Ills.  2400  w.  Gesundheits-Ing — Jan. 
30,  1909.    No.  2610  D. 

Sewage  and  Its  Distribution  .  (Ueber 
Abwassermengen  und  dercn  zeitliche  Ver- 
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teilung  in  Strassenkanalen).  Otto  Schu- 
bert. A  note  on  the  determination  of  the 
size  of  purification  plants.  Plates.  2000 
w.  Gesundheits-Ing — Jan.  30,  1909.  No. 
2608  D. 

The  Unna  Biological  Purification  Plant 
(Die  biologische  Klaranlage  der  Stadt 
Unna).  C.  Modersohn.  Describes  the 
construction  and  operation  of  a  plant  to 
serve  a  city  of  t  1,000  inhabitants.  Ills. 
3800  w.  Gesundheits-Ing — Jan.  23,  1909. 
No.  2S07  D. 

Sewage  Disposal  at  Birmingham,  Eng- 
land.    An  account  taken   from  an  official 
report  by  E.  J.  Fort.    2500  w.    Eng  Rec — 
Feb.  6,  1909.    No.  2309. 
Sewer  Gauging. 

Some  Sewer  Gaugings.  Delmar  E. 
Teeci.  Read  before  the  Mich.  Engng.  Soc. 
Explains  methods  used  to  measure  the 
daily  discharge  of  the  sewers,  and  the 
data  obtained.  Ills.  1700  w.  Munic 
Engng — Feb.,  1909.  No.  2334  C. 
Sewers. 

Recent  Improvements  of  Stony  Brook, 
Boston.  Illustrated  description  of  work 
under  supervision  of  the  sewer  depart- 
ment, and  of  the  interesting  features  of 
the  contractor's  plant.  2800  w.  Eng  Rec 
— Feb.  6,  1909.     No.  2308. 

Construction  of  a  Concrete  Block  Sew- 
er in  Toledo,  Ohio.  Frank  I.  Consaul. 
Illustrated  description  of  the  work  and 
local  conditions.  1000  w.  Eng  News — 
Feb.  4,  "1909.    No.  2273. 

Glasgow  South-Side  Sewage  Outfall 
Works.  Illustrates  and  describes  some 
details  of  works  under  construction.  1500 
w.   Engr,  Lond — Feb.  5,  1909.   No.  2493  A. 

WATER  SUPPLY. 
Backwater. 

_  New  Methods  in  Backwater  Computa- 
tions. B.  F.  Groat.  Explains  the  applica- 
tion of  a  new  formula  for  stream  flow  to 
the  problem,  and  '  also  mechanical  and 
graphical  methods  for  ascertaining  areas 
of  cross-sections  for  various  degrees  of 
backwater.  2500  w.  Minn  Engr — Jan., 
1909.  No.  2730  C. 
Barrages. 

The  Esneh  Barrage  for  Irrigation  in 
Egypt.  Briefly  reviews  the  scheme  of  irri- 
gation in  the  Nile  valley,  giving  illus- 
trated description  of  the  barrage  across 
the  Nile  at  Esneh.  Plates.  6800  w.  Engng 
—Feb.  s,  1909.   No.  2486  A. 

The  Esneh  Barrage.  Photographs, 
drawings  and  description  of  work  in 
Egypt  designed  to  hold  up  the  low  floods 
on  the  Nile.  Plate.  3000  w.  Engr,  Lond 
— Jan.  22,  1909.     No.  2221  A. 

Dams. 

The  Core  Wall  in  a  River  Wing  Dam 
at  Moline,  111.  Illustrates  and  describes 
the  construction  of  a  core  wall  to   meet 


conditions  quite  out  of  the  ordinary.  2000 
w.    Eng  Rec — Feb.  6,  1909.   No.  2307. 

The  Improvement  of  the  Charles  River 
at  Boston,  Mass.  Edward  C.  Sherman. 
An  interesting  illustrated  account  of  the 
construction  of  the  Charles  River  dam 
and  basin,  and  related  improvements. 
1800  w.    Sci  Am — Feb.  6,  1909.    No.  22S1. 

See  also  Barrages,  under  Water  Sup- 
ply. 

Filtration. 

The  Filtration  and  Purification  of  Wa- 
ter for  Pul^lic  Supply.  John  Don.  Alj- 
stract  of  a  paper  selected  for  the  first 
award  of  the  "Water  Arbitration  Prize," 

1908.  Discusses  the  sources  of  supply,  im- 
pounding, filtration,  and  distribution.  Ills. 
8000  w.  lust  Mech  Engrs — Jan.  15,  1909. 
No.  2200  N. 

Ground  Waters. 

A  Phase  of  Ground  Water  Problems  in 
the  West.  W.  C.  Mendenhall.  A  study  of 
the  ground  waters  in  arid  or  semi-arid 
regions.  Map.  3800  w.  Ec-Geol — Jan.- 
Feb.,  1909.  No.  2717  D. 
Illinois. 

Chemical  and  Biological  Survey  of  the 
Waters  of  Illinois.  Edward  Bartow.  A 
report  of  the  work  of  the  State  Water 
Survey  from  Sept.  i,  1906,  to  Dec.  31, 
1907,  giving  detailed  description  of  the 
work  accomoHshed.  Ills.  19000  w.  Univ 
of  III  Bui— Sept.  22,  1908.  No.  2418  N. 
Irrigation. 

Irrigation  Works  in  India :  New  Pro- 
jects in  the  Presidency  of  Madras.  Percy 
F.  Martin.  Information  concerning  the 
Bhavani  project,  the  Tungabhadra  scheme, 
and  the  Kistna  reservoir  project.  3500  w. 
Engr,  Lond — Jan.  29,  1909.   No.  2370  A. 

Irrigation  in  the  Lerma  Valley  (Irriga- 
sion  en  el  Valle  de  Lerma).  Carlos  Wau- 
ters.  A  preliminary  report  on  irrigation 
problems  in  this  district  in  Argentina. 
13500  w.  Anales  d  1  Soc  Cicn  Argentina — 
Sept.,  T908.    No.  2656  E  -f  F. 

See  also  Tunnels,  under  Construction; 
and  Barrages,  under  Water  Supply. 

Meters. 

The  Sale  of  Potable  Waters  in  Cities 
(La  Vente  de  I'Eau  potable  dans  les 
Villes).  P.  Juppont.  Discusses  the  eco- 
nomics of  water  supply,  the  use  of  meters 
and  the  efficiency  of  the  various  types. 
5500  w.  Genie  Civil — Jan.  23,  1909.  No. 
2644  D. 

New  York  State. 

Report  of  the  New  York  State  Water 
Supply  Commission.  A  review  of  the  re- 
port for  the  year  ending  Feb.  1,  1900.  with 
editorial.    8000   w.     Eng   News — Feb.    18, 

1909.  No.  2525. 

See  also  Water  Powers,  uuilcr  Water- 
ways AND  H.\RT!ORS. 

Purification. 

The  Iron  Removal  Plant  of  ihe  Shelbv, 
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Ohio,  Water  Company.  Philip  Burgess. 
Report  of  an  examination  made  of  this 
plant.  3500  w.  Eng  Rec— Feb.  20,  1909. 
No.  2566. 

The  Electrical  Conductivity  of  Water 
(Ueber  die  elektrische  Leitfahigkeit  natiir- 
licher  Wasser).  H.  Stooff.  Discusses 
how  it  may  be  taken  advantage  of  for 
purification  purposes.  Ills.  5200  w.  Ge- 
sundheits-Ing— Jan.  30,  1909.    No.  2609  D. 

See  also  Filtration,  under  Water -Sup- 
ply. 

San  Francisco. 

San  Francisco's  Efforts  to  Obtain 
Municipal  Ownership  of  Its  VVater  Sup- 
ply. Explains  matters  relating  to  the 
Hetch-Hetchy  Valley  controversy.  Also 
editorial  and  letters.  Ills.  15000  w.  Eng 
News — Feb.  4,  T909.    No.  2279. 

Discussion  of  Paper  by  C  E.  Grunsky, 
"The  Water  Supply  of  San  Francisco, 
Cal."  6500  w.  Jour  Assn  of  Engng  Socs 
— Dec,  1908.    No.  2416  C. 

Sluice  Gates. 

The  Cast-Iron  Sluice  Gates  for  the 
Fens  Gate  Chamber,  Charles  River  Ba- 
sin, Boston,  Mass.  Walton  H.  Sears.  Il- 
lustrated description.  800  w.  Eng  News — 
Feb.  25,  1909.    No.  2760. 

Recent  Sluice  Design  (Neue  Schiitzen- 
konstruktionen).  A.  Biihler.  Illustrates 
and  discusses  mathematically  two  recent 
designs.  2000  w.  Schweiz  Bau — Jan.  30, 
1909.    No.  2693  B. 

Tunnels. 

See  same  title,   under   Construction. 

Typhoid. 

A  Notable  Typhoid  Epidemic  at  Man- 
kato,  Minn.  F.  H.  BasS;  An  account  of 
an  epidemic  where  the  artesian  water 
supply  was  supposed  to  make  contamina- 
tion impossible.  Maps.  1200  w.  Eng 
News — Feb.  11,  1909.   No.  2396. 

Water  Works. 

See  Concrete,  under  Construction. 

Wells. 

A  Few  Examples  of  Double  Wells. 
F.  G.  Clapp.  Describes  wells  where  two 
distinct  types  of  water  can  be  obtained 
from  one  well ;  one  well  gives  fresh  and 
also  salt  water ;  another  fresh  and  sulphur 
water,  i^a;  w.  Eng  Rec — Feb.  20.  1909. 
No.  2567.' 

WATERWAYS  AND   HARBORS. 

Baltimore. 

New  Harbor  Works  at  Baltimore.  Il- 
lustrated detailed  description  of  the  work 
of  reconstruction  since  the  fire.  2000  w. 
Engr,  Loud — Jan.  29,   1909.    No.  2367  A. 

Bridge  Pi^rs. 

The  Danmiing  Effect  of  Bridge  Piers  in 
Waterways  (Einige  Untersuchungen  ini 
Staugebiete  eines  Wasserlaufs  bei  Briick- 
cncinbautcnV     W.    Plenkner.     A    mathe- 


matical discussion.  Ills.  5500  w.  Oest 
Wcchenschr  f  d  Oeffent  Baudienst — Jan. 
2,  1909.    No.  2814  D. 

Chicago. 

Report  to  the  Chicago  Harbor  Com- 
mission on  Obstacles  to  Chicago's  Water 
Shipping  Development.  Abstract  of  re- 
port by  George  C.  Sikes.  8000  w.  Marine 
Rev — Jan.  2%  1909.  Serial,  ist  part.  No. 
2164. 

Coast  Protection. 

The  Execution  of  Coast  Protection 
Works  in  Reinforced  Concrete  (Die  Aus- 
fi-ihrung  von  Seesenkwerken  aus  Eisen- 
beton).  Robert  de  Muralt.  Describes  the 
author's  system.  Ills.  Serial,  ist  part. 
1800  w.  Beton  u  Eisen — Jan.  8,  1909.  No. 
2820  E. 

Drydocks. 

The  Great  Drydock  at  Pearl  Harbor, 
Hawaii.  Elmer  Murphy.  Describes  this 
drydock,  which  is  the  largest  ever  con- 
structed by  the  U.  S.  Navy  Department. 
1000  w.  Sci  Am — Feb.  6,  1909.  No.  2283. 
France. 

The  Great  Deficiency  in  the  Inland 
Waterways  System  of  France  (Les 
grandes  Lacunes  du  Reseau  navigable  de 
la  France).  F.  Arnodin.  Compares  water 
with  rail  transport  and  shows  the  impor- 
tance of  canal  competition.  3500  w.  Genie 
Civil — Jan.  30,  1909.    No.  2646  D. 

Georgian  Bay  Canal. 

Description  and  Cost  Estimates  of  the 
Proposed  Georgian  Bay  Ship  Canal. 
Maps,  sections  and  description  as  given  in 
an  "interim  report"  of  the  project.  3000 
w.  Eng  News — Feb.  25,  1909.  No.  2754. 
Kanav/ha  River. 

A  Defence  of  the  Present  System  of 
Improvements  on  the  Kanawha  River. 
F.  W.  Altstaetter.  Gives  results  of  a 
study  of  this  watershed,  showing  that 
reservoir  regulation  would  have  been 
very  costly  and  accomplished  nothing 
more  than  the  existing  improvements. 
Editorial.  7500  w.  Eng  Rec — Feb.  13, 
1909.   No.  2447. 

Levees. 

The  McGee  Creek  Levee  and  Drainage 
District  of  Pike  and  Brown  Counties,  Illi- 
nois. A.  H.  Bell.  Read  before  the  111. 
Soc.  of  Engrs.  &  Surv.  Describes  the 
construction  of  works  for  protection  from 
overflows  and  for  drainage  of  the  land. 
1200  w.  Eng  Rec — Feb.  20,  1909.  No. 
2570. 
Locks. 

The  Lock  in  the  Mississippi  River  at 
Moline,  111.  Illustrated  description  of  the 
lock  and  its  construction,  explaining  con- 
ditions. 3000  w.  Eng  Rec — Jan.  30,  1909. 
No.  2178. 

The  Floride  Lock  at  Havre  (Note  sur 
les  Travail X  de  Construction  de  rEcluse  a 
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Sas  de  la  Floride  au  Port  dn  Havre), 
M.  Guiffart.  Illustrated  detailed  descrip- 
tion of  the  construction  of  this  important 
part  of  the  harbor-improvement  work. 
30000  w.  Ann  d  Fonts  et  Chauss — 1908- V, 
No.  2608  E  -^  R 

Milan. 

A  Project  for  a  New  Port  at  Milan 
(II  Progetto  del  nuovo  Porto  di  Milano). 
A  discussion  of  the  project,  the  difficulties 
and  problems  to  be  solved.  Ills.  4000  w. 
Monit  Tech — Dec.  30,  1908.    No.  2649  D. 

Panama  Canal. 

A  Sea-Level  Canal  at  Panama — A 
Study  of  Its  Desirability  and  Feasibility. 
Henry  G.  Granger.  Advocates  a  recon- 
sideration of  the  subject,  in  the  light  of 
new  facts,  and  emphasizes  the  objections 
to  a  lock  canal,  and  presents  an  outline  of 
a  construction  that  the  writer  favors. 
IT500  w.  Bui  Am  Inst  of  Min  Engrs — 
Jan.,  1909.   No.  2421  F. 

The  Report  of  the  Board  of  Engineers 
on  the  Panama  Canal  Work.  Report  with 
president's  letter,  records  of  engineers 
forming  the  advisory  board,  and  editorial 
discussion.  12000  w.  Eng  News — Feb.  25, 
1909.    No.  2757. 

Present  Conditions  in  the  Panama 
Canal  Zone.  A  favorable  account,  with 
illustrations.  2200  w.  Sci  Am — Feb.  6, 
1909.    No.  2284. 

The  Construction  of  the  Panama  Canal 
(Die  Arbeiten  am  Panama-Kinal).  Her- 
mann Bertschinger.  A  general  review  of 
the  project  and  the  work  already  accom- 
plished. Ills.  Serial,  ist  part.  4000  w. 
Zeitschr  d  Ver  Deutscher  Ing — Jan,  30, 
1909.  No.  2840  D. 
River  Improvement. 

The  Progress  of  River  Improvements 
in  the  Vicinity  of  Pittsburg.  J.  W.  Arras. 
An  illustrated  account  of  work  in  the 
Allegheny,  Monongahela  and  Ohio  rivers 
for  the  improvement  of  navigation.  3500 
w.  Marine  Rev — Feb.  4,  1909.  Serial,  ist 
part.   No.  2314. 

See  also  Kanawha  River,  under  Water 
Supply. 

River  Regulation. 

River  Control  by  Wire  Net-Work. 
Francis  Philip  Anderson.  Explains^  con- 
ditions on  the  Bengal  Dooars  railway, 
describing  this  wire  network  device  and 
its  uses  in  the  endeavor  to  control  the 
streams  bridged.  Ills.  4000  w.  Inst  of 
Civ  Engrs— No.  3748.    No.  2792  N. 

River  Regulation  in  Bohernia  (Landes- 
kommission  fiir  Flussregulierungen  im 
Konigreiche  Bohmen).  Hugo  Franz.  Re- 
views the  work  of  the  Government  Com- 
mission during  1906  and  1907.  Ills.  Serial. 
1st  part.  5000  w.  Oest  Wochenschr  f  d 
OefTent  Baudienst — Jan.  30,  1909.  No. 
2818  D. 


Rock  Removal. 

A  New  Sub-Aqueous  Rock-Breaking 
Machine  w  ith  Chisel  Acting  in  Air  Cham- 
ber. Barton  H.  Coffey.  Illustrated  de- 
scription of  the  machine,  and  report  of 
work  in  Boston  Harbor.  1500  w.  Eng 
News — Feb.  4,  1909.  No.  2274. 
Toronto. 

Toronto  Harbor.  W.  J.  Fuller.  Re- 
views some  of  the  engineering  problems 
which  have  arisen  from  time  to  time  in 
regard  to  the  harbor  and  the  improve- 
ments undertaken.  8500  w.  Can  Engr — 
Jan.  29,  1909.     No.  2168. 

U.  S.  Waterways. 

Duty  of  Congress  as  to  National  Water- 
ways. Albert  H.  Scherzer.  Urging  the 
development  of  transportation  by  water 
in  the  United  StaWs.  2800  w.  Mfrs  Rec — 
Feb.  25,  1909.    No.  2743. 

The  Eastern  Link  in  the  Great  Atlantic 
Coast  Inland  Waterway.  James  C.  San- 
ford.  Read  at  Inland  Waterways  Con- 
ference. A  brief  description  of  the  engin- 
eering features  on  the  proposed  canal  to 
connect  Narragansett  Bay  and  Boston 
Harbor.  2500  w.  Naut  Gaz — Feb.  4,  1909. 
Serial,    ist  part.    No.  2286. 

The  Control  of  Hydraulic  Power  De- 
velopnient  in  New  York.  .A.bstract  of  the 
recent  report  of  the  State  Water  Supply 
Commission,  with  editorial.  7000  w.  Eng 
Rec — Feb.   13,   1909.     No.  2452. 

Connecticut  River  for  Electric  Power. 
Alton  D.  Adams.  Discusses  the  power  that 
may  be  developed  for  purpose  of  electric 
transmission.  2000  w.  Elec  Rev,  N  Y — 
Feb.  Tj,  1909.    No.  2462. 

Water  Power  Development  in  the  Pa- 
cific Northwest.  Lcuis  P.  Zimmerman. 
Information  regarding  the  immense  water 
power  available  and  as  yet  largely  unde- 
veloped, especially  in  Washington.  2500 
w.     Minn  Engr — Jan.,  1909.     No.  2731  C. 

The  White  Coal  of  Sweden.  John 
George  Leigh.  An  illustrated  study  of  the 
development  of  the  abundant  hydraulic 
power  of  Scandinavia.  7000  w.  Cassier's 
Mag — Feb.,  1909.    No.  2326  B. 

MISCELLANY. 
Earthquakes. 

Earthquake  Forecasts.  G.  K.  Gilbert. 
Abstract  of  address  to  the  Am.  Assn.  of 
Geog.  Discusses  the  possibility  of  scien- 
tific forecast,  and  the  duty  of  architects 
and  engineers  to  study  the  danger  factor 
in  connection  with  construction  in  earth- 
quake regions.  3500  w.  Min  v'l'  Sci  Pr— 
Jan.  30,  1909.    No.  2290. 

Geology. 

The  Principles  of  Engineering  Geologv'. 
Herbert  Lapworth.  Lectures  to  students 
demonstrating  the  close  relationship  of 
civil  engineering  and  geolog>'.  Ills.  10500 
w.   Inst  of  Civ  Engrs.   No.  2799  N. 
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Radio-Telegraphy. 

Inductance  Coils  Used  in  Wireless 
Telegraphy.  John  L.  Hogan,  Jr.  Illus- 
trates and  describes  different  •'ypes  pi 
construction  in  variable  induction  coils 
and  their  alvantages.  2000  w.  Elec  Wld — 
Feb.  18,  1909.    No.  2519. 

Wireless  Telegraphy  (La  Telegrafia 
inalambrica).  E.  Guarini.  A  discussion 
of  its  past,  present  and  future  and  appli- 
cation in  countries  like  Peru.  Ills.  Serial, 
ist  part.  3000  w.  Anales  d  1  Soc  Cien 
Argentina— Aug.,  1908.    No.  2655  E  +  F. 

Radio-Telephony. 

A  New  System  of  Wireless  Telephony. 
A.  Ca/letti.  Illustrated  description  of  ex- 
perimental work  by  Prof.  Quirius  Major- 
ana,  and  the  system  that  has  made  possi- 
ble intercommunication  over  a  distance  of 
312  miles.  1200  w.  Elect'n,  Lond — Jan. 
29,  1909.   No.  2347  A. 

Wireless  Telephony  (Drahtlose  Tele- 
phonic vermittels  elektrischer  Schwing- 
ungen).  Gustav  Eichhorn.  A  review  of 
the  ftmdamental  principles  and  present 
developments.  Ills.  3000  w.  Oest  Woch- 
enschr  f  d  Oeffent  Baiidienst — Jan.  23, 
1909.   No.  28x7  D. 

Telephoiie  Lines. 

New  Types  of  Pupin  Coils  for  Over- 
head Lines  (Neue  Typen  der  Pupinschen 
Freileitungsspule).  Robert  Nowotny.  Il- 
lustrates and  describes  the  apparatus  and 
its  installation.  2700  w.  Elektrotech  u 
Maschinenbau — Jan.  3,  1909.    No.  2826  D 

Telephotography. 

Korn's  Apparatus  for  Photographic 
Transmission.  Louis  Dubois.  Illustrated 
detailed  description.  1800  w.  Elect'n, 
Lond — Jan.  22,  1909.  Serial.  ist  part. 
No.  2207  A. 
Tele- Stereography. 

Note  on  the  Tele- Stereograph  (Note 
sur  le  Tele-Stereographe).  M.  E.  Belin. 
Illustrated  description  of  an  apparatus  for 
the  telegraphic  reproduction  of  any  docu- 
ment containing  lines  in  relief  however 
slight.  2000  w.  Bui  Soc  d'Encour — Dec, 
T908.    No.  2622  G. 

DISTRIBUTION. 

Current  Rectifiers. 

Solid  Rectifiers.  Greenleaf  W.  Pickard. 
Reviews  the  work  of  other  investigators 
and  the  writer's  study  of  the  action  of 
contacts  of  small  arcs  between  dissimilar 
conductors.  4000  w.  Elec  Rev,  N  Y — 
Feb.  20,  1909.    No.  2555. 

Regulations. 

Factory    and    Workshop    Act,    1901. — 


Rules  for  Electricity  in  Factories  and 
Workshops,  A.  copy  of  revised  regula- 
tions as  given  in  the  report  of  Mr.  James 
Swinburne.  5500  w.  Elec  Engr,  Lond — 
Jan.  22,  1909.   No.  2203  A. 

Switches. 

Electric  Switches.  W.  B.  Kouwenhoven. 
Explains  various  kinds  of  electric  switches 
and  the  important  factors  that  enter  into 
their  design.  Ills.  2000  w.  Ry  &  Loc 
Engng — Feb.,  1909.   No.  2267  C. 

See  also  Transformers,  under  Trans- 
mission'. 

Wiring. 

The  Wiring  of  Buildings.  D.  S.  Mun- 
ro.  Abstract  of  paper  read  before  the 
Glasgow  Soc.  of  the  Inst,  of  Elec.  Engrs. 
RevicAvs  the  various  methods  of  wiring 
in  proof  that  no  really  good  and  cheap 
method  has  j'^et  been  invented.  1400  w. 
Elect'n,  Lond" — Jan.  29,  1909.  No.  2348  A. 
Conduit  Wiring.  L.  M.  Waterhouse. 
Deals  with  some  points  in  conduit  wiring 
installations,  and  the  materials  required. 
Short  discussion.  8500  w.  Elec  Engr, 
Lond — Jan.  22,  1909.    No.  2201  A. 

DYNAMOS    AND    MOTORS. 

A.  C.  Dynamos. 

Parallel  Operation  of  Alternators.  Dr. 
E.  Rosenberg.  Read  before  the  Manches- 
ter Sec.  of  Inst,  of  Elec.  Engrs.  A  study 
of  the  problem  from  the  theoretical  point 
of  view,  and  showing  how  the  results  m.ay 
be  employed.  5500  w.  Elec  Engr,  Lond — 
Jan,  29,  1909.  Serial.  ist  part.  No. 
2343  A. 

Induced  Pressures  in  the  Exciting 
Winding  of  Single-Phase  Dynamos  (Bc- 
trachtungen  iiber  die  in  der  Erregerwiclc- 
lung  von  Einphasengeneratoren  induziert- 
en  Spannungen).  H.  Briihn.  A  mathe- 
matical discussion.  Ills.  2500  w.  Elektro- 
tech u  Maschinenbau — Jan.  3,  1909.  No. 
2825  D. 

Bnishes. 

The  Mechanics  of  Brushes  (Beitrage 
zur  Mechanik  der  Biirsten).  C.  Richter. 
A  discussion  of  the  theoretical  mechanics 
of  brushes  sliding  on  a  commutator,  the 
conditions  of  equilibrium,  etc.  Ills.  Serial. 
1st  part.  4000  w.  Elektrotech  u  Maschin- 
enbau— Jan.  10,  1909.   No.  2828  D. 

Commutators. 

Turning  and  Grinding  Commutators. 
W.  Burns.  Directions  for  the  work.  2000 
w.   Elec  Wld. — Feb.,  1909.   No.  2270. 

Controllers. 

Application  of  Automatic  Controllers  to 
Direct-Current  Motors.  D.  E.  Carpenter. 
Outlines  some  of  the  applications  to  spe 


We  supply  copies  of  Ihese  articles-    Sec  page  159. 


130 


ELECTRICAL    ENQINEERING. 


131 


cific    services.     The   present   article    deals 
with  elevator  control.    Ills.    T700  w.    Elec 
Jour — Feb.,    1909.     Serial,     isl   part.     No. 
2739. 
D,  C.  Dynamos. 

The  D.  C.  Transverse-Field  Dynamo 
and  Its  Applications  (Die  Gleichstrom- 
Querfeldmaschine  iind  ihre  Anwendnng- 
en).  Richard  Neumann.  Discusses  par- 
ticularly its  application  to  electric  train 
lighting.  Ills.  4500  w.  Zeitschr  d  Ver 
Deutscher  Ing — Jan.  23,  1909.  No.  2839  D. 

D.  C.  Motors. 

The  Installation  of  Direct-Current 
Motors.  R.  H.  Fenkhauseii.  Gives  direc- 
tions for  setting  up  and  operating  motors, 
with  some  general  rules.  Ills.  2500  v.. 
Power— Feb.  9,  1909.    No.  2377. 

See   also   Controllers,   under  Dynamos 
AND  Motors. 
Heating. 

Determination  of  the  Time  Constant 
and  t!io  Stationary  Temperature  of  Elec- 
trical Machines  (Die  Ermittelung  der 
Zeitkonstante  und  der  stationaren  Tem- 
peratur  elektrischer  Maschinen).  Gustav 
Benischke.  Mathematical  discussion  of 
heating  and  cooling  problems.  Ills.  2000 
w.  Elektrotech  u  Maschincnbau — Jan.  10, 
1909.    No.  2827  D. 

ELECTRO-CHEMISTRY. 

Corrosion. 

The  Corrosion  of  Iron  and  Steel.  Al- 
fred Sang.  A  study  of  the  nature  of  cor- 
rosion, examining  the  theories  advanced, 
and  the  relation  of  structure,  stress,  mod- 
ern conditions,  air,  water,  the  electric  cur- 
rent, etc.,  and  the  best  means  of  protec- 
tion. General  discussion.  22000  w.  Pro 
Engrs'  Soc  of  W  Penn — Jan.,  1909.  No. 
2747  D. 

The  Corrosion  of  Iron.  Abstract  of  a 
paper  by  Dr.  William  H.  Walker  on  the 
"Corrosion  of  Iron  and  Steel  and  Modern 
Methods  of  Preventing  It."  2800  w.  Eng 
Rec — Feb.  20,  1909.   No.  2571. 

Electro-Metallography. 

See  Refining,  under  MINING  AND 
METALLURGY,  Copper;  Electro-Metal- 
lurgy, under  MINING  AND  METAL- 
LURGY, Iron  and  Steel;  and  Zinc  Re- 
covery, under  MINING  AND  METAL- 
LURGY, Lead  and  Zinc. 
Electroplating. 

Automatic  Electroplating  by  Means  of 
the  Brodcrick  Machine.  Illustrated  de- 
scription of  this  plating  machine  and  its 
operation.  1000  w.  Brass  Wld — Feb., 
1909.    No.  2722. 

Modern  Methods  for  the  Electrodeposi- 
tion  of  Zinc,  Copper,  Nickel  and  Brass. 
Louis  PotthofT.  Illustrates  and  describes 
automatic  devices  for  the  economical 
handling  of  material.  800  w.  Brass  Wld 
— Feb.,  1909.    No.  2724. 

Wc  supply  copies  of  th 


Nitrogen. 

Atmospheric  Nitric  Acid  and  Nitrates. 
Reviews  briefly  the  attempts  made  for  the 
commercial  fixation  of  atmospheric  nitro- 
gen, specially  describing  the  system  of 
Mr.  Moscicki.  1600  w.  Elec  Engr,  Loud 
— Jan.  29,  19C9.    No.  2344  A. 

ELECTRO-PHYSICS. 

Electrons. 

What  Is  the  Electron  Theory?   Prof.  L. 
Graetz,  in   Umschau.    A  simple  and  clear 
explanation.    2500  w.    Sci  Am  Sup — Feb. 
13,  1909.    No.  2402. 
Oscillations. 

Complex  Calculation  of  Oscillation 
Problems  (Die  komplexe  Rechnung  bei 
Schwingungen).  Fritz  Emde.  A  discus- 
sion of  the  use  of  complex  quantities  m 
the  treatment  of  the  theory  of  oscillations. 
Ills.  Serial,  ist  part.  3000  w.  Elektro- 
tech u  Maschincnbau — Jan.  24,  1909.  No. 
2830  D. 

Radioactivity. 

Radioactive  Substances  (Ueber  radio- 
aktive  Substanzen).  Stephan  Meyer.  A 
review  of  present  knowledge  of  radio- 
activity, "Particularly  the  recent  discover- 
ies. Ills.  Serial,  ist  part.  2000  w.  Zeit- 
schr d  Oest  Ing  u  Arch  Ver — Jan.  8.  1909. 
No.  2813  D. 

Radioactive  Transformations  and  Trans- 
mutations (Transformations  radioactives 
et  Transmutations).  Jacques  Danne.  A 
review  of  recent  advances  and  present 
kno\yledge.  Ills.  Serial,  ist  part.  4800  v. 
Genie  Civil — Jan.  2,  1909.    No.  2636  D. 

GENERATING  STATIONS. 

Central  Stations. 

The  L^se  of  Large  Gas  Engines  for  Gen- 
erating Electric  Power.  Leonard  Andrews 
and  Reginald  Porter.  Estimates  the  re- 
spective capital  costs  of  a  steam  turbine 
and  a  gas  engine  central  station  for  the 
same  load,  and  shows  what  the  running 
costs  would  be.  Ills.  12000  w.  Inst  of 
Elec  Engrs — Feb.  11,  1909.    No.  2579  N. 

A  60-Cycle  Gas-Driven  Power  Station. 
J.  R.  Bibbins.  A  report  of  operating  re- 
sult? at  the  plant  of  the  Union  Switch  & 
Signal  Co.  Ills.  3300  w.  Elec  Jour— Feb , 
1909.  No.  2738. 

Operating  Results  from  a  Sixty-Cycle 
Gas-Driven  Power  Station.  J.  R.  Bibbins. 
Gives  actual  experience  and  results  at 
the  Sv.'issvale,  Pa.,  plant.  4500  w.  Elec 
Rev,  N  Y — Feb.  13,  1909.   No.  2463. 

Power  Plant  Extensions  of  the  Boston 
Elevated  Railway  Company.  Illustrates 
and  describes  the  enlargement  of  the  pow- 
er plants  and  reconstruction  work.  2500 
w.    Elec  Wld — Feb    t8,  1909.    No.  2517. 

A  New  Lighting  Station  for  Brockton. 
E.  T.  Reed.  Illustrated  description  of  a 
modern  alternating-current  turbine  plant. 
2500  w    Power — Feb.  16,  iv^oQ.    No.  2499. 

ese  articles.    See  page  159. 
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Electric  Power  Installation  at  Khar- 
toum. Illustrated  description  of  a  large 
modern  electric  plant  recently  erected. 
3000  w.   Engng— Feb.  12,  1909.   No.  2594  A. 

Electric  Power  Plant  at  the  Gouley 
Mine  of  the  Eschweil  Mining  Company 
(Eleklrische  Kraftverteilungsanlage  auf 
Grube  Gouley  des  Eschweiler  Bergwerks- 
vereins).  L.  Haas.  Illustrated  detailed 
description.  Serial,  ist  part.  2100  w. 
Elek  Kraft  u  Bahnen— Jan.  4,  1909.  No. 
2822  D. 

Costs. 

Power  Costs  in  a  sooo-Kilowatt  Cen- 
tral Station.  H.  S.  Knowlton.  Givesthe 
record  of  four  years'  cost  of  power  in  a 
New  England  central  station.  1000  w. 
Power— Feb.  9,  1909.   No.  2382. 

Design. 

Prime  Movers.  Charles  P.^  Steinmet/. 
Discusses  the  features  of  prime  movers 
and  the  suitability  of  different  types  for 
the  requirements  of  electric  service.  5500 
w.  Pro  Am  Inst  of  Elec  Engrs — Feb., 
1909.  No.  2419  F. 
Germany. 

German.  Central  Stations.  Notes  taken 
from  La  Luniierc  Electrique.  Information 
showing  the  growth  of  the  German  elec- 
trical industry  and  related  subjects.  1500 
w.  Elect'n,  Lond — Jan.  29,  1909.  No. 
2346  A. 
Hydro-Electric. 

A  Low-Head  Hydroelectric  Develop- 
ment. S,  Rice.  An  interesting  plant  at 
Milford,  Me.,  to  develop  12,000  h.  p.  under 
a  head  of  20  feet,  is  described.  Ills.  2200 
w.     Power — Feb.  9,  T909.     No.  2374. 

Italian  Power  Plants  as  Seen  Through 
American  E3^es.  S.  Q.  Hayes.  Describes 
features  of  interest  in  the  Brusio  plant 
observed  by  writer.  Ills.  3500  w.  Elec 
Jour — Feb.,  1909.    No.  2736. 

Generating  and  Transmission  Plants  of 
the  Societa  Angelo-Romana  (Le  Officine 
e  gli  Impianti  elettrici  per  il  Trasporto  di 
Forza  della  "Societa  Angelo-Romana")- 
Illustrated  detailed  description.  Power  is 
generated  at  Tivoli  and  transmitted  to 
Rome.  Serial,  ist  part.  2700  w.  Industria 
— Jan.  3,  1909.   No.  2651  D. 

The  la  Vis  Hydro-Electric  Plant  at 
Madieres  (Usine  hydro-electrique  de  la 
Vis  a  Madieres,  Herault).  Michel  Ber- 
thon.  Illustrated  detailed  description  of  a 
5,000  horse-power  plant.  5000  w.  Genie 
Civil— Jan.  23,  1909.    No.  2643  D. 

The  New  Tokio  Hydro-Electric  Plant 
at  Katsuragawa  (Das  neue,  bei  Katsur- 
agawa  errichtete  Elektrizitatswerk  der 
Stadt  Tokio).  F.  Drcxler.  Illustrated  de- 
scription. 2TOO  w.  Die  Turbine — Jan.  5, 
I0G9.    No.  2698  D. 

See  also  Water  Powers,  under  CIVIL 
ENGINEERING,  Waterways  and  Har- 
bors 


Isolated  Plants. 

Isolated  Power  Plants.  Richard  W. 
Hale.  A  reply  to  C.  M.  Ripley's  article, 
presenting  the  case  for  the  central  station. 
3000  w.    ir  Age — Feb.  18,  1909.    No.  2508. 

Residence  Electric  Lighting  Plants. 
John  Howatt.  Brief  consideration  of 
plants  for  suburban  or  rural  residences 
and  their  requirements.  1600  w.  Minn 
Engr — Jan.,  1909.     No.  2732  C. 

Power  Plant  of  the  Heath  &  Milligan 
Paint  Works,  Chicago.  Illustrated  de- 
scription of  a  central  plant  for  furnish- 
ing heat,  light  and  power  to  various 
buildings.  2500  w.  Eng  Rec — Feb.  20,  ' 
1909.     No.  2562. 

The  Power  Plant  of  the  Hoboken  Pas- 
senger Terminal  of  the  Lackawanna  Rail- 
road. Plans  and  detailed  description  of 
.  the  new  central  station  built  for  lighting, 
heating  and  power  for  this  terminal.  3000 
w.     Eng  Rec — Feb.  13,  1909.     No.  2450. 

Power  Factor. 

The  Improvement  of  Power  Factor  in 
Alternating  Current  Systems.  Miles 
Walker.  Read  before  the  Manchester 
Sec.  of  Inst,  of  Elec.  Engrs.  Discusses 
the  improvement  by  using  synchronous 
motors,  capacity,  and  improving  the  in- 
duction motor,  and  describes  a  new  tyne 
of  machine,  termed  a  "phase  aJvancer." 
Ills.  4000  w.  Elec  Engr,  Lond — Jan.  22, 
1909.     No.  2202  A. 

Rates. 

Electric  Power  Supply  Tariffs.  Stuart 
A.  Russell.  Urges  the  more  careful  in- 
vestigation of  the  cost  of  generating  and 
transmitting  the  power.  1500  w.  Elec 
Rev,  Lond — Jan.  22,  1909.     No.  2204  A. 

LIGHTING. 

Illumination. 

The  Practical  Solution  of  Lighting 
Problems  (Les  Solutions  actuelles  du 
Probleme  de  I'Eclairage).  H.  Vigneron. 
A  general  discussion  of  the  problems  of 
illumination.  Ills.  .Serial,  ist  part.  2000 
w.    Tech  Mod— Dec,  1908.     No.  2632  D. 

Incandescent   Lamps. 

Metallic-Filament  Lamps.  W.  H.  F. 
Murdock.  Discusses  their  use  on  alter- 
nating current  supply,  tooo  w.  Elec  Rev, 
Lond — Jan.  22,  1909.     No.  2205  A. 

High-Efificiency  Lamp  Renewal.  J.  F. 
Musselman,  Jr.  Compares  the  metallic- 
filament  incandescent  lamp  with  the  car- 
bon-filament type,  from  a  standpoint  of 
cost  of  energy  and  renewal.  looo  w. 
Elec  Wld — Feb.  it,  1909.  No.  2392. 
Street. 

Street  Lighting  in  the  Smaller  Urban 
Districts.  Edgar  F.  Willson.  Read  be- 
fore the  Inst,  of  Munic.  Engrs.  Discus- 
sion. 4500  w.  Surveyor.  Feb.  t2,  1909. 
No.  2587  A. 

Street  Lighting  in  Rio  de  Janeiro.  A. 
H.    Keleher.      An    illustrated    article    de- 
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scribing  the  lighting  of  important  thor- 
oughfares. 1200  w.  Klcc  Wld — l'\h.  ir, 
1909.     No.  2390. 

MEASUREMENT. 

Dynamo  Testing. 

The  Kapp-Hopkinson  Test  on  a  Single 
Direct-Current  Machine.  Dr.  W.  Ltilofs. 
Shows  how  the  Kapp-Hopkinson  test  may 
be  adapted  for  a  single  lapwound,  direct- 
current  machine,  provided  it  is  not  sup- 
plied with  Mordey  equalizing  connections. 
1200  w.  Elect'n,  Lond— Feb.  12,  1909. 
No.  2582  A. 

Units. 

A  Note  on  Mechanical  and  Electrical 
Units  (Note  sur  les  Unites  mecaniques 
et  electriques).  A  discussion  of  the  vari- 
ous systems.  Serial,  ist  part.  2000  w. 
L'Elec'n — Jan.  23,   1909.     No.  2631   D. 

Some  Reflections  on  Systems  of  Units 
(Quelques  Reflexions  sur  les  Systemes  de 
Mesure).  M.  Brylinski.  Compares  the 
metric  and  C.  G.  S.  systems  showin?  that 
.  the  latter  is  simply  a  modification  of  the 
former.  Discussion.  8400  w.  Bui  Soc 
Int  d'Elecns — Jan.,  1909.     No.  2613  F. 

The  Actual  Situation  of  the  Metric 
System  (La  Situation  actuelle  du  Systeme 
metrique).  Ch.-Ed.  Guillaume.  A  dis- 
cussion of  the  laws  defining  the  funda- 
mental metric  units.  5200  w.  Bui  Soc 
Int  d'Elecns — Jan.,  1909.     No.  2614  F. 

POWER    APPLICATION. 
Heating. 

Electric  Heating.  W.  S.  Hadaway,  Jr. 
Considers  the  practical  adaptability  of 
commercial  electricity  for  heating  pur- 
poses and  for  performing  useful  work. 
Also  discussion.  10500  w.  Pro  Am  Inst 
of  Elec  Engrs — Feb.,  1909.  No.  2420  F. 
Pumping. 

See  Electric  Pumping,  under  ME- 
CHANICAL ENGINEERING,  Hydrau- 
lic Machinery. 

TRANSMISSION. 
Cables. 

Self-induction  of  Three-Phase  Cables. 
F.  J.  O.  Howe.    Gives  tabulated  tests  and 
method  of  calculation.     1000  w.     Elect'n, 
Lond — Feb.  12,  1909.     No.  2584  A. 
Line  Design. 

The  Tension  in  Transmission-Line 
Wires  (Sul  Calcolo  delle  grandi  Tesate 
delle  Linee  di  Transmissione  di  Energia 
elettrica).  Diofebo  Negrotti.  Mathemat- 
ical discussion  of  long-span  lines.  Ills. 
3000  w.  Monit  Tech — Jan.  10,  1909.  No. 
2650  D. 

Lines. 

The  110,000  Volt  Transmission  Line  of 
the  Grand  Rapids  Muskegon  Pov/er  Com- 
pany. Features  of  interest  are  illustrated 
and  described.  500  w.  Cent  Sta — Feb. 
1909.    No.  2384. 


Poles. 

Poles  for  Power  Transmission.  An  il- 
lustrated report  of  tests  made  in  England 
of  wooden  poles  for  transmission  lines. 
t8oo  w.  Sci  Am  Sup— Feb.  13,  1009.  No. 
2404. 

How  Bent  Iron  Side  Poles  Were  Made 
Straight  Without  Removal  in  San  Fran- 
cisco. S.  L.  Foster.  Brief  illustrated 
description  of  method  used  to  straighten 
poles  after  the  fire.  600  w.  Elec  Rv 
Jour — Feb.  6,  1909.     No.  2287. 

Protective  Devices. 

Free  Oscillations  in  Long  Lines  (Freie 
Schwingungen  in  langen  Leitungen). 
Iwan  Dorg.  Discusses  the  use  of  con- 
densers to  protect  the  line  against  sudden 
dangerous  rises  of  voltage.  Ills.  Serial. 
1st  part.  4500  w.  Elektrotech  u  Maschin- 
enbau — Jan.  31,  1909.     No.  2831   D. 

Rotary  Converters. 

The  Practical  Operation  of  Rotary  Con- 
verters (Instructions  pratiques  sur  la 
Conduite  des  Commutatrices) .  J.  A.  Monl  - 
pellier.  The  first  part  of  the  serial  dis- 
cusses starting.  Ills.  Serial,  ist  part. 
1800  w.  L'Elecn — Jan.  16,  1909.  No.  2630  D. 

Sub-stations. 

Sub-Stations.  H.  B.  Gear  and  P.  F. 
Williams.  The  design,  equipment  and 
management  of  sub-stations  to  secure 
economy  of  operation.  Ills.  6500  w.  Elec 
Age — Feb.,  1909.     No.  2509. 

Transformer    Substation    for    Niagara 
Energy  at  Rochester,  N.  Y.     Brief  illus- 
trated description.     1500  w.     Elec  Wld — 
Feb.  18,  1909.     No.  2516. 
Transformers. 

Comparative  Tests  of  Transformers. 
A.  C.  Scott.  Gives  results  of  a  compari- 
son of  the  performances  of  one-kilowatt 
units  of  certain  commercial  lines  of  trans- 
formers. 2000  w.  Elec  Wld — Feb.  4, 
1909.     No.  2269. 

Transformer  Sets  for  Variable  Voltage 
Electric  Furnace  Requirements.  C  I. 
Zimmerman.  Describes  two  methods  of 
obtaining  variable  voltages  when  currents 
as  high  as  40,000  or  more  amperes  are 
needed.  3000  w.  Wis  Engr — Dec,  1908. 
No.  2734  D. 

4450  Kilovolt-Ampere  Transformers  for 
Electrochemical  Work  (Trans formatoren 
von  4450  KVA  fiir  elektrochemische 
Zwecke).  M.  H.  Yazidjian.  Illustrated 
detailed  description.  3500  w.  Elektrotech 
u     Maschinenbau — Jan.     17,      1909.     No. 

2829   D. 

Switch  Gear  for  Transformer  Installa- 
tions (Schaltanlagen  fiir  Umformer- 
werke).  H.  Probst.  Illustrates  and  de- 
scribes several  recent  typical  installations. 
Serial,  ist  part.  1500  w.  Elek  Kraft  u 
Bahnen— Jan.  4,   1909.     No.  2823   D. 

See  also  Substations,  under  Transmis- 
sion. 
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Voltage. 

Lengtli  and  Voltage  of  Transmission 
Lines.  Alton  D.  Adams.  Discusses  the 
influence  of  pressure  upon  electrical  trans- 
mission. 2500  w.  Cassier's  Mag — Feb., 
1909.     No.  2331  B. 

Voltage  Losses. 

Voltage  Loss  in  Alternating-Current 
Overhead  Lines.  J.  A.  Morton.  Describes, 
in  terms  of  British  conditions  and  prac- 
tice, the  method  for  finding  voltage  losses 
as  given  by  C.  F.  Scott  and  C.  P.  Fowler. 
in  the  Elec.  Jour.  1800  w.  Elec  Rev, 
Lond— Jan.  8,  1909.     No.  1805  A. 

Voltage  Regulation. 

Applications  of  the  Thury  Automatic 
Regulator  in  Electrical  Plants^  (Applica- 
tions du  Regulateur  automatique,  Sys- 
teme  Thury,  dans  les  Installations  elec- 
triques).  Illustrated  detailed  description 
of  the  apparatus  and  some  of  its  appli- 
cations. 2600  w.  Genie  Civil — Dec.  12, 
1908.     No.  1929  D. 

MISCELLANY. 

Electric  Piano-Players. 

The  Development  of  the  Electric  Piano 
Player.     John   F.   Kelly.     Reviews   work 


in  this  field  since  1850,  especially  describ- 
ing the  players  now  made  by  the  Telelec- 
tric  Co.  Ills.  3500  w.  Jour  Fr  Inst — 
Jan.,  1909.     No.   1847  D. 

Fire  Alarms. 

Albany's  Fire  Alarm  Equipment.  Illus- 
trated general  description  of  recently  com- 
pleted central  ot^ce  equipment  of  the  fire 
department.  2000  w.  Munic  Jour  & 
Engr — Feb.  3^  1909.     No.  2235. 

Fire  Risk. 

Electricity  and  Fire  Hazards.  Noel 
Murray.  Abridged  paper  read  before  the 
Elec.  Assn.  of  Victoria,  Australia.  States 
the  principal  causes  of  electrical  fires.  3500 
w.  Aust  Min  Stand — Dec.  9,  1908.  No. 
1896  B. 
Germany. 

Electric  Industry  in  Germany.  Walde- 
mar  Koch.  Reviews  important  features 
of  its  development.  1500  w.  Elec  Jour 
— Jan.,  1909.     No.  2271. 

Review  of  1908. 

The  Progress  of  Electrical  Science  Dur- 
ing 1908.  E.  E.  Fournier  d'Albe.  A  gen- 
eral review.  2500  w.  Elect'n,  Lond — Feb. 
72,  1909.     No.  2583  A. 


INDUSTRIAL  ECONOMY 


Accounting. 

Machine- Shop  Cost  Accounting  bv  Ma- 
chinery. Illustrated  description  of  the  tab- 
ulating-machine  system,  explaining  its  ad- 
vantages. 2500  w.  Am  Mach — Vol.  32. 
No.  7.    No.  2512. 

Inventory  Books  for  Factories  (Inven- 
tarienbiicher  fiir  Industriebetriebe).  Herr 
Lewin.  Illustrates  and  describes  two 
forms.  2500  w.  Zeitschr  fiir  Werkzeug— 
Jan.  25,  1909.     No.  2694  D. 

See    also    same    title,    under    MINING 
AND  METALLURGY,  Mining. 
Austria. 

Cost  of  Engineering  Materials  and  La- 
bor in  Austria.  Editorial,  giving  authen- 
tic figures  concerning  the  cost  of  labor 
and  engineering  materials  in  different  dis- 
tricts. 1700  w.  Engng — Feb.  5,  1909.  No. 
2489  A. 

Cost  Systems. 

Systematic  Foundry  Operation  and 
Foundry  .Costs.  C.  E.  Knoeppel.  This 
sixth  article  of  a  series  deals  with  foun- 
dry organization  and  management.  3500 
w.  Engineering  Magazine — March,  1909. 
No.  2786  B. 

A  Simple  Cost  System  for  Complex  Sit- 
uations. John  Sturgess.  Outlines  sys- 
tems that  failed  and  the  reasons,  and  de- 
scribes a  system  enabling  accurate  costs 
to  be  obtained  at  moderate  expense.  3000 
w.  Engineering  Magazine — March,  1909. 
No.  2784  B. 


Depreciation. 

Depreciation.    A.  W^inder.    Suggestions 
on    methods   of   determining   the   loss   in 
value  of  machinery.     1000  w.      Cassier's 
Mag — Feb.,  1909.    No.  2332  B. 
Education. 

The  Education  and  Organization  of 
Railway  Enginering  Labor.  J.  E.  Muhl- 
field.  A  study  of  the  best  preparation  for 
success  in  this  field — with  general  discus- 
sion. 12500  w.  Pro  N  Y  R  R  Club — 
Jan.  IS,  1909.    No.  2413. 

Engineering  at  the  University  of  To- 
ronto. Walter  J.  Francis.  Illustrates  and 
describes  the  recent  developments,  new 
buildings,  improved  equipment  and  facili- 
ties for  instruction.  3000  w.  Engr,  Lond — 
Jan.  29,  1909.  Serial,  ist  part.  No.  2366  A. 

The  St.  Regis  Operating  Engineers' 
Training  School.  Explains  the  object  of 
the  society,  and  methods.  5000  w.  Elec 
Age — Feb.,  1909.    No.  251 1. 

The  Education  of  Foundrymen  in 
France  (Ausbildung  von  Giessereitech- 
nikern  in  Frankreich).  C.  Irresberger. 
Outlines  the  methods  followed  in  the 
Ecoles  Nationales  d'Arts  et  Metiers.  Ills. 
2100  w.  Stahl  u  Eisen — Jan.  27,  1909.  No. 
2666  D. 

Franchises. 

How  New  York  City  Submits  Applica- 
tions for  Public  Service  Franchises  to  an 
Engineering  Department.  With  a  report 
of  the  Franchise  Division  on  an  applica- 
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tion  and  an  editorial.    7000  w.    Eng  News 
—Feb.  ir,  1909.     No.  2394. 

Great  Britain. 

The  Engineering  Industries.  Extracts 
from  the  Tariff  Commission  Report.  3000 
w.  Engng — Jan.  29,  1909.  Serial.  ist 
part.      No.  2364  A. 

Industrial  Betterment. 

Environment  and  Its  Effects  on  Work- 
men and  Their  Work.  Frank  Somers. 
Read  before  the  Birmingham  Assn.  of 
Mech.  Engrs.  Ills.  1800  w.  Ir  &  Coal 
Trds  Rev — Feb.  5,  1909.    No.  2497  A. 

Industrial  Legislation. 

Proposed  Workmen's  Compensation 
Act  in  New  York.  Gives  the  substance 
of  a  bill  relating  to  compensation  to  work- 
men for  accidental  injuries  in  the  course 
of  employment.  Also  editorial.  2000  w. 
R  R  Age  Gaz — Feb.  5,  1909.    No.  2302. 

Kashmir. 

Kashmir.  Concerning  a  proposed  scheme 
for  the  industrial  development  of  this 
beautiful  valley  of  British  India.  3000  w. 
Engr,  Lond — Feb.  12,  1909.     No.  2700  A. 

Labor. 

Arbitration  in  Railway  and  Engineer- 
ing Labor  Disputes.  Editorial  on  the  set- 
tlement, through  arbitration,  of  points  of 
difference  between  the  L.  &  N.-W.  Ry.  Co. 
and  its  employes,  with  discussion  of  the 
general  system  of  arbitration.  2500  w. 
Engng — Feb.  12,  1909.    No.  2595  A. 

Labor  Insurance. 

Insurance  Against  Unemployment 
(L'Assurance  contre  le  Chomage).  Mau- 
rice Bellom.  A  comment  on  M.  P.  Mau- 
rice's articles  on  this  subject  in  Le  Genie 
Civil  for  Dec.  5,  1908,  et  seq.  3200  w. 
Genie  Civil — Jan.   16,  1909.     No.  2642  D. 

Management. 

Efficiency  as  a  Basis  for  Operation  and 
Wages.  Harrington  Emerson.  Ninth  and 
last  of  a  series  of  papers  on  efficiency 
ideals  and  practice,  discussing  what  the 
system  may  accomplish.  .  2000  w.  Engi- 
neering Magazine — March,  1909.  No. 
2789  B. 

Training   Workmen    in    Habits    of    In- 


dustry and  Cooperation.  H.  L.  Gantt's 
paper  is  discussed.  9500  w.  Jour  Am  Soc 
of  Mech  Engrs — Feb.,  1909.     No.  2407  F. 

See  also  Wage  Systems,  under  Indus- 
trial Economy. 
Natural  Resources. 

Forest  Potentialities  of  the  South.  W. 
W.  Ashe.  Information  concerning  the 
value  of  the  forest  products,  and  their 
present  condition.  2200  w.  Mfrs  Rec — 
Feb.  25,  1909.     No.  2744. 

Records. 

See  Record  Systems,  under  CIVIL  EN- 
GINEERING, Construction. 

Standardization. 

Standardization  and  Its  Relation  to  the 
Trade  of  the  Country.  Sir  John  Wolfe 
Barry.  A  lecture  delivered  before  the 
Inst  of  Engrs.  &  Shipbldrs.  in  Scotland. 
On  the  work  of  the  Engineering  Stand- 
ards Committee  and  its  benefits.  8000  w. 
Engng — Jan.  29,  1909.     No.  2365  A. 

Strikes. 

Employers'  Insurance  Against  Strikes. 
Editorial  on  the  conditions  and  the  ob- 
ject of  the  Mutual  Industrial  and  Com- 
mercial Fund  which  has  been  established 
in  the  North  of  France.  3000  w.  Engng 
— Jan.  29,  1909.     No.  2362  A. 

Tariffs. 

The  Neutral  Line.  Henry  R.  Towne. 
From  a  paper  read  before  the  Tariff  Com- 
mission Convention.  A  plea  for  scientific 
regulation  of  the  tariff.  2500  w.  Ir  Age 
— Feb.  25,  1909.     No.  2745. 

Proposed  New  French  Tariff  on  Iron 
and  Steel.  Gives  the  important  changes 
that  have  been  recommended,  with  edi- 
torial comment.  3000  w.  Ir  &  Coal 
Trds  Rev — Feb.  5,  1909.     No.  2496  A. 

Wage  Systems. 

Added  Rewards  to  Workmen.  A  new 
plan  of  the  Lodge  &  Shipley  Machine 
Tool  Company  explained.  2000  w.  Ir 
Age — Feb.    11,    1909.     No.   2388. 

The  Premium  System  in  a  Large  Job- 
bing Shop.  T.  A.  Sperry.  Outlines  a  suc- 
cessful application  that  effected  great  re- 
duction in  shop  costs.  3500  w.  Am  Mach 
— Vol.  32.     No.  7.     No.  2515. 


MARINE  AND  NAVAL  ENGINEERING 


Battleships. 

Comparative  Strength  of  the  Navies  of 
the  World.  An  estimate  based  upon  the 
battleship  and  cruiser  strength.  1700  w. 
Sci  Am — Feb.  20,  1909.     No.  2527. 

Gas  Engines. 

Gas  Power  Aboard  Ships.  Henry  Pen- 
ton.  A  critical  review  of  papers  by  Capt. 
A.  B.  Willits.  1800  w.  Marine  Rev — 
Feb.  4,  1909.     No.  2313. 


Adaptability  of  Producer  Gas  for  Ma- 
rine Work.  E.  Shackleton.  Read  before 
the  Inst,  of  Marine  Engrs.  Outlines  a 
scheme  for  large  vessels  from  4000  to 
5000  tons  gross.  2500  w.  Int  Marine 
Engng — Feb.,  1909.     No.  2264  C. 

Gasoline  Engines. 

A  New  Reversing  Motor  for  Launches 
and  Yachts.  G.  O.  M.  Olsson.  Explains 
the  operation  of  a  reversing  internal  com- 
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l)uslion  motor.    Ills.    2000  w,    Int  Marine 
Engng — Feb.,  1909.     No.  2263  C. 

Ice  Breakers. 

Ocean  and  River  Ice  (Les  Glaces  de 
Mer,  Glaces  de  Rivieres,  Manoeuvres  de 
Preservation  et  de  Deglagage).  M.  Dibos. 
A  discussion  of  glaciology  in  its  relation 
to  the  problems  of  ocean  and  river  navi- 
gation. Ills.  23000  w.  Mem  Soc  Ing  Civ 
de  France — Nov.,  1908.     No.  2604  G. 

Life- Saving  Appliances.  . 

Novel  Life-Saving  Apparatus.  A  cyl- 
indrical cage  built  of  rope  ladders  an- 
chored by  iron  hoops,  is  illustrated  and 
described.  It  is  simple  in  design  and  op- 
eration and  has  been  adapted  by  the  Ger- 
man Admirality.  700  w.  Sci  Am — Feb. 
13.  1909     No.  2400. 

Model  Basins. 

The  Development  and  Present  Status  of 
the  Experimental  Model-Towing  Basin. 
H.  A.  Everett  Illustrates  and  describes 
a  number  of  these  tanks.  2500  w.  Int 
Marine  Engng — Feb.,  1909.  Serial,  ist 
part.     No.  2261  C. 

Oil  Engines. 

The  Application  of  the  Diesel  Motor  to 
Marine  Work  (Application  du  Moteur 
Diesel  a  la  Navigation),  A.  Bochet.  A 
description  of  types  and  of  results  in  ser- 
vice with  a  review  of  possible  develop- 
ments. Ills.  5200  w.  Mem  Soc  Ing  Civ 
de  France — Nov.,  1908.  No.  2603  G. 
Propellers. 

See    Steam   Engines,    under   MARINE 
AND  NAVAL  ENGINEERING. 
Salvage  Steamers. 

An  American  Salvage  and  Repair 
Steamer.  Illustrated  description  of  the 
steamer  "Favorite,"  in  use  on  the  Great 
Lakes.  It  is  of  steel  construction  and 
built  for  heavy  weather.  1000  w.  Engr, 
Lond— Feb.  5,  1909.  No.  2492  A. 
Ship  Design. 

Unsinkable  and  Uncapsizable  Ships. 
•Gen.  E.  E.  Goulaeff.  Read  before  the  Inst, 
of  Naval  Archts.  Illustrates  and  describes 
the  Goulaeff  form  and  system  of  con- 
struction. 5500  w.  Sci  Am  Sup — Feb.  13, 
1909.     No.  2403. 

The  New  Freeboard  Regulations  of  the 
German  Marine  Association  and  Modern 
Steamships  (Die  neuen  Freibordvor- 
schriften  der  See-Berufsgenossenschaft 
und  die  modernen  Dampfertypen).  Carl 
Kielhorn.  Discusses  the  effect  of  the  reg- 
ulations on  the  cost  and  powering  of 
ships.  Ills.  6000  w.  Schiffbau— Jan.  13, 
1909.  No.  2685  D. 
Ship  Heating. 

The  Heating  of  Modern  Ocean  Liners. 
W.  Carlile  Wallace.  From  a  paper  read 
before  the  Inst,  of  Naval  Archts.  De- 
tailed discussion  of  systems  used  on  a 
number  of  vessels,  cost,  etc.  3500  w.  Int 
Marine  Engng — Feb.,  1909.    No.  2259  C. 


Piping  Up  a  Merchant  Vessel  for  Steam 
Heat.    Allan  Dale.    Information  based  on 
experience.     3000  w.     Int  Marine  Engng 
— Feb.,  1909.     No.  2260  C. 
Ship  Stabilty. 

Apparatus  for  Recording  the  Rolling 
and  Pitching  of  Ships.  Illustration  and 
translated  description  from  Zeit.  fiir  In- 
strumentenkunde.  900  w.  Engng — Feb. 
12,  1909.     No.  2590  A. 

The  Stability  of  Steamships  (Stabilite 
des  Bateaux  a  Vapeur).  M.  Cornaz.  A 
general  discussion.  4500  w.  Bui  Tech  d 
1  Suisse  Romande — Jan.  25,  1909.  No. 
2628  D. 

Ship  Ventilation. 

Ventilating  Plants  on  Shipboard  (Note 
au  Sujet  des  Installations  de  Ventilation 
a  Bord  des  Navires).  M.  Boris.  An  ex- 
haustive discussion  of  their  design  and  in- 
stallation. Ills.  Serial,  ist  part.  8500  w. 
Rev  de  Mecan — Jan.,  1909.  No.  2623  E  +  F- 
Steam  Engines. 

The  Efficiency  of  Marine  Engines  and 
Propellers.  J.  Hamilton  Gibson.  Sug- 
gestions bearing  on  the  problem  of  me- 
chanical efficiency  of  marine  engines.  2000 
w.  Engr,  Lond — ^Jan.  29,  1909.  No. 
2368  A. 

See    also    Locomotives,    under    RAIL- 
WAY  ENGINEERING,   Motive   Power 
AND  Equipment. 
Steamships. 

Steam  Collier  or  Ore  Vessels  Adapted 
for  Belt  Conveyor  Discharge.  Gives  il- 
lustrated description  of  a  new  type  of 
vessel  in  which  the  coal  or  ore  is  dis- 
charged by  belt-conveyors.  1400  w.  Ir 
&  Coal  Trds  Rev — Jan.  29,  1909.  No. 
2273  A. 

The  Pacific  Steam  Navigation  Com- 
pany's Twin-Screw  Steamer  "Orcoma." 
Illustrations,  deck  plans  and  description  of 
a  vessel  built  for  high  economy  in  the 
merchant  service.  900  w.  Engng — Feb. 
12,  1909.    Serial,    ist  part.    No.  2592  A. 

The  Twin-Screw  Passenger  and  Freight 
Steamship  "Prinz  Friedrich  Wilhelm" 
(Der  Doppelschrauben-Personen-  und 
Frachtdampfer  "Prinz  Friedrich  Wil- 
helm"). Illustrated  description  of  this 
new  North  German  Lloyd  liner.  Serial. 
1st  part.  2300  w.  Zeitschr  d  Ver  Deut- 
scher  Ing — Jan.  2,  1909.    No.  2834  D. 

The  Twin-Screw  Passenger  and  Freight 
Steamship  "George  Washington"  of  the 
North  German  Lloyd  (Der  Doppelschraub- 
en-Passagier-  und  Frachtdampfer  "George 
Washington"  des  Norddeutschen  Lloyd). 
Paul  Driessen.  Illustrated  detailed  de- 
scription. Plates.  20000  w.  SchiflFbau — 
Jan.  27,  1909.  No.  2686  D. 
Tugs. 

A  Large  Sea-Going  Tug.  Illustrated  de- 
scription of  the   "Mary  F.   Scully,"  built 
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at    Statcn    Island.      1200  w.      Int   Marine 
Engng — Feb.,  1909.    No.  22^)2  C. 
U,  S.  Merchant  Marine. 

The  Rehabilitation  of  the  Anieric'an 
Merchant  Marine.  Samuel  Holmes.  Re- 
views briefly  the  history  of  the  American 
mercantile  marine,  explaining  the  present 
situation.  3500  w.  Nant  Gaz — Jan.  28, 
1909.       Serial,     ist  part.     No.  2166. 

U.  S.  Navy. 

The  Engineering  Question  in  the  United 
States   Navy.     Critical   discussion   of  the 


abolition  of  the  bureau  systion  and  the 
control  of  engineering  work  by  the  navah 
constructor.  4000  w.  Engineering  Maga- 
zine— March,    1909.      No.    2783    B. 

Yachts. 

The  New  American  Magnetic  Survey 
Yacht  Carnegie.  Explains  the  need  of 
frequent  examination  of  the  state  of  mag- 
netism of  the  earth,  and  gives  illustrated 
description  of  a  vessel  specially  designed 
for  the  work,  2200  w.  Naut  Gaz — Jan. 
28,  1909.     No.  2165. 
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AUTOMOBILES. 

Belsize. 

The  14-16  h.p.  Belsize.  Illustrated  de- 
scription of  a  medium  powered  car.  1500 
w.    Autocar — Jan.  30,  1909.    No.  2338  A. 

Berliet. 

The  15-H.P.  Live-Axle  Berliet.  Illus- 
trated detailed  description.  1600  w.  Au- 
to Jour — Feb.  13,   1909.     No.  2578  A. 

Brakes. 

Modern  Trend  of  Design  in  Motor 
Brakes.  Lawrence  Whitcomb  and  Thomas 
J.  Fay.  Read  before  the  Soc.  of  Auto. 
Engrs.  Discusses  the  design  of  brakes  in 
connection  with  the  clutch.  4500  w.  Au- 
tomobile— Feb.  18,  1909.    No.  2533. 

Carburettors. 

The  Zenith  Carburettor.  Illustrated  de- 
scription of  an  automatic  carburettor  for 
which  the  designers  claim  that  absolute 
self-regulation  is  obtained  without  the  in- 
troduction of  auxiliary  air  or  the  use  of 
any  moving  parts.  1800  w.  Auto  Jour — 
Jan.  30,  1909.    No.  2342  A. 

Commercial  Vehicles. 

A  Heavy  Oil  Motor  Wagon.  Illustrated 
description  of  a  vehicle  for  use  in  South 
America.  1200  w.  Engr,  Lond — Jan.  22, 
1909.    No.  2225  A. 

Electric. 

Modern  Electric  Automobiles  (Moderne 
Elektromobile).  K.  Schirmbeck.  Illus- 
trates and  describes  recent  types.  3600  w. 
Zeitschr  d  Mit  Motorwagen-Ver — jfan,  15, 
1909.    No.  2800  D. 

Electric  Dynamos. 

The  Dynamo.     Illustrates  and  describes 
a  new  system  of  making  electricity  on  the 
car.     1200  w.     Auto  Jour — Jan.  30,  1909. 
No.  2341  A. 
Exhibitions. 

Automobile  Progress  in  1908  (Les 
Progres  de  I'Automobilisme  en  1908).  F. 
Drouin.  Illustrated  review  of  progress  and 
improvements  as  shown  at  the  Paris 
"Salon."  Serial,  ist  part.  3200  w.  Genie 
Civil — Jan.  16,  T909.    No.  2641  D. 


Aeronautics  and  Commercial  Vehicles  at 
the  Paris  "Salon"  (Le  Salon  de  I'Aero- 
nautique  et  des  Vehicules  industriels).  G. 
Espitallier.  Describes  some  of  the  exhib- 
its. Ills.  5500  w.  Genie  Civil — Jan.  9, 
1909.    No.  2639  D. 

Farm  Motors. 

An  Egyptian  Cultiv^itor.  A  machine  of 
original  construction  is  described.  Ills. 
1200  w.   Sci  Am— Feb.  13,  1909.   No.  2399. 

Germain. 

The  20  h.p.  Germain.  Illustrated  de- 
scription of  new  type  of  light  6-cylinder 
car.  1400  w.  Autocar — Feb.  13,  1909.  No. 
2577  A. 

Ignition. 

Ten  Years'  Progress  in  Magneto  Igni- 
tion. J.  A.  Williams.  Discusses  the  sub- 
ject of  electric  ignition.  2500  w.  Auto- 
mobile— Feb.  25,  1909.     No.  2771. 

Itala. 

The  16-20  h.p.  Itala.  Brief  illustrated 

description.      600    w.  Autocar — Feb.   6, 
1909.     No.  2475  A. 

Light  Cars. 

Light  Cars  (Das  Kleinauto).  Herr 
Schwerdtfeger.  Discusses  their  develop- 
ment and  suggests  means  of  simpifying 
their  construction.  Ills.  2800  w.  Zeitschr 
d  Mit  Motorwagen  Ver— Jan.  30,  1909. 
No.  2801  D. 

Motors. 

New  and  Novel  Designs  in  French  Mo- 
tors. W.  F.  Bradley.  Illustrated  de- 
scriptions of  the  Aries  4-cylinder  motor, 
and  of  the  Korwin  &  Rebikoff  3-cycle  mo- 
tor. 1200  w.  Automobile — Feb.  18,  1909- 
No.  2532. 

See  also  Piston  Rings,  under  Machine 
Elements  and  Design. 
Sleighs. 

Motoring  on  Runners.  Illustrates  and 
describes  experimental  motor  sleds.  1500 
w.    Sci  Am— Feb.  27,  1909.    No.  2780. 

Speedwell. 

1909  Speedwell.  Illustrated  detailed 
description,    calling    attention    to    recent 
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improvements.       T500    w.       Automobile— 
Feb.   IT,   1909.     No.  2439. 

Tires. 

True  Story  of  the  Automobile  Tire.  H. 
S.  Firestone.  A  brief  account  of  methods 
of  gathering  rubber  and  preparing  it  for 
use,  the  combination  with  cotton  in  mak- 
ing tires,  etc.  Ills.  1400  w.  Automobile 
—Feb.  II,  1909.     No.  2438. 

Automobile  Pneumatics  at  the  Paris 
Road  Congress  (Der  Automobilpneu- 
matik  auf  dem  Pariser  Strassenkongress). 
Herr  Krastel.  Reviews  the  discussions  on 
the  effect  of  high-speed  automob*les  on 
roads,  etc.  Ills.  2600  w.  Motorwagen— 
Jan.  10,  1909.     No.  2803  D. 

Transmissions. 

A  Hydraulic  Variable  Speed  Transmis- 
sion. Illustrated  detailed  description  of 
the  Manly  Drive,  with  report  of  tests. 
1700  w.     Eng  News — Feb.  18,  1909.     No. 

2523- 

COMBUSTION   MOTORS. 

Fuels. 

Denatured  Alcohol  and  Its  Industrial 
Applications  (L'Alcool  denaturee  et  ses 
Emplois  industriels).  Albert  Dulac.  A 
review  of  its  production  and  use  as  a 
motor  fuel  in  France.  Ills.  Serial,  ist 
part.  2000  w.  Tech  Mod — Dec,  1908.  No. 
2633  D. 
Gas  Calorimetry. 

See  Calorimetry,  under  Measurement. 

Gas  Engine  Design. 

To  Determine  Size  of  Gas  and  Oil  En- 
gine Cylinders.  Newton  Wright.  Gives 
formulae  with  explanatory  notes.  900  w. 
Mach,  N  Y— Feb.,  1909.    No.  2244  C. 

Gas  Engine  Efficiency. 

A  Graphical  Method  of  Calculating  Gas- 
Engine  Efficiencies.  Edward  William  Hol- 
lingworth.  An  explanation  of  a  method 
for  calculating  the  theoretical  efficiency 
of  gas-engines.  15CO  w.  Inst  of  Civ  Engrs 
— No.  3750.    No.  2791  N. 

Gas  Engines. 

The  Theory  of  Explosion  and  Combus- 
tion Motors  (Introduction  a  I'Etablisse- 
ment  de  la  Theorie  des  Moteurs  a  I'Ex- 
plosion  et  a  Combustion).  L.  Letombe.  A 
general  discussion.  Ills.  4500  w.  Tech 
Mod — Jan.,  1909.     No.  2634  D. 

Increasing  the  Efficiency  and  Capacity 
of  Large  Gas  Engines  by  Cooling  the 
Charge.  F.  E.  Junge.  Comments  on 
the  results  of  Prof.  Junker's  investiga- 
tions to  ascertain  the  influence  of  charge 
temperature.  1000  w.  Power — Feb.  2, 
1909.     No.  2189. 

See  also  Central  Stations,  under 
ELECTRICAL  ENGINEERING,  Gen- 
erating Stations  ;  and  Blowing  Engines, 
under  MINING  AND  METALLURGY, 
Iron  and  Steel. 

Gas  Metering. 

Experiments  on  a  Method  of  Measur- 


ing the  Air-  or  Gas-Supply  to  Engines 
and  Furnaces.  Andrew  George  Ashcroft. 
Describes  experiments  made  in  connection 
with  a  series  of  tests  on  internal  combus- 
tion engines.  Ills.  1700  w.  Inst  of  Civ 
Engrs— No.  3778.    No.  2798  N. 

Gasoline  Engines. 

Proportions  of  Diameter  and  Stroke  in 
Petrol  Engines.  A  discussion  of  what 
proportions  give  the  lightest  engine  and 
the  most  convenient  arrangement  of  parts. 
Ills.  2500  w.  Engng — Jan.  22,  1909.  No. 
2218  A. 

Foreign  Aeronautic  Motors.  Some  of 
the  latest  light-weight  gasoline  engines 
for  flying  machines  that  have  been 
brought  out  in  Europe  are  illustrated  and 
described.  3000  w.  Sci  Am  Sup — Feb.  13, 
1909.     Serial,     ist  part.     No.  2405. 

Gasoline  Turbines. 

Test  of  a  Gasoline  Turbine  (Essai  d'une 
Turbine  a  Petrole).  Alfred  Barbezat.  De- 
scribes the  machine,  its  theory,  the  tests 
and  the  significance  of  their  results.  Ills. 
2200  w,  Schweiz  Bau — Jan.  16,  1909.  No. 
2690  B. 

Gas  Power  Plants. 

Suction  Gas  Producer  Power.  L.  P 
Tolman.  Deals  with  suction  gas  power 
plants  in  single  units  of  200  h.p.  and 
smaller,  and  complete  plants  made  up  of 
a  number  of  such  units  1000  h.p  or  larger. 
Ills.  4500  w.  Cal  Jour  of  Tech — Jan., 
1909.    No.  2712. 

Letombe  Power  Gas  Installation  of 
1000  Indicated  Horse-Power  Capacity.  Il- 
lustrated description  translated  from  Re- 
vue Ind.  3000  w.  Mech  Engr — Feb.  5, 
1909.     No.  2478  A. 

See  also  Central  Stations,  under  ELEC- 
TRICAL ENGINEERING,  Generating 
Stations. 

Gas  Producers. 

A  Process  of  Making  Gas  from  Oil. 
Walter  C.  Willard.  Illustrates  and  de- 
scribes a  method  and  apparatus  which 
utilizes  residuum  oil,  reporting  tests.  2500 
w.    Ir  Trd  Rev — Feb.  11,  1909.     No.  2441. 

Pyrometers  in  Gas  Producer  Operations. 
R.  L.  Frink.  An  account  of  results  ob- 
tained by  a  method  of  controlling  the  fires 
by  means  of  temperature  indication,  and 
by  the  use  of  a  properly  installed  pyro- 
meter. 2500  w.  Pro  Age — Feb.  15,  1909. 
No.  2455. 

Gas  Producers  and  Gas  Firing.  Ernest 
Schmatolla.  Presents  the  advantages  of 
gas  producers  in  their  fuel  economy, 
smoke  prevention,  etc.,  illustrating  and  de- 
scribing types  and  explaining  their  oper- 
ation. 6000  w.  Min  Jour — Feb.  6,  1909. 
No.  2481  A. 
Oil  Engines. 

See  Gas  Engine  Design,  under  Com- 
bustion Motors,  and  Oil  Engines,  under 
MARINE  AND  NAVAL  ENGINEER- 
ING. 
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HEATING    AND   COOLING. 

Air  Filtration. 

The  Conibemalc  System  of  Air  Filtra- 
tion (Le  L'iltrage  dc  I'Air,  Systeme  Coni- 
bemalc). J.  J.  Fillet.  Illustrated  descrip- 
tion. 1800  w.  Bill  Soc  d'Encoiir — Dec., 
1908.     No.  2621  G. 

Central  Plants. 

Tlie  Operation  of  Central  Heating 
Plants  in  Office  Buildings  (Mitteilungen 
iibcr  den  Betrieb  von  Zentralheizungen  in 
Amtsgebauden).  Leopold  Nowotny.  A 
practical  discussion  of  possible  difficulties. 
Ills.  2900  w.  Oest  Wochenschr  f  d 
Oeflfent  Baudienst — Jan.  2,  1909.  No. 
2815  D. 

Cooling  Towers. 

Cooling  Towers.     H.  F.  Blake.     Classi- 
fies and  describes  types,  with  remarks  on 
their  use  and  efficiency.     2000  w.     Power 
— Feb.  9,  1909.     No.  2380. 
Electric  Heating. 

See     Heating,     under     ELECTRICAL 
ENGINEERING,  Power  Applications. 
Piping. 

Cast  Iron  Pipe  and  Fittings — Their 
Defects.  Charles  R.  Schmidt.  Discusses 
the  subject  of  house  drainage,  soil  pipes, 
and  fittings,  etc.  Ills.  3500  w.  Dom 
Engng — Feb.  20,  1909.    No.  2572. 

Refrigeration. 

Refrigerating  Machines,  Compression, 
Absorption.  Gardner  T.  Voorhees.  Com- 
parison of  capacities  and  economies  of 
compression  and  absorption  systems  and 
of  the  combined  system.  3000  w.  Ice  & 
Refrig — Feb.,  1909.     No.  2289  C. 

See    also    Reinforced    Concrete,    under 
CIVIL  ENGINEERING,  Construction. 
Ventilation. 

A  Central  Controller  for  a  Ventilating 
Plant  with  Automatic  Regulation  of  the 
Air  Temperature  (Zentralschalter  fiir 
Liiftungsanlagen  mit  selbsttiitiger  Rcgu- 
lierung  der  Zulufttemperatur).  Herr  Ar- 
noldt.  A  detailed  description  of  an  in- 
stallation of  this  type.  Ills.  2800  w. 
Gesundheits-  Ing — Jan.  9,  1909.  No.  2806  D. 

See    also    Wind,    under    Heating    and 
Cooling. 
Wind. 

Effect  of  Wind  on  Heating  and  Ventil- 
ating. H.  W.  Whitten.  Read  before  the 
Am.  Soc.  of  Heat.  &  Vent.  Engrs.  Dis- 
cusses air  leakage  and  reports  tests  made. 
1500  w.  Met  Work — Jan.  30,  1909.  No. 
2170. 

HYDRAULIC  MACHINERY. 

Centrifugal  Pumps. 

Centrifugal  Pumps.  E.  N.  Percy.  Re- 
views some  of  the  advantages  and  appli- 
cations of  centrifugal  pumps.  1700  w. 
Mach,  N  Y — Feb.,  1909.     No.  2243  C 

The  Theory  of  Centrifugal  Pumps  and 


I'aiis  under  Variable  Operating  Condi- 
tions on  the  llyj)otlKsis  of  a  Parabolic" 
Q-H  Characteristic  (Zur  Theorie  der 
Zentrifugalpumpcn  und  Ventilatoren  bci 
vcranderlichen.  Betriebsbedingungen  un- 
ter  Voraussetzung  einer  parabolischen 
Q-II-Charakteristik),  E.  Busse.  Mathe- 
matical. Ills.  Serial,  ist  part.  1800  w. 
Zeitschr  f  d  Gesamte  Turbinenwesen — 
Jan.  9,  1909.     No.  2696  D. 

Cornish  Pumps. 

Cornish  Pumps  and  Pumping  Engines. 
Henry  F.  Collins.  Notes  on  the  advan- 
tages of  Cornish  pumping.  1800  w.  Min 
&  Sci  Pr — Feb.  20,  1909.  Serial,  ist  part. 
No.  2765. 

Electric  Pumping. 

The  Electro-Hydraulic  Pumping  Plant 
at  the  Bristol  Docks.  W.  A.  Clatworthy. 
Read  before  the  Newcastle  Sec.  of  Inst, 
of  Elec.  Engrs.  Illustrated  description  of 
a  plant  to  provide  power  for  operating 
cranes,  capstans,  lock  gates,  bridges,  etc., 
in  connection  with  the  Bristol  Docks.  2500 
w.  Elec  Engr,  Lond — Feb.  12,  1909.  No. 
2581  A. 

Hydrodynamics. 

The  Influence  of  Molecular  Attraction 
on  Hydrodynamic  Theory  (SulT  Influenza 
delle  Attrazioni  molecolari  nei  Fatti  idro- 
dinamici).  P.  Alibrandi.  A  mathematical 
and  theoretical  discussion  of  fundamental 
hydraulic  theorems.  Ills.  5200  w.  Ann  d 
Soc  dTng  e  d  Arch  Ital — Jan.  i,  1909.  No. 
2648  F. 

Penstocks. 

Penstocks  for  Water  Power  Plants. 
Frank  Koester.  Information  concerning 
recent  practice,  materials  used,  methods  of 
construction,  etc.  Ills.  3000  w.  Eng  Rec 
— Feb.  20,  1909.  No.  2565. 
Pumping  Engines. 

See    also    Cornish    Pumps,    under    Hy- 
draulic Machinery. 
Pumping  Plants. 

Pumping  Station  for  Flood-Water  at 
Southsea.  Illustrates  and  describes  the 
object  and  construction  of  this  important 
engineering  work  and  the  appliances  by 
which  the  mechanical  work  is  automat- 
ically carried  on.  3000  w.  Engng — Jan. 
22.  1909.    No.  2219  A. 

See  also  Electric  Pumping,  under  Hy- 
draulic Machinery. 
Pumps. 

Miscellaneous  Improvements.  W.  H. 
Wakeman.  Illustrates  and  describes  some 
pump  governors,  lubricators,  etc.  1500  w. 
Power — Feb.  9,   1909.     No.  2375, 

Pump  with  Increased  Efficiency  at  High 
Speeds.  Illustrated  description  of  a  re- 
cent invention  by  Hans  INIilner,  Austria, 
and  the  metliod  of  operation.  1500  w. 
Prac  Engr — Jan.  22,  1909.    No.  2210  A. 

Gas  Engine-Driven  Accumulator  Pumps. 
Illustrations  with  brief  descriptions.     500 


We  supply  copies  of  these  articles.    Sec  page  159. 
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w.      Engr,     Lond— Jan.     22,     1907.      No. 
2224  A. 

See  also  Machinery,  and  Pumping,  un- 
der   MINING    AND    METALLURGY, 
Mining. 
Surge  Tanks. 

A  Note  on  the  Design  of  Surge  Tanks 
(Beitrag  zur  Bemessung  des  Inhalts  von 
Wasserschlossern).  Discusses  mathemat- 
ically the  method  of  determining  che  ca- 
pacity for  which  they  should  be  designed. 
Ills.  1700  w.  Schweiz  Bau— Jan.  30,  1909. 
No.  2692  B. 

Turbine  Plants. 

See  Penstocks  and  Surge  Tanks,  under 
Hydraulic  Machinery. 

MACHINE  ELEMENTS  AND  DESIGN. 

Cams. 

A  Few  Notes  on  Cam  Design.  Ber- 
tram C.  Jo.y.  Studies  the  problem  of  de- 
signing a  cam  which  will  give  the  best 
combination  of  silent  running  with  power- 
ful working.  2500  w.  Autocar — Jan.  30, 
1909.    No.  2339  A. 

Chucks. 

The  Evolution  of  the  Magnetic  Chuck. 
O.  S.  Walker.  Aims  to  correct  wrong 
impressions  in  regard  to  the  operation  of 
magnetic  chucks,  and  to  illustrate  some 
special  apolications.  Ills.  1800  w.  Am 
Mach — Vol.  32.  No.  6.  No.  2459. 
Clutches. 

Theory  and  Design  of  Friction  Clutches. 
Michael  Richard  Conway.  Discusses  the 
limitations  of  materials  and  workmanship, 
features  of  design,  etc.  Ills.  2500  w.  Am 
Mach— Vol.  32.    No.  7.    No.  2513. 

Gears. 

Skew  Bevel  Gears.  J.  A.  Utts.  Illus- 
trates details  of  the  gears  and  describes 
method  of  making  them.  1000  w.  Am 
Mach— Vol.  32.    No.  8.    No.  2775. 

Interchangeable  Involute  Gear  Tooth 
Systems.  Discussion  of  Ralph  E.  Flan- 
ders' paper.  8500  w.  Jour  Am  Soc  of 
Mech  Engrs — Feb.,  1909.    No.  2410  F. 

Spur  Gearing  on  Heavy  Railway  Mo- 
tor Equipments.  A  discussion  of  Nor- 
man Litchfield's  paper  dealing  with  the 
breakage  of  gearing  in  heavy  electric  rail- 
way service.  3500  w.  Jour  Am  Soc  of 
Mech  Engrs — Feb.,  1909.  No.  2409  F. 
Piston  Rings. 

Design  and  Manufacture  of  Piston 
Rings.  Rene  M.  Petard.  Describes  cur- 
rent French  automobile  practice  for  mak- 
ing theoretically  correct  rings.  Ills.  3500 
w.  Am  Mach — Vol.  32  No.  5.  No.  2258. 
Screw  Threads. 

Interchangeability  and  Methods  of  Se- 
curing it  in  Screw-Threads.  H.  F.  Don- 
aldson. Lecture  delivered  at  the  graduates 
meeting  of  the  Inst,  of  Mech.  Engrs. 
Considers    the    difficulties    and   means   of 


overcoming  them.    4000  w.     Engng — Feb. 
12,  1909.    Serial.*  ist  part.    No.  2593  A. 

The  Elimination  of  the  V-Thread.    Dis- 
cusses the  adoption  of  the  United  States 
standard  by  tap  and  die  makers.     1800  w. 
Ir  Age — Feb.  25,  1909.     No.  2746. 
Speed  Variation. 

See  Transmissions,  under  Automobiles. 

Strength  of  Materials. 

Working  Stress.  F.  W.  Wrieht.  Gives 
information  based  on  Wohler's  experi- 
ments, also  results  of  other  experiments, 
and  formulae  used.  1500  w.  Mech  Wld 
— Feb.  12,  1909.  Serial,  ist  part.  No. 
2588  A. 

Problems  in  the  Strength  of  Mate- 
rials Solved  by  Elementary  Mathematics 
in  the  Night-Courses  of  the  Institute.  Lu- 
cien  E.  Picolet.  Discusses  representative 
problems.  2000  w.  Jour  Fr  Inst — Feb., 
1909.  No.  2741  D. 
MACHINE   WORKS   AND   FOUNDRIES. 

Boiler  Making. 

Lay  Out  of  a  Horizontal  Return  Tubu- 
lar Boiler  18  Feet  Long  by  72  Inches  Di- 
ameter. R.  R.  Sturgeon.  Gives  specifica- 
tions and  shows  by  sketches  how  a  boiler 
of  this  type  would  be  laid  out  in  the  shop. 
2000  w.  Boiler  Maker — Feb.,  1909.  No. 
2319. 

.    See     also    Welding,     under     Machine 
Works  and   Foundries. 

Boring. 

Special  Boring  Fixtures  for  Bench 
Lathe  Heads.  Describes  and  illustrates 
work  on  an  accurately  constructed  bench 
machine.  1000  w.  Am  Mach — Vol.  32. 
No.  6.     No.  2460. 

Boring  Machines. 

8-Inch-Spmdle  Horizontal  Boring,  Mill- 
ing, Drilling,  Tapping,  and  Studding  Ma- 
chine. Illustrated  description  of  the  ma- 
chine and  its  operation.  700  w.  Engng — 
Jan.  29,  1909.    No.  2360  A. 

Brass  Founding. 

The  Art  of  Casting  Manganese-Bronze, 
and  the  Manner  in  Which  the  Difficulties 
Are  Overcome.  Illustrated  article  with  di- 
rections for  securing  the  best  results.  2500 
w.     Brass  Wld— Feb.,  1909.     No.  2721. 

Case  Hardening. 

Case  Hardening  (Ueber  Zementieren). 
B.  Neumann.  A  review  of  recent  re- 
searches and  progress.  Ills.  Serial,  ist 
part.  1300  w.  Giesserei-Zeit — Jan.  i,  1909. 
No.  2680  D. 

Castings. 

The  Manufacture  of  Steel  Castings  in 
Small  Quantities.  Arthur  Simonson. 
Read  before  the  Phila.  Found.  Assn.  De- 
scribes the  manufacture  with  a  converter 
of  looo-lbs.  capacity,  by  the  new  Tropenas 
system.  Ills.  4500  w.  Foundry — Feb.,  1909. 
No.  2254. 

Steel  Foundry  Shrinkage  Problems.  R. 


We  supply  copies  of  these  articles.    See  page  159. 
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A.  Bull.  Discusses  the  causes  of  shrink- 
age in  steel  castings  and  methods  of  over- 
coming this  difficulty.  3500  w.  Ir  Trd 
Rev — Feb.  25,  1909.     No.  2770. 

Sponginess  on  the  Upper  Surface  of 
Castings.  D.  Wilkinson,  Jr.  Discusses 
the  causes  and  the  suggestions  that  have 
been  offered  for  overcoming  the  difficulty, 
but  states  the  problem  is  not  solved.  3000 
vv.    Mech  Wld— Jan.  29,  1909.    No.  2354  A. 

See  also  Brass  Founding,  under  Ma- 
chine Works  and  Foundries  ;  and  Steel 
Making,  under  MINING  AND  METAL- 
LURGY, Iron  and  Steel. 

Chain  Making. 

Chains  of  Seamless  Rolled  or  Pressed 
Links  (Ueber  nahtlose  Walz-  und  Press- 
ketten).  Otto  Klatte.  Discusses  their 
manufacture,  strength,  etc.  Ills.  2500  w. 
Stahl  u  Eisen — Jan.  20,  1909.    No.  2664  D. 

Cupola  Charging. 

Old  and  New  Methods  of  Cupola 
Charging  (Alte  und  neue  Kupolofenbe- 
schickung).  Th.  Ehrhardt.  Illustrates 
and  describes  a  number  of  methods  and 
devices.  3000  w.  Stahl  u  Eisen — Jan.  13, 
T909.  No.  2659  I^- 
Cupola  Design. 

The  Determination  of  the  Dimensions 
of  Cupolas  and  the  Osann  Theory  (Be- 
rechnung  von  Kupolofenabmessungen  und 
die  Theorie  Osann).  Carl  Rein.  An 
explanation  of  the  Osann  theory.  Ills. 
Serial,  ist  part.  2000  w.  Giesserei-Zeit 
— Jan.  I,  1909.     No.  2681  D. 

Cupola  Practice. 

Cupola  Operation  with  Dry  and  Wet 
Coke  (Betrachtungen  iiber  das  Kupolof- 
enschmelzen  mit  trockenem  und  nassem 
Koks.)  C.  Geiger.  A  report  of  observa- 
tions extending  over  several  weeks.  Ills. 
6000  w.  Stahl  u  Eisen — Jan.  13.  1909.  No. 
266T  D. 

Enamelling. 

Annealing  and  Pickling  in  the  Enamel- 
ling Industry  (Ueber  das  Gliihen  und 
Beizen  der  fertigen  Eisenrohware  in  der 
Emailindustrie).  Julius  Griinwald.  A  re- 
view of  modern  practice.  2000  w.  Stahl  u 
Eisen — Jan.    27.    1909.      No.   2667    D. 

Forging. 

The  Making  of  Large  Drop  Forgings. 
E.  F.  Lake.  Illustrates  and  describes  dif- 
ferent operations  in  forging  a  400  pound 
crank  shaft.  900  w.  Am  Mach — Vol.  32. 
No.  5-  No.  2256. 
Foundry  Furnaces. 

The  Small  Open  Hearth  Furnace  for 
Steel  Castings.  W.  M.  Carr.  Illustrates 
and  describes  a  small  stationary  open- 
hearth  furnace  using  liquid  fuel,  present- 
ing its  advantages.  1500  w.  Ir  Age — 
Feb.  II,  T909.  No.  3386. 
Foundry  Materials. 

Plumbago   in   the   Foundry.     Walter  J. 


May.  Its  value  as  a  sleeking  material, 
for  crucibles,  and  other  uses.  600  vv.  Prac 
Engr — Jan.  29,  1909.     No.  2349  A. 

Foundry  Practice. 

A  Machine  Foundry  for  Special  Work. 
Illustrates  and  describes  methods  pursued 
in  the  new  plant  of  the  General  Electric 
Co.,  where  molding  machines  are  used  ex- 
clusively. 2500  w.  Foundry — Feb.,  1909. 
No.  2252. 

Furnaces. 

Electric  Annealing  Furnaces  for  Hard- 
ening and  Tempering  High-Class  Tools. 
John  B.  C.  Kershaw.  Explains  the  ad- 
vantages of  electric  heating  for  this  work, 
and  illustrates  and  describes  types  of  fur- 
naces. t8oo  w.  Elec  Wld — Feb.  18,  1909. 
No.  2518. 

Gear  Cutting. 

Recent  Developments  in  Gear-Cutting 
Machinery.  Ralph  E.  Flanders.  Illustrates 
and  describes  new  machines.  2500  w. 
Mach,  N  Y — Feb.,  1909.     No.  2242  C. 

See  also  Gears,  under  Machine  Ele- 
ments AND  Design. 

Molding  Machines. 

Molding  Machines  for  Large  Work.  An 
illustrated  description  of  practice  at  a 
plant  where  molds  weighing  loooo  pounds 
and  over  are  rammed  on  jarring  ma- 
chines. 1000  w.  Foundry — Feb.,  1909.  No. 
2248. 

See  also  Foundry  Practice,  under  Ma- 
chine Works  and  Foundries. 
Pattern  vShops. 

Distribution  of  Pattern  Shop  Work. 
Oscar  E.  Perrigo.  Discusses  the  routine 
of  this  department  with  a  modern  system. 
4500  w.    Foundry — Feb.,  1909.    No.  2250. 

Press  Tools. 

Press  Tools  Used  in  Clock  Manufac- 
ture. Charles  Doescher.  Drawings  and  de- 
scriptions of  sub  press  and  other  punches 
and  dies.  3000  w.  Am  Mach — Vol.  32. 
No.  5.    No.  2255. 

Sectional   Blanking   and   Shaving   Dies. 
Describes    and   illustrates    press    tools   of 
unusual  construction.    2000  w.    Am  Mach 
—Vol.  32.    No.  8.    No.  2773. 
Rivetting  Machines. 

New  Piat  Electro-Hydraulic  Riveters 
(Nouvelles  Riveuses  electro-hydrauliques 
Systeme  Piat).  Illustrated  detailed  de- 
scription. 4000  w.  Genie  Civil — Jan.  30, 
1909.     No.  2645  I)- 

Safety  Devices. 

See  same  title,  under  Miscellany. 

Shop  Accidents. 

An  Analysis  of  5500  Machine-ShoD  Ac- 
cidents. L.  P.  Alford.  An  analy.'sis  based 
on  shop-hospital  records,  showing  that 
most  accidents  were  due  to  the  natural 
hazards  of  the  occupation.  4000  w.  Am 
Mach— Vol.  32.    No.  6.    No.  2457. 


We  supply  copies  of  these  articles.    See  page   t^,^. 
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Shop  Appliances. 

Fixtures  Used  in  Machining  Miller 
Parts.  A.  J.  Baker.  Describes  tools  which 
handle  two  parts  cast  in  one  piece  and  cut 
apart  afterwards.  Ills.  1500  w.  Am 
Mach— Vol.  2>^.    No.  8.    No.  2774. 

Application  of  Lifting  Devices  to  As- 
sembling Work.  Alfred  Spangenberg.  Il- 
lustrates and  describes  simple  devices  for 
handling  work.  1300  w.  Mach,  N  Y — 
Feb.,  1909.     No.  2246  C. 

Shop  Keating. 

Shop  Heating — A  Treatise  Containing 
Many  Practical  Suggestions.  F.  R.^  Still. 
Explains  how  a  system  should  be  laid  out 
and  operated  to  assure  the  best  results. 
3500  w.    Foundry — Feb.,  1909.     No.  2249. 

Shop  Hygiene. 

See  Textile   Mills,   under  Miscellany. 

Shop  Practice. 

Axle  Turning — Methods  and  Produc- 
tion. A  study  of  the  conditions  that  tend 
toward  large  output.  3500  w.  Mach, 
N  Y — Feb.,  1909.     No.  2241  C. 

Machining  a  Cast-Iron  Lathe  Head- 
stock.  G.  H.  Gibbs.  Prize  paper.  Illus- 
trates and  describes  the  different  opera- 
tions, giving  time  required  for  each.  2500 
w.  Mech  Wld — Jan.  22,  1909.  No.  2213  A. 

Shops. 

The  Curtis  Electric  Car  Truck  Plant. 
Illustrated  detailed  description  of  new 
works  at  Decatur,  111.  The  buildings  are 
fireproof,  and  the  arrangements  for  haid- 
ling  material  are  shown.  2500  w.  Ir 
Age — Feb.  18,  1909.  No.  2507. 
Shop  Ventilation. 

Ventilation  of  Factory  Buildings  in  New 
York  State.  Information  obtained  b->^  the 
State  Department  of  Labor,  showing  a 
serious  condition.  3500  w.  Heat  &  Vent 
Mag — Feb.,  1909.     No.  2742. 

Tempering. 

Where,  in  Relation  to  the  Critical 
Points,  Should  Steel  Be  Heated  for  the 
Best  Results  When  Hardening?  W.  Os- 
borne. Discusses  what  quenching  point 
will  give  the  best  results.  1800  w.  Am 
Mach— Vol.  32.    No.  6.    No.  2458. 

See    also    Furnaces,    under    Machine 
Works  and  I^oundries;  and  Tool  Steels, 
under  Materials  of  Construction. 
Tempering  Colors. 

A  Note  on  Tempering  Colors  (Note 
sur  les  Couleurs  de  Revenu).  Leon  Guillet 
and  Albert  Portcvin.  Cites  experiments 
which  show  that  the  colors  are  a  reli- 
able guide  in  the  heat  treatment  of  steel. 
1500  w.  Rev  de  Metal — Jan.,  1909.  No. 
2619  E  -f-  F. 
Tinning. 

Old  and  New  Methods  of  Tinning 
Metals  (Das  Verzinnen  von  Metallgegen- 
standen  in  alter  und  neuer  Zeit).     Otto 


Vogel.       A    historical    review.       5000    w 
Stahl  u  Eisen — Jan.  13,  1909.  No.  2660  D. 

Tool  Making. 

Lathe  Kinks.  Paul  W.  Abbott.  Gives 
schemes  devised  for  doing  tool  work 
where  there  was  no  "milling  machine  or 
drill  press.  Ills.  2000  w.  Mach,  N  Y — 
Feb.,  1909.     No.  2245  C. 

Welding. 

Electric  Welding  in  the  Boiler  Shop.  E. 
A.  Dixie.  Concerning  the  comparative 
costs  and  strengths  of  riveted,  gas  welded 
and  electric  welded  seams.  Ills.  3500  w. 
Am  Mach— Vol.  2,^.    No.  8.    No.  2772. 

The  Repair  of  Marine  Boilers  by  Auto- 
genous Welding  (Schiffskesselrepara 
turen  mittels  Acetylen-Sauerstoff-Schweis- 
sung).  Herr  Hilpert.  Illustrates  and  de- 
scribes appliances  and  methods.  Serial. 
1st  part.  3300_w.  Glasers  Ann — Jan.  i, 
1909.     No.  2699  D. 

Woodworking  Machinery. 

Some  Reasons  Why  Good  Saws  Fail. 
J.  Mason.  Considers  some  of  the  causes 
of  failures  of  this  tool.  1800  w.  Wood 
Craft — Feb.,  1909.     No.  2285. 

MATERIALS   OF  CONSTRUCTION. 

Alloy  Steels. 

The  Nature  and  Characteristics  of  the 
New  Steels.  O.  M.  Becker.  Second  and 
concluding  paper,  dealing  with  the  influ- 
ence of  each  of  the  ordinary  alloy  ele- 
ments on  the  properties  of  steel.  5000  w. 
Engineering  Magazine — March,  1909.  No. 
2787  B. 

Effect  of  Titanium  Alloy  on  Steel. 
Charles  V.  Slocum.  Gives  results  obtained 
at  various  steel  plants.  Ills.  2500  w.  Ir 
Trd  Rev — Feb.  25,  1909.     No.  2769. 

See     also     Electro-Metallurgy,      under 
MINING   AND    METALLURGY,    Iron 
AND  Steel. 
Aluminium. 

See  same  title,  under  MINING  AND 
METALLURGY,  Minor  Minerals. 

Bearing  Metals. 

Bearing  Metals.  A.  Hague.  Abstract 
of  paper  read  before  the  Staffordshire  Ir. 
&  St.  Inst.  Divides  the  bearing  metals 
into  rigid  bronzes,  plastic  white  metals, 
and  the  plastic  bronzes,  considering  each 
separately.  3500  w.  Ir  &  Coal  Trds  Rev 
—Feb.  5,  1909.    No.  2495  A. 

Bronzes. 

Composition  of  the  Modern  Bronzes. 
C.  Vickers.  Read  before  the  Pittsburg 
Found.  Assn.  Discusses  the  dioxidizing 
elements  used  in  copper  alloys  for  increas- 
ing their  tensile  strength  and  ductility. 
2500  w.  Foundry — Feb.,  1909.    No.  2253. 

Cast  Iron. 

The  Use  of  Vanadium  in  Cast  Iron.  J. 
Kent  Smith.  Explains  the  action  of  this 
metal  on  grey  iron  for  casting  purposes 
and  methods   of  application   in   the  ladle 
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and  air  furnaces.   3000  w.   Foundry — Feb., 
1909.    No.  2251. 

The  Influence  of  Foreign  Elements  on 
the  Strength  of  Cast  Iron  (Der  Einfluss 
der  Fremdkorper  auf  die  Festigkeitseigen- 
schaften  des  Gusseisens).  Max  Orthey. 
Discusses  the  efiPect  of  the  various  impur- 
ities commonly  found.  Serial,  ist  part. 
1=^00  w.  Giesserei-Zeit — Jan.  i,  1909.  No. 
2683  D. 

Copper. 

Fatigue  of  Copper  Pipes.  James  M. 
Allan.  Abstract  of  paper  read  before  the 
N.-E.  Coast  Inst,  of  Engrs.  and  Shipbldrs. 
Describes  tests  made,  reporting  results. 
Ills.  4000  w.  Mech  Engr — Feb.  5,  1909.  No. 
2479  A. 

Elastic  Breakdown. 

The  Elastic  Breakdown  of  Materials. 
Submitted  to  Compound  Stresses.  L.  B. 
Turner.  The  present  number  gives  an 
introductory,  critical  review  of  investiga- 
tions in  this  field,  and  will  be  followed  by 
results  of  experiments  by  the  author.  3300 
w.  Engng — Feb.  5,  1909.  Serial,  ist  nart. 
No.  2485  A. 
Hardnes.s. 

The  Influence  of  Heat  on  the  Hardness 
of  Metals  (Untersuchungen  iiber  den 
Einfluss  der  Warme  auf  die  Harte  der 
Metalle).  Alfred  Kurth.  Describes  and 
gives  the  results  of  recent  extensive  re- 
searches. Ills.  Serial,  ist  part.  6600  w. 
Zeitschr  d  Ver  Deutscher  Ing — Jan.  16, 
1909.  No.  2836  D. 
Metallography. 

The  Mysteries  of  Metals.  Abstract  of 
a  lecture  by  Prof.  J.  O.  Arnold,  the  first 
of  a  course  at  the  Royal  Inst.  Ills.  2500 
w.  Engng — Jan.  29,  1909.  Serial,  ist 
part.     No.  2359  A. 

Lecture  on  "Composition  and  Constitu- 
tion." Edward  F.  Law.  On  the  impor- 
tance of  amplifying  ordinary  analysis  by 
a  structural  and  constitutional  analysis. 
2  plates.  3500  w.  Jour  W  of  Scotland  Ir 
&  St  Inst— Nov.  and  Dec,  1908.  No. 
2430  N. 

Lieutenant- Colonel  Caron  (Le  Lieu- 
tenant-Colonel Caron).  Paul  Nicolar- 
dot.  A  sketch  of  his  life  and  of  his  con- 
tributions to  the  science  of  metallurgy. 
Ills.  28000  w.  Rev  de  Metal — Jan.,  1909. 
No.  2615  E  +  F. 

Steel. 

Sparks  as  an  Indication  of  the  Quali- 
ties of  Steel  (Die  Funken  als  Erken- 
nungszeichen  der  Stahlsorten).  Max. 
Bermann.  A  discussion  of  what  may  be 
deduced  concerning  the  qualities  and  com- 
position of  steels  from  the  sparks  made 
in  grinding.  Ills.  6500  w.  Zeitschr  d 
Ver  Deutcher  Ing — Jan.  30,  1909.  No. 
2841  D. 

See  also  Boiler  Design,  under  Steam 
Engineering. 


Tool  Steels. 

Remarkable  Facts  in  Tempering  Tool 
Steels.  Albert  F.  Shore.  A  valuable  ar- 
ticle giving  data  disclosed  by  the  sclero- 
scope  and  compound-stress  machine.  Ills. 
5500  w.  Am  Mach — Vol.  32,  .s^o.  6.  No. 
2461. 

The  Manufacture  of  High-Speed  Steel. 
O.  M.  Becker.  Discusses  the  practical 
application  of  the  high-heat  treatment  to 
hardening.  Ills.  7000  w.  Cassier's  Mag 
— Feb.,  1909.     No.  2328  B. 

MEASUREMENT. 

Calorimelry. 

Report  of  Sub-Committee  on  Calorim- 
etry.  Report  presented  at  the  Oct.  meet- 
ing of  the  Am.  Gas  Inst.,  with  illustrated 
descriptions  of  types  of  calorimeters,  and 
short  discussion.  17000  w.  Pro  Age — 
Feb.  15,  1909.     No.  2456. 

Hardness. 

A  Simplified  Ball  Hardness  Test  and 
Some  of  Its  Results  (Dispositif  pour  un 
Essai  simplifie  de  Durete  a  la  Bille  et 
Resultats  obtenus).  A.  Martens  and  C. 
Heyn.  Translated  from  the  Zeitschrift 
dcs  Vcrcincs  Deutscher  Ingenicure  for 
Oct.  24,  190S.  Ills.  4000  w.  Rev  de 
Metal — Jan.,  1909.     No.  2620  E  -f  F. 

Impact  Test. 

Investigation  of  the  Shock  Test  at  Va- 
riable Temperatures  (Experiences  sur 
I'Essai  au  Choc  a  Temperature  variable). 
Leon  Guillet  and  L.  Revillon.  Gives  re- 
sults of  tests  to  show  the  variations  in 
results  of  impact  tests  at  different  tem- 
peratures. Ills.  3000  w.  Rev  de  Metal — 
Jan.,  1909.     No.  2618  E  +  F. 

Laboratories. 

The^  Testing  Establishment  of  the 
Technical  College  of  Berlin.  An  account 
of  work  for  the  year  1907  is  reviewed. 
1200  w.  Engr,  Lond — Jan.  22,  1909.  No. 
2223  A. 

Metric  System. 

See  Units,  under  ELECTRICAL  EN- 
GINEERING,  Measurement. 
Pyrometry. 

See  (jas  Producers,  under  Combustion 
Motors. 

Thermometry. 

A  Sensitive  Thermometer.  Prof.  S.  A. 
Mitchell.  Refers  briefly  to  various  ther- 
mometers used  in  research  work,  and 
describes  in  detail  the  volomctric  appa- 
ratus which  has  been  brought  to  a  high 
degree  of  refinement  by  Prof.  C.  G.  Ab- 
bot. Ills.  2000  w.  Sci  Am — Feb.  6,  1909. 
No.  2282. 

Scale  and  Table,  Giving  Equivaleir 
Graduations  of  the  Fahrenheit  and  Centi- 
grade Thermometers.  Gives  the  equiva- 
lents without  calculation,  illustrating  the 
use  by  examples.  800  w.  Power — Feb.  2, 
1909.     No.  2193. 
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POWER  AND  TRANSMISSION. 

Air  Compressors. 

See  Machinery,  under  MINING  AND 
METALLURGY,  Mining. 

Electric  Driving. 

Industrial  Engineering.  H.  W.  Peck. 
Describes  methods  of  solving  the  present 
day  problems  of  power,  giving  method  of 
determining  the  motor  equipment  re- 
quired, etc.  Ills.  3000  w.  Elec  Jour— 
Feb.,  1909.    No.  2737.  .       ^  .,         ,^^    , 

Electricity  in  an  Indian  Railway  Work- 
shop. Illustrated  description  of  an  in- 
stallation at  Lahore  (Punjab).  3000  w. 
Elec  Rev,  Lond— Jan.  29,  1909.  No. 
2345  A. 

Electric  Motors  in  a  Brewery.  William 
Keily.  Illustrates  and  describes  applica- 
tions of  electric  power  in  the  plant  of  the 
Pabst  Brewing  Co.,  Milwaukee,  Wis.  1500 
w.    Elec  Wld— Feb.  4,  1909.    No.  2268. 

See  also  Rolling  Mills,  under  MINING 
AND  METALLURGY,  Iron  and  Steel. 

Electric  Power. 

Electricity  and  Its  Application  to  the 
Reduction  of  Waste.  A.  B.  _  Gridley. 
Deals  with  the  various  ways  in  which 
electricity  saves  "waste."  Also  the  ques- 
tion of  price.  3500  w.  Elect'n,  Lond— 
Jan.  22,  1909.    No.  2206  A. 

Gas  Power. 

Some  Effects  of  Gas  Power  on  Ten- 
dencies and  Development  of  the  National 
Industry  in  Germany.  Dr.  F.  E.  Junge. 
A  discussion  of  the  effect  of  electrical 
energy  on  the  iron  and  steel  industry,  and 
the  economy  of  gas  power.  3500  w.  Ir 
Trd  Rev— Feb.  25,  1909.     No.  2768. 

Lubricants. 

See  Engine  Lubrication,  under  Steam 
Engineering. 

Lubrication. 

The  Brady  Controllable  Level  Appa- 
ratus for  Distributing  Liquids.  Diagrams 
and  description  of  this  lubricator,  nnd 
some  of  its  uses.  1200  w.  It  &  Coal 
Trds  Rev— Feb.  12,  1909.     No.  2598  A 

Shafting. 

The  Alinement  of  New  and  Realine- 
ment  of  Old  Shafting.  James  Lomas. 
Directions  ^or  the  erection  and  alining  of 
shafting.  Ills.  1800  w.  Power— Feb.  2, 
1909.     No.  2192. 

STEAM  ENGINEERING. 

Boiler  Design. 

Computing  Boiler  Power.  Charles  L. 
Hubbard.  Gives  simple  methods  for  cal- 
culating the  size  of  boilers.  1800  w.  Elec 
Age— Feb.,  1909.     No.  2510. 

Tests  on  Mild  Steel  Dished  Ends. 
Translation  of  an  article  published  in 
Zeit.  des  Ver.  Detit.  Ing.  in  Dec,  1899, 
describing  and  giving  tabulated  results 
of  tests.  2000  w.  Engr,  Lond — Feb.  12, 
T909.     Serial,  ist  part.     No.  2701  A. 


Boiler  Explosions. 

The  Boiler  Explosion  at  the  Laura 
Mine,  Eygelshoven,  Holland  (Die  Dampf- 
kesselexplosion  auf  der  Grube  Laura  in 
Eygelshoven,  Holland).  A.  Vierow.  Il- 
lustrates and  describes  the  explosion  and 
its  effects,  and  discusses  its  cause.  4000 
w.  Zeitschr  d  Ver  Deutscher  Ing — Jan. 
30,  1909.     No.  2843  D. 

Boiler  Furnaces. 

The  Problem  of  Furnace  Design  for 
Water-Tube  Boilers.  Harold  V.  Goes. 
Considers  how  to  remedy  some  of  tlu 
defects.  2000  w.  Power — Feb.  16,  1909. 
No.  2501. 

Boiler  Management. 

Furnace  Control  and  Boiler  Testing 
(Feuerungskontrolle  und  Dampfkessel- 
untersuchung).  Herr  Maercks.  A  prac- 
tical paper  on  boiler  management.  Ills. 
5000  w.  Zeitschr  d  Ver  Deutscher  Ing — 
Jan.  23,  1909     No.  2838  D. 

Boiler  Testing. 

Recent  Refinements  in  Boiler  Testing. 
Albert  A.  Gary.  Illustrated  descriptions 
of  apparatus  and  methods  employed.  5500 
w.     Power — Feb.  23,  1909.     No.  2719. 

See    also    Boiler    Management,    under 
Steam  Engineering. 
Boiler  Theory. 

The  Transmission  of  Heat  Between 
Fluids.  R.  M.  Neilson.  A  scientific  dis- 
cussion giving  data  that  can  readily  be 
applied  in  practice.  3500  w.  Engr,  Lond 
— Feb.  12,  1909.    No.  2702  A. 

The  Laws  of  Heat  Transmission  in 
Steam  Boilers,  as  Deduced  from  Experi- 
ment. John  T.  Nicholson.  Read  before 
the  Jr.  Inst,  of  Engrs.  Describes  meth- 
ods of  investigation,  discussing  results. 
4500  w.  Mech  Engr — Jan.  22,  1909.  Se- 
rial, 1st  part.     No.  2212  A. 

Boiler  Tubes. 

The  Resistance  of  Thin  Tubes  Subject- 
ed to  External  Pressure  (Sulla  Resistenza 
dei  Tubi  a  Parete  sottile  premuti  dall' 
Esterno).  G.  Rabbeno.  Mathematical. 
Ills.  4000  w  Riv  Marit — Jan.,  1909.  No. 
2647  E  +  F. 

Boiler  Waters. 

Boiler  Feed-Water  and  Its  Treatment. 
J.  R.  Campbell.  Discusses  waters  found 
in  the  Pittsburg  district  and  the  methods 
and  materials  used  in  treating  them.  2800 
w.  Mines  &  Min — Feb.,  1907.  No.  2229  C. 
Some  Useful  Lessons  of  Limewater. 
Charles  S.  Palmer.  Hints  for  boiler 
room  tests.  Ills.  3500  w.  Power — Feb. 
2,  1909.    Serial,  ist  part.    No.  2190. 

Condensers. 

Development  of  the  Surface  Condenser. 
Warren  O.  Rogers.  Illustrates  and  de- 
scribes types,  beginning  with  Watt's,  and 
including  the  most  modern  apparatus. 
1600  w.  Power — Feb.  9,  1909.  Serial,  ist 
part.     No.  2379. 
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Condensers  (Quelques  Condenseurs). 
A  review  of  recent  types  and  recent  re- 
searches on  the  influence  of  vacuum  and 
of  circulation  on  their  efficiency.  Ills. 
Serial,  ist  part.  5000  w.  Rev  de  Mecan 
— Jan.,  1909.     No.  2624  E  +  F. 

The  Design  of  Marine  Condenser 
Plants  (Die  Konstruktive  Ausbildung  von 
Kondensationsanlagen  an  Bord  von  See- 
schiffen).  Hans  Vogel.  A  discussion 
both  theoretical  and  practical.  Ills.  Se- 
rial, 1st  part.  2000  w.  Zeitschr  f  d  Ge- 
samte  Turbinenwesen — Jan.  30,  1909.  No. 
2697  ^^ 

See   also   Turbines,   under   Steam   En- 
gineering. 
Cooling  Towers. 

See    same    title,    under    Heating    and 
Cooling. 
Engine  Design. 

Current  Practice  in  Steam  Engine  De- 
sign. Ole  N.  Trooien.  An  investigation 
of  current  practice  in  proportioning  steam 
engine  parts,  giving  formulae  showing  the 
general  trend.  5000  w.  Bui  Univ  of 
Wis,  No.  252— Oct.,  1908.     No.  2735  C. 

Offsetting  Cylinders  in  Single-Acting 
Engines.  Prof.  Thurston  M.  Phetteplace. 
A  discussion  of  the  claims  of  superiority 
made  for  this  form  of  condensation.  5500 
w.  Jour  Am  Soc  of  Mech  Engrs — Feb., 
1909.     No.  2406  F. 

Engine  Efficiency. 

See    Steam    Engines,   under    MARINE 
AND  NAVAL  ENGINEERING. 
Engine  Foundations. 

See    Foundations,    under    CIVIL    EN- 
GINEERING, Construction. 
Engine  Lubrication. 

Lubricants  for  Cylinders.  John  M. 
Sewell.  Explains  the  conditions  to  be 
met  and  considers  the  requisite  qualities 
for  cylinder  lubrication.  2400  w.  Power 
— Feb.  9,  1909.  No.  2378. 
Engines. 

Modern  British  High-Speed  Steam  En- 
gines. John  Davidson.  Describes  cur- 
rent British  practice.  Ills.  3500  w.  Pow- 
er— Feb.  9,  1909.  Serial,  ist  part.  No. 
2376. 
Engine  Speed. 

Piston  Speed.     Gives  a  table  of  actual 
piston  speed,  illustrating  by  example,  and 
explaining  method  of  calculating.    800  w. 
Mech  Wld— Feb.  5,  1909.    No.  2480  A. 
Engine  Theory. 

The  Function  of  Compression.  R.  T. 
Strohm.  Shows  that  compression  in 
steam  engines  is  not  only  desirable,  but  a 
necessity.    2000  w.    Power — Feb.  16,  1909. 

No.  2502. 

Fuel  Gas. 

See  Gas  Producers,  under  Combustion 
Motors. 


Fuels. 

Coal  Specifications  and  Tests.  A.  V. 
Doane.  Discusses  things  to  be  considered 
in  specifying,  methods  of  sampling  and 
testing,  etc.  2500  w.  Power — Feb.  2, 
1909.     No.  2187. 

Tests  of  Coal  and  Briquets  as  Fuel  for 
House-Heating  Boilers.  D.  T.  Randall. 
Describes  the  method  of  conducting  the 
tests,  giving  data  and  results,  and  conclu- 
sions. Ills.  9800  w.  U  S  Geol  Surv — 
Bui.  366.     No.  2781  N. 

The  Temperature  Obtainable  with  Or- 
dinary Fuels  (Welche  Temperaturen 
konnen  wir  mit  unseren  gewohnlichen 
Brennstoffen  erreichen?).  Josef  v.  Ehr- 
enwerth.  A  mathematical  discussion  of 
the  chemistry  of  the  combustion  of  car- 
bonaceous fuels.  Serial,  ist  part.  1600 
w.  Oest  Zeitschr  f  Berg-  u  Hiittenwesen 
— Jan.  16,  T909.    No.  2670  D. 

See     also     Locomotive     Fuels,     under 
RAILWAY     ENGINEERING,     Motive 
Power  and  Equipment. 
Indicator  Diagrams. 

Some  Suggestive  Indicator  Diagrams. 
W.  G.  McKellor.  Discusses  diagrams  of 
a  number  of  engines  running  from  10  to 
30  horsepower.  4000  w.  Jour  W  of  Scot- 
land Ir  &  St  Inst — Nov.  and  Dec,  1908. 
No.  2431  N. 

Mechanical  Stokers. 

Recent  Developments  in  Machine  Stok- 
ing. A.  W.  Bennis.  Read  before  the 
Bradford  Engng.  Soc.  Considers  the 
best  known  types  of  mechanical  firing  ap- 
paratus, their  improvements,  and  the  ef- 
fect of  modern  requirements.  1200  w. 
Elect'n,  Lond — Feb.  5,  1909.  Serial,  ist 
part.     No.  2580  A. 

Steam  Meters. 

Steam  Meters  (Dampfmesser).  F. 
Bendemann.  Illustrated  description  of 
various  types.  Serial,  ist  part.  5200  w. 
Zeitschr  d  Ver  Deutscher  Ing — Jan.  2, 
1909.    No.  2833  D. 

Steam  Pipes. 

Pipe  Supports.  A.  Houlson.  Illustrates 
and  describes  standard  types,  and  sug- 
gestions for  their  use.  1200  w.  Mech 
Engr — Jan.  22,  1909.     No.  221 1  A. 

High  Pressure  Steam  Piping  Systems. 
William  F.  Fischer.  Notes  on  recent  de- 
sign, including  a  discussion  of  expansion, 
vibration,  pipe  and  pipe  fittings,  etc.  4000 
w.     Power — Feb.  23,  1909.     No.  2720. 

Improved  Coupling  for  Copper  Pipes. 
IHustrates  and  describes  an  improved 
method  invented  by  William  Bryce.  500 
w.  Engr,  Lond — Feb.  12,  1909.  No. 
2705  A. 

See  also  Copper,  under  Materials  of 
Construction  ;  and  Valves,  under  Steam 
Engineering. 

Steam  Properties. 

The   Total   Heat   of   Saturated   Steam. 
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Dr.  Harvey  N.  Davis'  paper  is  discussed. 
5000  w.  Jour  Am  Soc  of  Mech  Engrs — 
Feb.,  1909'    No.  241 1  F. 

Energy  in  a  Pound  of  Steam.  Fred. 
R.  Low.  Demonstrates  that  the  net  en- 
ergy of  expansion  from  150  pounds  down 
to  atmospheric  pressure  approximates  en- 
ergy from  atmospheric  pressure  down  to 
27J/2  inches  of  vacuum.  3000  w.  Power 
— Feb.  2,  1909.     No.  2186.  , 

Stoking. 

The  Skill  of  Firemen  (L'Habilite  pro- 
fessionnelle  des  Chauffeurs).  J.  Izart. 
Gives  the  resuhs  of  an  annual  firemen's 
com.petition  at  Lille  for  six  years  showing 
how  much  firemen  may  be  improved  by 
careful  training.  2000  w.  L'Elecn — Jan. 
9,  1908.     No.  2629  D. 

Superheaters. 

Superheaters.  Frank  Hugh  Preece. 
Brief  discussion  of  their  design  and  ad- 
vantages, with  illustrated  descriptions  of 
the  principal  types  now  in  use.  3500  w. 
Inst  of  Civ  Engrs— No.  3719.    No.  2790  N. 

Turbines. 

The  Bergmann  Steam  Turbine.  Illus- 
trated description  with  statement  of  the 
advantages  claimed.  2000  w.  Col  Guard 
— Feb.  5,  T909.     No.  2483  A. 

The  LTtilization  of  Exhaust  Steam  in 
Low-Pressure  Turbines.  R.  F.  Halliwell. 
Read  before  the  Rugby  Engng.  Soc.  Dis- 
cusses the  more  important  features  of 
low-pressure  turbine  plants,  showing  the 
economies  that  can  be  effected  by  th'^ir 
use.  2500  w.  Mech  Engr — Jan.  29,  1909. 
Serial,  ist  part.    No.  2352  A. 

The  Utilization  of  Steam  in  Low-Pres- 
sure Turbines  (Abdampfverwertung  und 
neuere  Abdampfanlagen).  Hugo  Wein- 
berger. Discusses  the  energy  in  exhaust 
steam  and  describes  a  number  of  low- 
pressure  turbine  plants,  with  data  on  their 
economy.  Ills.  4000  w.  Zeitschr  d  Oest 
Ing  u  Arch  Ver — Jan.  i,  1909.  No.  2612  D. 

Steam  Turbines  with  High  Back  Pres- 
sure (Dampfturbinen  mit  hohem  Gegen- 
druck).  H.  Wagner.  Discusses  their  op- 
eration in  ?.  number  of  cases.  Ills.  2500 
w.  Zeitschr  f  d  Gesamte  Turbinenwesen 
— Jan.  9,  1909.    No.  2695  D. 

Surface  Condensation  for  Steam  Tur- 
bines. E.  Josse.  Abstract  of  paper  read 
before  the  Schtffshautechnische  Gesell- 
schaft  at  Berlin.  Considers  the  coefficient 
of  heat  transference,  influence  of  air  leak- 
age, condenser  pumps,  etc.  3000  w.  Pow- 
er— Feb.  2,  1909.  No.  2t88. 
Valves. 

Gate  Valves  in  Steam  Pipe  Lines.  W. 
H.  Wakeman.  Practical  suggestions  for 
locating  and  using  them.  2000  w.  Power 
— Feb.  t6,  T909.    No.  2500. 

TRANSPORTING   AND    CON^nEYTNG. 

Cableways. 

A  Travelling  Cablewav.    An  interesting 


cableway    recently    erected    at    Grays,    in 
Essex,  is  illustrated  and  described.     600 
w.      Engr,    Lond — Feb.    12,    1909.      No. 
2704  A. 
Coal  Handling. 

An  Interesting  German  Coal  Loading 
Installation.  Illustrated  description  of  a 
travelling  crane  installed  in  Emden  har- 
bor. 1200  w.  Col  Guard — Feb.  5,  1909. 
No.  24S4  A. 

Coal  Shipping  Arrangements  at  St. 
John's  Collieries,  Normanton.  Illustrat:>d 
description  of  arrangements  for  loading 
coal  into  boats  at  a  colliery  nearly  two 
miles  from  a  canal  wharf.  2500  w.  Ir  & 
Coal  Trds  Rev — Jan.  29,  1909.   No.  2372  A. 

See  also  Coal  Pockets,  under  CIVIL 
ENGINEERING,  Construction. 

Conveyors. 

See  Steamships,  under  MARINE  AND 
NAVAL  ENGINEERING. 
Cranes. 

An  Electric  Bridge  Crane  for  Handling 
Ingots  (Elektrisch  betriebener  Bockkran 
fiir  die  Verladung  von  Ingots).  R.  Dub. 
Illustrated  detailed  description.  2200  v/ 
Zeitschr  d  Ver  Deutscher  Ing — Jan.  16. 
1909.     No.  2837  D- 

See  also   Shop   Appliances,   under  Ma- 
chine Works  and  Foundries  ;  and  Coal 
Handling,  under  Transporting  and  Con- 
veying. 
Lifting  Magnets. 

The  Industrial  Use  of  the  Lifting  Mag- 
net. W.  Frank  M'Clure.  Information  in 
regard  to  the  uses  to  which  these  magnets 
are  applied,  new  types,  and  their  opera- 
tion. Ills.  1500  w.  Sci  Am — Feb.  6,  1909. 
No.  2280. 
Material  Handling. 

See  Shops,  under  Machine  Works  and 
Foundries. 
Ore  Handling. 

An  Ore  Handling  Plant  in  New  Cale- 
donia. Illustrates  and  describes  a  system 
of  suspension  trucks  and  cables  for  carry- 
ing ore,  coal,  merchandise  and  passen- 
gers. .1500  w.  Eng  &  Min  Jour — Feb.  20. 
1009.    No.  2556. 

MISCELLANY. 
Aeronautics. 

The  Present  Status  of  Military  Aero- 
nautics. George  O.  Squicr's  paper  is  dis- 
cussed. 2000  w.  Jour  Am  Soc  of  Mech 
Engrs — Feb.,  1909.   No.  2408  F. 

Fundamental  Considerations  in  the 
Construction  of  Airships  (Konstruktions 
gmndlagen  von  Flug-Fahrzeugen).  Fritz 
Huth.  A  theoretical  paper.  Ills.  Serial. 
Tst  part.  2000  w.  Motorwagen — Jan.  10, 
1909.   No.  2802  D. 

The  Present  and  Future  of  Aviation 
(Etat  actuel  et  Avenir  de  TAviationV 
Rodolphe  Soreau.  An  exhaustive  paper 
on   the  theory,   design,   construction,   and 
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future  of  aeroplanes.  80000  w.  Mem  Soc 
Ing  Civ  dc  France — July,  1008,  No. 
2687  G. 

Insufficiency  of  the  Methods  Actually 
Employed  for  Measuring  the  Efficiency 
of  Aerial  Propellers  (Insuffisance  des 
Methodes  employees  actuellement  pour 
mesurer  le  Rendement  des  Helices  aeri- 
ennes).  Eugene  Bolle.  Suggests  a  satis- 
factory method.  3000  w.  Genie  Civil — 
Jan.  2,  1909.    No.  2638  D. 

See  also  Exhibitions,  under  Automo- 
biles; and  Gasoline  Engines,  under  Com- 
bustion Motors. 

Air  Resistance. 

The  Resistance  of  the  Air  and  M.  Eif- 
fel's Recent  Investigations  (La  Resistance 
de  I'Air  et  Ics  recentes  Experiences  de  M. 
G  Eiffel).  Paul  Renard.  Describes  the 
experiments  carried  out  at  the  Eiffel 
Tower   and   discusses  the   significance  of 


the  results.     Ills.     4000  w.     Rev  Gen  des 
Sci — Jar;.  30,  1909.    No.  2627  D. 

Safety  Devices. 

Safety  Appliances  in  German  Machine 
Shops.  Illustrated  descriptions  of  simple 
guards  and  operating  devices  to  protect 
woikmen.  1200  w.  Am  Mach — Vol.  32, 
No.  7.    No.  2514. 

Textile  Mills. 

Removal  of  Dust  from  Card-Rooms  of 
Cotton  Mills.  Illustrated  description  of 
the  "Hall  and  Kay"  method,  designed  to 
remove  the  stripping  dust  as  rapidly  as  it 
is  prodticed.  Also  the  design  of  Herbert 
Smethurst  &  Co.  1200  w.  Engr,  Lond — • 
Jan.  29,  1909.    No.  2371  A. 

Weighing  Machines. 

Automatic  Weighing  Machine.  Illus- 
trated description  of  a  battery  of  Staccy 
grain  weighers  and  their  operation.  1200 
w.   Engr,  Lond — Jan.  22, 1909.    No.  2226  A. 


MINING  AND  METALLURGY 


COAL  AND  COKE. 

Accidents. 

Economy  as  Related  to  Mine  Accidents. 
H.  E.  Coll.  Discusses  lax  conditions, 
showing  the  heavy  cost  of  neglect.  3500 
w.  Eng  &  Min  Jour — Feb.  13,  1909.  No. 
2467. 

Alberta. 

The  Coal  Fields  of  Alberta.  D.  B. 
Dowling.  Briefly  outlines  the  history  of 
the  finding  and  mapping  of  the  deposits, 
describing  the  formations.  Map.  3000  w. 
Ec  Geol — Jan. -Feb.,  1909.    No.  2715  D. 

Belgium. 

The  Campine  Coal  Basin  (Le  Bassin 
houiller  de  la  Campine).  A.  Ledoux.  Re- 
port of  an  extensive  study  of  this  newly 
discovered  coal  field  in  northern  Belgium. 
Serial,  ist  part.  3000  w.  Bui  Sci  d 
I'Assn  des  Eleves — Dec,  1908.   No.  2600  D. 

Colorado. 

The  Delagua  Mines  of  the  Victor  Fuel 
Co.  F.  W.  Whiteside.  Describes  an  adap- 
tation of  surface  arrangements  to  suit 
peculiar  topography  and  location  of  mine 
openings.  Ills.  2000  w.  Mines  &  Min — 
Feb.  I,  1909.  No.  2231  C. 
Explosions. 

Prevention  of  Mine  Explosions.  James 
Ashworth.  Reviews  the  report  by  the  for- 
eign experts  who  visited  the  United  States 
by  invitation  of  the  Government.  1700  w. 
Mines  &  Min — Feb.,  1909.     No.  2233  C. 

Mine  Explosions  as  Related  to  Earth- 
quakes. W.  A.  Spalding.  A  discussion 
favoring  the  theory  that  the  danger  from 
explosions  in  deep  mines  is  augmented 
during    periods    of    seismic    disturbance. 


2500  w.     Eng  &  Min  Jour — Feb.  20,  1909. 
No.  2560. 

Explosives. 

The  Prevention  of  Mining  Accidents. 
Brief  illustrated  description  of  the  United 
States  experiment  station  at  Pittsburg, 
Pa.  1000  w.  Sci  Am  Sup — Feb.  20,  1909. 
No.  2529. 

Tests  of  Safety  Explosives  (Versuche 
mit  Sicherhcitsprengstoffcn).  Herr  Bey- 
ling.  Gives  results  of  tests  on  a  large 
number  of  German  explosives.  4500  w. 
Gliickauf — Jan.  23,  1909.  No.  2677  D. 
Formation. 

Pres?ure  in  the  Formation  and  Altera- 
tion of  Coal.  D.  B.  Dowling.  Gives  re- 
sults of  recent  experiments  on  peat,  show- 
ing that  there  is  some  relation  between 
the  pressure  under  which  the  coal  was 
formed  and  the  resultant  compound.  1400 
vv.  Can  Min  Jour— Feb.  15,  1909.  No. 
2550. 
Mining. 

Mining  Methods  for  Maxinnini  Recov- 
ery of  Coal.  P[.  V.  Hesse.  Considers  the 
important  factors  that  cause  loss,  discuss- 
ing improved  methods  of  operation,  giving 
a  case  where  early  methods  secured  about 
S0%  and  present  methods  9S7c-  Ills.  4<">go 
w'.  Eng  &  Min  Jour— Feb.  6,  1909.  No. 
2318. 
New  Zealand. 

Coal-Mining  I^lcthods  in  Now  Zealand. 
Frank  Reed.  An  account  of  n'lethods  of 
operating,  ventilation,  prospects,  etc.  1500 
w.  N  Z  Mines  Rec— Dec.  16,  1909.  No. 
2199  B. 

Coal  Mining  Methods  in  New  Zealand. 
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Frank  Reed.  Brief  description  of  coal- 
mining operations,  colliery  workings,  etc. 
2000  w.  Aust  Min  Stand— Jan.  13,  1909. 
No.  2506  B. 

Pennsylvania. 

The  Jenner  Mine  of  the  Somerset  Coal 
Co.  John  L.  Wagner.  Illustrated  descrip- 
tion of  the  ring  electric  coal  puncher 
machines  for  cutting  coal,  methods  of 
haulage,  etc.  1400  w.  Mines  &  Min— Feb., 
1909.   No.  223c  C. 

Philippines. 

Philippine  Coal-Fields.  J.  B.  Dilworth. 
Information  concerning  the  coalfields  ex- 
amined. Map.  4000  w.  Bui  Am  Inst  of 
Min  Engrs— Jan.,  1909.    No.  2422  F. 

Philippine  Coals  as  Fuel.  Alvin  J.  Cox. 
Reports  an  investigation  made  to  deter- 
mine the  steam-making  value  of  the  coals 
of  the  Philippine  Islands,  as  compared 
with  foreign  coals  offered  on  the  market. 
Also  a  comparative  study  of  the  individ- 
ual coals.  Ills.  12600  w.  Philippine  Jour 
of  Sci — Nov.,  1908.  No.  2709  N. 
Screening. 

Colliery  Screening  Plant.  Arthur  Hall. 
Read  before  the  Nat.  Assn.  of  Col.  Mgrs. 
Describes  the  general  schemes  of  screen- 
ing plants,  with  remarks  on  things  to  be 
adopted  or  avoided.  Ills.  6000  w.  Ir  & 
Coal  Trds  Rev — Feb.  5,  1909.   No.  2494  A. 

Storage. 

The  Economy  of  Storing  Coal  under 
Water  (Die  Lagerung  von  Steinkohle 
unter  V/asser  und  die  Wirtschaftlichkeit 
dieses  Verfahrens).  Kurt  Seidl.  Dis- 
cusses the  deterioration  of  coal  in  air  and 
reports  researches  on  the  economy  of 
water  storage.  Ills.  Serial,  ist  part.  8800 
w.  Gliickauf — Jan.  9,  1909.  No.  2676  D. 
Washing. 

The  Cardiff  Coal  Washery.  Illustrated 
detailed  description  of  the  plant  and  its 
operation.  4500  w.  Col  Guard — Jan.  29, 
1909.   No.  2356  A. 

COPPER. 
Arizona. 

Historical  Resume  of  the  Copper  Queen 
Mine.  Synopsis  of  an  address  delivered  at 
Bisbee  by  Dr.  James  Douglas,  giving  the 
early  struggles  of  this  valuable  mine.  2500 
w.  Eng-  &  Min  Jour — Feb.  20,  1909.  No. 
2559. 
Assaying. 

See  Mine  Sampling,  under  Mining. 
Blowers. 

The  Rotary  Blower  in  Smelting  Works. 
George  C.  Hicks,  Jr.  Explains  the  prin- 
ciples of  operation  and  the  essentials  of 
success.  Ills.  3000  w.  Eng  &  Min  Jour — 
Feb.  13,  1909.    No.  2466. 

British  Columbia. 

Methods  of  Mining  the  Granbv  Ore- 
bodies.  C.  M.  Campbell.  Explains  the 
nature  of  the   deposit,   scheme  of  opera- 


tions,   etc.     Little    timbering    is    required, 
and  electric  power  is  used.    Ills.    4000  w. 
Eng  &  Min  Jour —Jan.  30,  1909.   No.  2174. 
Canada. 

Some    Recollections    of    Early    Copper 
Mining  in   Canada.    Dr.   James   Douglas. 
Brief   review.    1500  w.    Can   Min  Jour — 
Feb.  I,  1909.    No.  2293. 
Refining. 

The  Effect  of  the  Presence  of  Certain 
"Addition-Agents"  Upon  the  Density  and 
Coherence  of  Electrolytically  Deposited 
Copper,  Lead,  and  Silver.  Royal  P.  Jarvis 
and  Edward  F.  Kern.  Based  on  an  inves- 
tigation conducted  in  the  metallurgical 
laboratory  of  the  School  of  Mines,  Co- 
lumbia University.  7000  w.  Sch  of  Mines 
Or — Jan.,  190Q.    No.  2752  D. 

See  also  Gold  Separation,  under  Gold 
AND  Silver. 

Siberia. 

See  same  title,  under  Gold  and  Silver. 
Smelters. 

The  Steptoe  Valley  Smelting  Plant,  Mc- 
Gill,  Nev.  Llew.  Humphreys.  Illustrated 
detailed  description  of  a  plant  in  course 
of  construction.  2500  w.  Min  Wld — Feb. 
6,  1909.  No.  2323. 
Smelting. 

Success  of  the  Fink  Process.  Brief  ac- 
count of  the  successful  test  made  of  Ed- 
ward Fink's  invention  at  Garfield,  Utah, 
which  demonstrated  its  ability  to  make 
high  grade  copper  matte,  and  blister  cop- 
per. 1200  w.  Min  Jour — Feb.  6,  1909.  No. 
2482  A. 

Trade. 

Production  and  Prospects  in  the  Cop- 
per-Mining Industry.  Arthur  Selwyn- 
Brown.  Reviews  the  present  position  of 
the  copper  industries  and  outlines  condi- 
tions in  the  principal  copper  mining  fields. 

•  3000    w.     Engineering    Magazine — March, 
1909.    No.  27S8  B. 

Utah. 

The  Ohio  Copper  Company,  Bingham, 
Utah.  Jas.  MacFarlane.  An  illustrated 
article  giving  the  history,  geology,  devel- 
opment, and  other  information.  2500  w. 
Min  Wld — Feb.  20,  1909.    No.  2574. 

GOLD    AND    SILVER. 

AUuvials. 

See  Australia,  under  Gold  and  Silver. 
Assaying. 

Routine  Assaying  on  a  Westralian 
Mine.  W.  B.  Blyth.  Describes  some 
present  day  Westralian  practice.  3800  w. 
Jour  Chem,  Met,  &  Min  Soc  of  S  Africa 
— Dec,  1908.  No.  2706  E. 
Australia. 

Deep-Lead  Alluvial  Mining  in  Victoria.       k 
Frank    Reed.      Illustrated    description    of       " 
methods.     Plates.     2000  w.     N  Z  Mines 
Rcc — Dec.   t6,  1908.     No.  2198  B. 
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The  Bendigo  Golclfielcl,  Victoria.  Frank 
Reed.  Describes  the  mining  operations  in 
the  deepest  auriferous  quarl/.-niines  in  the 
world.   2000  vv.    N  Z  Mines  Rcc — Dec.  i6, 

1908.  No.  2197  B. 

The  New  Loch  Fyne  Gold  Mine,  Mat- 
lock (V.).  Jaiiics  Trevor.  Plans  and  de- 
scription of  operations  and  general  con- 
ditions. 1500  w.  Aust  Min  Stand — Dec. 
23,  1908.  No.  2x96  B. 
Bolivia. 

See  Hydraulic  Mining,  under  Gold  and 

SlLVEP. 

Colombia. 

Gold  Mining  in  Colombia,  F.  Lynwood 
Garrison.  Describes  the  geological  condi- 
tions, especially  of  the  Cauca  Valley,  and 
predicts  the  development  of  a  valuable 
gold  mining  country.  Ills.  4500  w.  Min 
&  Sci  Pr — Feb.  6,  1909.    No.  2446. 

Colorado. 

The  Alice  Mine.  R.  L.  Hcrrick.  An 
account  of  a  body  of  porphyry  carrying  an 
average  of  $3  to  $4  in  gold  and  silver  per 
ton,  in  the  Fall  River  District  of  Colo- 
rado.   Ills.    3300  w.    Mines  &  Min — Feb., 

1909.  No.  2228  C. 
Cyaniding. 

The  Use  of  Lime  and  Licreased  Tem- 
peratures in  C3'^anidation.  Leo  D.  Bishop. 
Abstract  of  a  paper  before  the  Colo.  Sci. 
Soc.  Deals  with  special  features  of  the 
cyanide  process.  Ills.  2500  w.  Elec  Chem 
&  Met  Ind — Feb.,  1909.   No.  2195  C. 

The  Electrochemistry  of  Gold  Cyanide 
Solutions.  John  B.  Ekeley  and  Arthur  L. 
Tatum.  Abstract  of  a  paper  read  before 
the  West.  Assn.  Tech.  Chem.  &  Met.  1200 
w.    Min  Wld — Feb.  20,  1909.    No.  2576. 

Cyaniding  Operations  in  Mexico  During 
1908.  Mark  R.  Lamb.  Illustrates  a  num- 
ber of  plants  and  reviews  the  progress 
during  the  year.  2500  w.  Min  Wld — Feb. 
6,  1909.  No.  2322. 
Germany. 

See  same  title,  under  Lead  and  Zinc. 
Gold  Separation. 

The  Pearce  Gold-Separation  Process. 
Harold  V.  Pearce.  Gives  the  history  of 
the  development  with  a  description  of  this 
process.  4000  w.  Bui  Am  Inst  of  Min 
Engrs — Feb.,  1909.     No.  2749  C. 

Hydraulic  Mining. 

Hydraulic  Engineering  in  the  Yukon. 
E.  W.  Hagarty.  An  illustrated  article 
describing  the  engineering  development  of 
the  Yukon  Gold  Co.  4000  w.  Can  Engr — 
Feb.  IQ,  1909.    No.  2573. 

Suchez  de  Bolivia  Hydraulic  Mine. 
W.  E.  Gordon  Fircbrace.  Illustrated  de- 
scription of  the  largest  known  auriferous 
gravel  deposit  in  South  America.  1000  w. 
Min  &  Sci  Pr — Feb.  20,  1909.  No.  2764. 
Nevada. 

Mining  at  Grace  Valley  and  Nevada 
Citv.    G.  E.  Wolcott.    Inclined  shafts  are 


used.     Ills.     1800   w.    Eng  &   Min  Jour — 
Feb.  20,  1909.   No.  2557. 

Mining  and  Milling  at  Rawhide,  Ne- 
vada. G.  E.  Wolcott.  An  illustrated  ac- 
count of  these  gold  mines,  w''ich  give 
promise  of  becoming  large  producers. 
3000  w.  Eng  &  Min  Jour — Feb.  13,  1909. 
No.  2464. 

Ore  Formation  in  the  Wonder  District, 
Nevada.  Etienne  A.  Ritter.  Alap  and  il- 
lustrated description  of  the  vein  structure, 
and  peculia.r  arrangement  of  the  silver 
and  gold  minerals.  1500  w.  Eng  &  Min 
Jour — Feb.  6,  1909.  No.  2315. 
North  Carolina. 

The  Progress  of  Gold  Mining  in  North 
Carolina.  Edward  West  Lyon.  Reviews 
the  history  of  mines  that  were  large  pro- 
ducers before  the  Civil  War,  and  are  be- 
ing re-opened.  Ills.  4500  w.  Eng  &  Min 
Jour — Feb.  6,  1909.    No.  2316. 

Nova  Scotia. 

Leipsigate  Gold  Mining  District,  Nova 
Scotia.  Phil.  H.  Moore.  Illustrated  de- 
scription of  this  district,  its  development, 
and  production.  3000  w.  Min  Wld — Feb. 
-3>  1909-  No.  2442. 
Siberia. 

Mining  in  Siberia.  Chester  W.  Puring- 
ton.  Information  concerning  the  Siberian 
goldtields,  and  the  copper  and  silver-lead 
deposits.  1500  w.  Min  &  Sci  Pr — Feb.  13, 
1909.  No.  2535. 
Silver  Refining. 

See  Refining,  under  Copper. 
Wales. 

See  same  title,  under  Lead  and  Zinc. 
Yukon. 

See  Hydraulic  Mining,  under  Gold  anl 
Silver. 

IRON   AND   STEEL. 

Bessemer  Process. 

Experimental  Researches  on  the  Basic 
Bessemer  Process  (Experimentelle  Un- 
tersuchung  des  Thomasprozesses).  A 
review  of  extensive  researches  giving  re- 
sults. Ills.  8200  w.  Stahl  u  Eisen — Jan. 
27,  1909.    No.  2665  D. 

The,  New  Basic  Bessemer  Plant  at  the 
Burbach  Ironworks  (Das  neue  Thomas- 
stahhverk  der  Burbacher  Hiitte).  F. 
Schroeder.  Illustrated  detailed  descrip- 
tion. Serial,  ist  part.  2000  w.  Giesserei- 
Zeit— Jan.  i,  1909.    No.  2682  D. 

The  New  Basic  Bessemer  Plant  at  the 
Burbach  Iron  Works  (La  nouvelle  Acie- 
rie  Thomas  des  Usines  metallurgiques  de 
Burbach,  Prusse  rhenane).  Illustrated 
description  translated  from  Stahl  utid 
Eisen  for  Nov.  11,  1908.  3500  w.  Genie 
Civil — Jan.  2,  1909.     No.  2637  D. 

Blast-Fumace  Design. 

A  Revolutionary  Proposal  in  Blast  Fur- 
nace Construction.     Describes  a  proposed 
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construction  of  iron  blast  furnace  using 
blast  with  an  excess  of  oxygen.  Ills.  1500 
w.     Ir  Age — Feb.  11,  1909.    No.  2387. 

Blast-Fumace  Fuels. 

The  Development  of  the  Use  of  Coke 
as  a  Blast-Furnace  Fuel  in  Germany  (l->ie 
Entwicklung  der  Roheisenherstellung  mit 
Koks  in  Deutschland).  Fritz  W.  Liir- 
mann.  A  historical  review.  6000  w.  Stahi 
u  Eisen — Jan.  20,  1909.    No.  2662  D. 

Blast-Furnace  Gas. 

See  Blowing  Engines,  under  Iron  and 
Steel. 

Blowing  Engines. 

Blast  I'urnace  Gas  Blowing  Engine. 
Drawings  and  illustrated  description  of  a 
iioo-B.H.l'.  engine  for  the  Barrow  Hema- 
tite Iron  &  Steel  Co.,  Ltd.  1800  w.  Engr, 
Lond— Feb.  5,   1909.     No.  2491   A. 

China. 

Steel  Making  in  China.  Theodore  D. 
Morgan.  Information  concerning  the 
works  at  Hankow,  their  labor  conditions 
and  iron  ore  and  fuel  supplies.  3000  w. 
Ir  Age — Feb.  4,  1909.     No.  2247. 

Gayley's  Invention  of  the  Dry  Blast. 
R.  W.  Raymond.  Discusses  the  value  of 
this  invention,  the  commercial  economy, 
etc.  3500  w.  Bui  Am  Inst  of  Min  Engrs 
— Jan.,  1909.    No.  2425  F. 

The  Use  of  the  Dry-Air  Blast  for  Blast 
Furnaces  (Ueber  Anwendung  getrock- 
neter  Geblaseluft  im  Plochofenbetrieb). 
J.  Bartel.  Reviews  experience  at  the 
Creusot  works,  France.  Ills.  Serial,  ist 
part.  2200  w.  Oest  Zeitschr  f  Berg  u 
Huttenwesen — Jan.  2,  1909.  No.  2669  D. 
Electro-Metallurgy. 

Notes  on  Iron  and  Steel.  Bradley 
Stoughton.  Discusses  briefly  the  electro- 
thermic  manufacture  of  iron  and  steel, 
and  the  properties  and  uses  of  alloy 
steels.  Ills.  3000  w.  Jour  Fr  Inst — Feb., 
1909.    No.  2740  D. 

The  Grondal-Kjellin  and  Rochling- 
Rodenhauser  Electric  Steel  Furnaces.  An 
illustrated  account  of  experimental  work. 
3000  w.  Engng — Jan.  22,  1909.  No.  2220  A. 

The  Keller  Process  for  Producing  Steel 
in  the  Electric  Furnace  (La  Fabrication 
electrique  des  Aciers  par  le  Procede  Ch. 
A.  Keller).  Describes  the  furnace  and 
the  various  installations.  Ills.  2000  w. 
Rev  d'Electrochim  et  d'Electrometal — 
Dec,  1908.    No.  2612  F. 

Ingot  Compression. 

The  Harmet  Process  for  the  Compres- 
sion of  Steel  Ingots  (Developpement  du 
Procede  de  Compression  de  I'Acier  par 
Trefilage).  F.  Beutter.  Describes  the 
development  of  the  process  and  some  of 
the  more  important  installations  in  which 
it  is  used.  Ills.  3000  w.  Rev  de  Metal 
— Jan.,  1909.    No.  2617  E  -f  F. 

Sooo-Ton     Press    for    Dynamic    Com- 


pression of  Fluid  Steel.  Illustrated  de- 
tailed description  of  press  used  in  making 
ingots  on  the  dynamic-compression  sys- 
tem. Plate.  ?ooo  w.  Engng — Jan.  22, 
1909.    No.  22  T7  A. 

Minnesota. 

Open-Pit  Iron  Mining  on  the  Mesabi 
Range  of  Northern  Minnesota.  J.  Fred 
Wolff.  Outlines  the  engineering  steps  in 
developing  an  open-pit  mine.  Ills.  3000 
w.   Mines  &  Min — Feb.,  1909.   No.  2227  C. 

Newfoundland. 

Sinking  of  Wabana  Submarine  Slopes. 
R.  E.  and  A.  R.  Chambers.  An  account 
of  these  submarine  areas,  recent  investi- 
gations having  proven  an  enormous  field 
of  iron  ore  under  Conception  Bay.  Ills. 
Plates.  3500  w.  Can  Min  jour — Feb. 
15,  1909.    No.  2552. 

Ontario. 

Recent  Progress  in  the  Mineral  Indus- 
try in  the  Thunder  Bay  and  Rainy  River 
Districts.  F.  Hille.  Gives  a  brief  resume 
of  their  history  and  a  review  of  the  past 
year.  2500  w.  Can  Min  Jour — Feb.  15, 
1909.    No.  2553. 

Open  Hearth. 

See  Foundry  Furnaces,  under  ME- 
CHANICAL ENGINEERING,  Machine 
Works  and  Foundries. 

Rolling  Mills. 

Experiments  with  Rolling  Mill  Plant. 
F.  Carleton  Anderson.  Abstract  ot 
paper  read  before  the  Manchester  Assn. 
of  Engrs.  A  report  of  experiments  made 
to  determine  the  actual  power  required 
for  driving  a  similar  mill  electrically.  1500 
w.  Mech  Engr— Jan.  29,  1909.  Serial,  ist 
part.     No.  2353  A. 

Report  of  the  Commission  of  Research 
on  the  Power  Consumption  of  Rolling 
Mills  (Bericht  iiber  die  Arbeiten  der 
Kommission  zur  Ermittlung  des  Kraft- 
bedarfs  an  Walzwerken).  H.  Ortmann. 
Report  of  tests  made  by  a  committee  of 
the  Verein  deutscher  Eisenhiittenleute. 
Ills,  iiooo  w.  Stahl  u  Eisen — ^Jan.  6. 
1909.     No.  2658  D. 

See  also  Sheets,  under  Iron  and  Steel. 
Sheets. 

Power  Consumption  in  Rolling  Thin 
Sheets  (Sur  le  Travail  depense  dans  le 
Laminage  de  la  Tole  mince).  M.  de 
Loisy.  Gives  results  of  tests  recently 
made  in  a  large  sheet  mill.  Ills.  2500  w. 
Rev  de  Metal — Jan.,  1909.  No.  2616  E  -f-  F. 
Steel  Making. 

The  Manufacture  of  Steel  for  Castings. 
Bradley  Stoughton.  From  a  paper  read 
before  the  Phila.  Found.  Assn.  Compares 
the  various  processes  as  to  equipment, 
quality  and  cost.  3000  w.  Ir  Age — Feb. 
II,   1909.     No.  2385. 
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Steel  Works. 

See  Cranes,  under  MECHANICAL 
ENGINEERING,  Transporting  and 
Conveying. 

LEAD  AND  ZINC. 
Australia. 

See  Lead  Milling,  under  Ore  Dressing 

and   CONCENTliATION. 

Germany. 

Mining  in  the  Harz.     Editorial  review 
of  metal  mining  in  this  district.     2000  w. 
Engng — Feb.  12,  1909.     No.  2596  A. 
Lead  Refining. 

See  Refining,  under  Copper. 
Missouri. 

See  Ore  Deposits,  under  Miscellany. 

Tennes.see. 

The  East  Tennessee  Zinc  Mining  Dis- 
trict. Samuel  W.  Osgood.  Illustrates  and 
describes  the  mines  and  deposits,  w^hich 
are  too  low-grade  for  small  operations. 
2500  w.  Eng  &  Min  Jour — Feb.  20,  1909. 
No.  2558. 
Wales. 

Flintshire  District.     H.  L.  Terry.     In- 
formation     concerning      the      silver-lead 
mines  and  spelter  works.     1700  w.     Min 
Jour — Feb.  13,  1909.     No.  2589  A. 
Zinc  Recovery. 

The  Electrolytic  Recovery  of  Zine. 
Walther  Stoeger.  Briefly  reviews  the 
new  methods  of  extraction  that  have  been 
tried  for  zine  ores,  describing  a  sulphuric 
acid  process  that  has  stood  the  test  of 
practical  application.  1200  w.  Min  Jour 
— ^Jan.  30,  1909.  Serial,  ist  part.  No. 
2355  A. 

The  Electrolytic  Recovery  of  Zinc 
(Elektrolytische  Zinkgewinnung).  Wal- 
ther Stoger,  A  brief  review  of  recent 
progress.  Ills.  2400  w.  Oest  Zeitschr  ± 
Berg  u  Hiittenwesen — Jan.  2,  1909.  No. 
2668  D. 
Zinc  Smelting. 

The  Central  Zine  Company's  Works  at 
Seaton  Carew.  Illustrated  detailed  de- 
scription of  extensive  new  works  on  the 
N.  E.  Coast  of  England.  Plate.  2500  w. 
Engng — Jan.  29,  1909.     No.  2358  A. 

MINOR  MINERALS. 

Aluminium. 

The  Production  of  Aluminium  and  its 
Industrial  Applications  (Die  Herstellung 
des  Aluminiums  und  dessen  industrielle 
Verwendung).  Herr  Goldberg.  Its  re- 
duction from  ore,  its  properties,  alloys, 
uses,  etc.  Serial,  ist  part.  1500  w. 
Giesserei-Zeit — Jan.  i,  1909.    No.  2684  D. 

Carborundum. 

Carborundum  (Le  Carborundum).  L. 
Baraduc-Muller.  An  exhaustive  review 
of  its  discovery,  manufacture,  properties 
and  uses.  Ills.  19000  w.  Mem  Soc  Ing 
Civ  de  France — Nov.,  1908.    No.  2602  G. 


Cement. 

Volcanic  Tuff  as  a  Construction  and  a 
Cement  Material.  Alvin  J.  Cox.  A  report 
of  tests  made  to  show  its  real  value.  3000 
w.  Philippine  Jour  of  Sci — Nov.,  1908. 
No.  2710  N. 

The  Tonto  Portland  Cement  Works,  at 
Roosevelt  Dam,  Arizona.  Edgar  Perci- 
val.  Illustrated  description  of  this  plant 
constructed  to  supply  the  dam  works, 
with  features  of  the  manufacture  and 
statement  of  cost.  2000  w.  Munic  Engng 
— Feb.,  1909.     No.  2333  C. 

Clay. 

Our  Visible  Supply  of  Brick.  M.  B. 
Baker.  Describes  the  clay  deposits  of 
Eastern  Canada.  2800  w.  Can  Min  Jour 
— Feb.  15,  1909.     No.  2549. 

Manganese. 

The  Manganese  Ore  Deposits  of 
Georgia.  Thomas  L.  Watson.  A  study  ot 
the  distribution,  origin,  etc.  3500  w.  Ec- 
Geol — Jan.-Feb.,  1909.    No.  2718  D. 

Natural  Gas. 

The  Natural  Gas  Situation  at  Hunts- 
ville,  Ala.  John  R.  Lynn.  Aims  to 
give  a  true  statement  of  what  is  known 
of  this  field.  3000  w.  Am  Gas  Lgt  Jour 
— Feb.  8,  1909.    No.  2312. 

Nickel. 

A  New  Method  for  the  Determination 
of  Nickel  in  the  Presence  of  Cobalt 
(Nuevo  Procedimiento  para  el  Dosaje 
del  Niquel  en  Presencia  del  Cobalto). 
Juan  A.  Sanchez.  A  technical  descrip- 
tion of  the  method.  4000  w.  Anales  d  1 
Soc  Cien  Argentina — Oct.,  1908.  No. 
2657  E  -I-  F. 

Oil. 

Petroleum  in  1908  Largest  Production 
on  Record.  David  T.  Day.  Reports  the 
production  from  the  different  tields. 
3500  w.  Min  Wld— Feb.  6,  1909.  No. 
2324. 

Salt. 

The  Geological  Occurrence  of  Rock 
Salt  in  Louisiana  and  East  Texas.  G.  D. 
Harris.  Describes  these  deposits  and 
their  origin.  Maps.  6500  w.  Ec  Geol — 
Jan.-Feb.,  1909.  No.  2716  D. 
Slate. 

Welsh  Slate  and  the  Penrhyn  Quarry. 
Lionel  C.  Ball.  Brief  illustrated  account 
of  the  methods  at  the  largest  slate  quarry 
in  the  world.  3000  w.  Queens  Gov  Min 
Jour — Jan.  15,  1909.    No.  2503  B. 

Sulphur. 

Makushin  Sulphur  Deposits,  Unalaska. 
N.  Oliver  Lawton.  Describes  the  de- 
posits of  this  volcanic  region.  Ills.  1800 
w.     Min   &   Sci   Pr— Feb.   13,   1909.     No. 

Tin. 

Recovery  of  Tin  from  Alluvial  Depos- 
its.    H.  G.  Trenchard.     Notes  on  steam 
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sluicing  plants  at  Tingha  (N.  S.  W.) 
3000  w.  Aust  Min  Stand — Jan.  13,  1909. 
No.  2505  B. 

MINING. 
Accidents. 

Prevention  of  Accidents  in  Metal 
Mines.  Claude  T.  Rice.  Calls  attention 
to  many  preventable  accidents  due  to 
carelessness.  6500  w.  Eng  &  Min  Jour — 
Feb.  6,  1909.    No.  2317. 

Accounting. 

Mine  Accounting.  John  G.  Grant.  The 
first  of  a  series  of  articles  dealing  with 
book-keeping  for  mining  companies.  2500 
w.  Can  Min  Jour — Feb.  15,  1909.  Se- 
rial, a  St  part.     No.  2551. 

Mine  Accounting  in  the  Ruhr  District 
(Die  im  Ruhrbergbau  iiblichen  Methoden 
der  Selbstkostenberechnung) .  Herr 
Reckniann.  An  exhaustive  description  of 
the  cost  keeping  methods  in  this  coal  dis- 
trict. Ills.  Serial,  ist  part.  6000  vv. 
Gliickauf— Jan.  2,  1909.    No.  2675  D. 

Blasting. 

The  Theory  of  Blasting  with  High  Ex- 
plosives. Interesting  contributions  to  the 
discussion  of  E.  M.  Weston's  paper.  9500 
w.  Jour  Chem  Met  &  Min  Soc  of  S 
Africa — Dec,  1908.    No.  2708  E. 

Electric  Shot-Firing  in  Coal  Mines.  D. 
Harrington.  Discusses  a  system  installed 
in  Utah  where  all  shots  are  fired  from 
the  surface  after  the  workings  are  clear 
of  men.  Ills.  4000  w.  Eng  &  Min  Jour 
— Jan.  30,  1909.  No.  2172. 
Boring. 

Prospect  Drilling  in  the  Joplin  District, 
Missouri.  Doss  Brittain.  An  account  of 
prospecting  with  the  churn  drill.  2200  w. 
Min  Wld — Feb.  13,  1909.     No.  2443. 

Electric  Power. 

See    Central    Stations,    under    ELEC- 
TRICAL ENGINEERING,   GeneratixVg 
Stations. 
Hoisting. 

The  Lubrication  of  Winding  Ropes  and 
Cage  Guides  (Neuerungen  bei  der  For- 
derseil  und  Spurlattenschmierung).  O. 
Dobbelstein.  Illustrates  and  describes 
recent  oiling  devices.  2000  w.  Gluckauf 
— Jan.  2,  1909.    No.  2674  D. 

Devices  for  Greasing  Winding  Ropes 
and  Cage  Guides.  O.  Dobbelstein,  in 
Gluckauf.  Illustrated  detailed  description. 
1200  w.  Col  Guard — Jan.  29,  1909.  No. 
2357  A. 
Hoisting  Engines. 

A  New  Safety  Device  for  Steam 
Hoisting  Engines  (Eine  neue  Sicherheits- 
vorrichtung  fiir  Dampffordermaschinen).- 
G.  Schonfeld.  Illustrated  detailed  de- 
scription of  an  automatic  stop.  2200  w. 
Gluckauf — Jan.  23,   1909.     No.  2678  D. 

The  Debauche  Light  Automatic  Brake 
for  Hoisting  Engines  (Frein  leger  a  Ac- 
tion   variable    applicable    aux    Machines 


d'Extraction).      Illustrated    detailed    ac- 
scription.    2000  w.     Rev  de  Mecan — ^Jan., 
190Q.    No.  2625  E  +  F. 
See  also  Machinery,  under  Mining. 

Machinery. 

The  Management  of  Mining  Machinery 
(Maschinenwirtschaft  in  Bergwerken). 
H.  Hoffmann.  Discusses  the  installation, 
operation,  and  care  of  pumping,  hoisting, 
compression  and  other  machinery.  Ills. 
Serial,  ist  part.  5500  w.  Zeitschr  d  Ver 
Deutscher  Ing — Jan.  2,  1909.   No.  2832  D. 

Management. 

A  Labor  Chart  for  the  Management  of 
Mining  and  Milling  Operations.  Joseph 
Macdonald.  Gives  the  labor  chart  used 
for  the  Guanajuato  Consolidated  Mining 
&  Milling  Co.,  with  explanatory  notes. 
900  vv.  Bui  Am  Inst  of  Min  Engrs — 
Jan.,  1909.     No.  2424  F.  , 

Mine  Sampling. 

Sampling  and  Assaying  the  Copper 
Ores  of  the  Ely  District.  Robert  Marsh, 
Jr.  On  the  value  and  cost  of  drilling  work 
in  developing  low-grade  ores.  2000  w. 
Sch  of  Mines  Qr— Jan.,  1909.  No.  2751  D. 

Development  Sampling  and  Ore  Valu- 
ation of  Gold  Mines.  C.  Baring  Horwood. 
Calls  attention  to  the  essential  features 
of  good  practice.  3000  w.  Bui  Am  Inst 
of  Min  Engrs — Jan.,  1909.  No.  2426  F. 
Mine   Valuation. 

See  Mine  Sampling,  under  Mining. 

Ore  Handling. 

See  same  title,  under  MECHANICAL 
ENGINEERING,      Transporting      and 
Conveying. 
Prospecting. 

See   Boring,  under   Mining. 

Pumping. 

The  Choice  of  Mine  Pumps  (Ueber  die 
Auswahl  unterirdischer  Wasserhaltung- 
en).  P.  Hartmann.  Discusses  the  cost 
and  efficiency  of  electrically  and  steam 
driven  plunger  and  centrifugal  pumps. 
Ills.  -1500  w.  Gliickauf — ^Jan.  30,  1909. 
No.  2679  D. 
Quarrying. 

See  Slate,  under  Minor  Minerals. 
Shaft  Sinking. 

Shaft  Sniking  at  the  Horden  Collier}', 
Southeast  Durham.  John  Joseph  Prest. 
Describes  the  work  incidental  to  the  sink- 
ing of  three  shafts  through  water-bearing 
strata.  Ills.  Discussion.  13500  w.  Inst 
of  Civ  Engrs — No.  3708.    No.  2796  N. 

Sinking  a  Wet  Shaft  at  Tombstone. 
Elton  W.  Walker.  An  account  of  sinking 
through  the  largest  continuous  flow  of 
water  ever  dealt  with.  Ills.  1200  w.  Min 
&  Sci  Pr— Feb.  20,  1909.    No.  2763. 

Timbering. 

An  Improved  Method  of  Timbering 
Workings.     Martin  Schwerin.     Diagrams 
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ami  description  of  a  method  involving 
sloping  by  successive  inclined  sluices  and 
filling  in  the  spaces  as  the  work  pro- 
gresses. I20O  w.  Min  Wld — Feb.  6, 
1909.     No.  2325. 

Tonnage  Computation. 

Computing  Tonnage  from  Volume  of 
Ore  Removed.  S.  L.  Lefevre  and  Guy 
C.  Stoltz.  Explains  method  followed  to 
determine  the  tonnage  of  ore  extracted  in 
any  trespass,  where  two  companies  work 
together  harmoniousl}'.  Plan.  800  w. 
Eng  &  Min  Jour — Feb.  13,  1909.  No. 
2465. 

Ventilation. 

Problems  of  Mine  Ventilation :  Gas 
Caps  of  Inflammable  Gas.  Abstract  of  the 
lecture  of  W.  H.  Hepplewhite  at  Not- 
tingham University.  5500  w.  Ir  &  Coal 
Trds  Rev — Feb.  12,  1909.    No.  2599  A. 

Pressure  Fans  vs.  Exhaust  Fans.  Aud- 
ley  H.  Stow.  Their  application  to  colliery 
ventilation,  giving  arguments  for  and 
against  each  form  of  ventilation,  consid- 
ering their  weight  and  bearing.  4500  w. 
Bui  Am  Inst  of  Min  Engrs — Feb.,  1909. 
No.  2750  C. 

ORE  DRESSING  AND  CONCENTRATION. 

Crushing, 

See  Gold  Milling,  under  Ore  Dressing 
AND  Concentration. 

Gold  Milling. 

Grading  Assays  and  Grinding  Efficien- 
cies. Arthur  Yates.  Discusses  the  value 
of  grading  analyses  in  connection  with 
estimating  crushing  efficiency,  and  also  as 
a  method  of  checking  extraction  results. 
2000  w.  Jour  Chem,  Met  &  Min  Soc  of 
S,  Africa — Dec,   1908.     No.  2707  E. 

Ore  Washing  at  Cripple  Creek.  De- 
scribes the  ore  deposits,  methods  of 
screening  and  washing.  2000  w.  Min  & 
Sci  Pr — Feb.  20,  1909.    No.  2766. 

See  also  Nevada,  under  Gold  and  Sil- 
ver. 
Iron. 

Hand  Sorting  and  Mechanical  Dressing 
of  the  Dillenburg  Red  Ironstone  (Ueber 
Handscheidung  und  mechanische  Aufbe- 
reitung  des  Roteisensteins  im  Dillenburg- 
ischen).  Herr  Eickhoff.  The  ores  are 
concentrated  by  classifying  and  jigging. 
Ills.  2500  w.  Stahl  u  Eisen — Jan.  20, 
1909.  No.  2663  D. 
Launders. 

The  Carrying  Capacity  of  Launders.  W. 
C.  Browning.  Gives  results  of  experi- 
ments at  the  Utah  State  School  of  Mines, 
with  launders  of  glass,  wood  and  lino- 
leum at  different  grades.  1700  w.  Mines 
&  Min — Feb.,  1909.  No.  2230  C. 
Lead  Milling. 

Treatment  of  Broken  Hill  Ores.  W. 
Poole.      Read   before   the    Sydney   Univ. 


Engiig.   Soc.     Detailed  description  of  the" 
concentration   of  these  complex   lead-zinc 
ores.     C800  w.     Queens  Gov  Min  Jour — 
Jan.  15,  1909.  Serial,  ist  part.  No.  2504  B. 
Magnetic  Concentration. 

The  Grondal  Method  of  Concentrating 
Ore.  N.  U.  Hansell.  A  description  of 
the  wet  magnetic  methods  and  apparatus 
employed  in  Sweden  and  other  European 
countries.  Ills.  2200  w.  Ir  Trd  Rev — 
Feb.  II,  1909.  Serial,  ist  part.  No.  2440. 
Mill  Management. 

See  Management,  under  Mining. 
Roasting. 

See  Calcium  Sulphate,  under  Miscel- 
lany. 

Sampling. 

The  Methods  of  the  United  States  Steel 
Corporation  for  the  Commercial  Sampling 
and  Analysis  of  Iron  Ores.  J.  M.  Camp. 
Explains  methods.  loooo  w.  Elec  Chem  & 
Met  Ind — Feb.,  1909.  No.  2194  C. 
Zinc  Milling. 

See  Lead  Milling,  under  Ore  Dressing 
and  Concentration. 

MISCELLANY. 
Alaska. 

Progress  in  Alaska.  Alfred  H.  Brooks. 
Reviews  the  production  for  1908,  and  dis- 
cusses some  of  the  causes  that  are  re- 
tardmg  the  mineral  industry.  1500  w. 
Min  &  Sci  Pr — Jan.  30,  1909.  No.  2292. 
Austria. 

Mining  in  the  Austrian  Alps  (Montan- 
istische  Streifziige  durch  die  Alpenliin- 
der).  Alfons  Miillner.  A  description  of 
the  mining  and  smelting  industries.  Ills. 
Serial,  ist  part.  3500  w.  Oest  Zeitschr  f 
Berg  u  Hiittenwesen  — Jan.  30,  1909.  No. 
2672  D. 

British  Columbia. 

Southeastern  British  Columbia.  J.  A. 
Ohren.  A  resume  of  the  mining  indus- 
try for  the  year  1908.  3500  w.  Can  Min 
Jour — Jan.  i,  1909.     No.  1459. 

Mineral  Production  of  British  Columbia 
in  1908.  E.  Jacobs.  Reports  a  decrease 
of  over  $2,000,000  in  total  value,  with  an 
increase  in  lode  gold,  copper,  silver  and 
zinc.  5000  w.  Eng  &  Min  Jour — Jan.  30, 
1909.  No.  2173. 
Calcium  Sulphate. 

The  Behavior  of  Calcium  Sulphate  at 
Elevated  Temperatures  with  Some  Flux- 
es. H.  O.  Hofman  and  W.  Mostowitsch. 
An  account  of  an  investigation  to  study 
the  behavior  of  gypsum  when  exposed  to 
elevated  temperatures,  both  alone  and  in 
the  presence  of  fluxes.  7300  w.  Bui  .Am 
Inst  of  Min  Engrs — Jan.,  1909.  No.  2423  F. 

Colorado. 

Colorado  in  1908.  Forbes  Rickard.  A 
review  of  the  history  of  mining  and  met- 
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allurgical  industries  during  the  year, 
showing  progress  in  the  face  of  adverse 
conditions.  Ills.  1200  w.  Min  &  Sci 
Pr — ^Jan.  2,  1909.    No.  1629. 

Mexico. 

A  Brief  Review  of  the  Mining  Indus- 
try of  Mexico.  Ezequiel  Ordoiiez.  An 
account  of  raining  conditions.  4000  w. 
Ec-Geol— Dec,  1908.    No.  1875  D. 

Nevada. 

Nevada  in  1998.    J.  H.  G.  Wolf.    A  re- 
view of  the  mining  industry  during  the 
past  year.     3500  w.     Min  &  Sci  Pr — Jan. 
2,  1909.     No.  1626. 
New  Zealand. 

New  Zealand  as  a  Mining  Country. 
James  Mackintosh  Bell.  Map  and  illus- 
trated discussion  of  the  possibiHties,  re- 
viewing important  mines.  4000  w.  Aust 
Min  Stand— Nov.  25,  1909.  No.  1687  B. 
Nova  Scotia. 

The  Minerals  of  Nova  Scotia  During 
1908.  A.  S.  Barnstead.  A  review  of  the 
production  of  coal,  gold,  iron,  gypsum, 
and  other  minerals.  2500  w.  Can  Min 
Jour — Feb.  i,  1909.  No.  2294. 
Ore  Deposits. 

A  Theory  of  Volcanic  Action  and  Ore 
Deposits.  Their  Nature  and  Cause.  Hi- 
ram W.  Hixon.  The  basis  of  the  theory 
is  that  the  earth  was  at  one  time  an  in- 
candescent sun.  Applies  the  law  of  dif- 
fusion of  gases.  5000  w.  Inst  of  Min  & 
Met,  Eul  52 — Jan.  14,  1909.     No.  2427  N. 

An  Instance  of  Secondary  Impoverish- 
ment. Henry  Hobart  Knox.  Describes 
an  occurrence  of  unoxidized  iron  sulph- 
ides which  have  been  leached  of  their 
copper  contents.  3500  w.  Inst  of  Min  & 
Met,  Bui  52 — Jan.  14,  1909.     No.  2428  N. 

The  Many  Varied  Occurrences  of  Ore 
in  Veins.  Arthur  Lakes.  Illustrates  and 
describes  some  of  the  common  variations. 


1500  w.     Min  Wld — Feb.  20,   1909.     No. 

2575. 

The  Silver  Islet  Vein,  Lake  Superior. 
Walter  McDermott.  Reprint  of  an  article 
published  in  1877  which  describes  ore  de- 
posits of  interest  in  connection  with  the 
present  experience  of  mining  at  Cobalt. 
5000  w.  Inst  of  Min  &  Met,  Bui  52— 
Jan.  14,  1909.     No.  2429  N. 

Ozark  Lead  and  Zinc  Deposits:  Their 
Genesis,  Location,  and  Migration.  Charles 
R.  Keyes.  Outlines  the  principal  hy- 
potheses advanced  to  explain  their  origin, 
the  geology  of  the  formations,  geographic 
distribution,  and  a  study  in  general  of  the 
salient  features.  Ills.  14500  w.  Bui  Am 
Inst  of  Min  Engrs — Feb.,  1909.  No.  2748  D. 

The  Formation  of  Specular  Iron  Ore 
(Zur  Bildung  von  Eisenglanz).  H.  W61- 
bling.  Describes  the  chemical  actions 
necessary  to  produce  this  mineral.  2600 
w.     Gluckauf — Jan.  2,  1909,    No.  2673  D. 

Experiments  on  the  Separation  of  the 
Constituents  of  a  Solution  by  Filtration 
Through  a  Mineral  Filter.  Eugene  C. 
Sullivan.  Describes  experimental  work 
at  the  chemical  laboratory  of  the  U.  S. 
Geol.  Survey.  2000  w.  Ec-Geol — Dec, 
1908.  No.  1879  D. 
Reviews  of  1908. 

Review  of  Mining  in  the  United  States 
in  1908.  The  various  mining  districts  are 
reviewed  by  different  authors.  88000  w. 
Min  Wld — Jan.  30,  1909.     No.  2185. 

Profits  of  American  Mines  in  1908. 
Editorial,  showing  that  in  spite  of  adverse 
conditions  the  sum  of  $51,581,092  was 
paid  to  shareholders.  Also  progress  and 
improvements  during  the  year.  4000  w. 
Min  Wld — Jan.  30,  1909.    No.  2184. 

The  Metals  in  1908.  A  review  of  the 
past  year  in  connection  with  the  mar- 
kets. Copper  and  tin  are  considered  in 
this  number.  4000  w.  Min  Jour — Jan. 
23,   1909.     Serial,   ist  part.     No.  2215  A. 
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CONDUCTING  TRANSPORTATION. 

Signalling. 

Railway  Signaling.  James  B.  Latimer. 
An  elementary  explanation  of  the  uses  of 
the  various  signals,  the  principles  of  the 
track  circuit,  etc.  2500  w.  Sig  Engr — 
Feb.,   1909.     Serial,    ist  part.     No.   2540. 

Track  Circuit  Signals  Without  Insu- 
lated Joints.  Describes  this  system  which 
has  been  in  use  on  the  Long  Island  Rail- 
road for  six  months.  Ills.  1200  w.  R  R 
Age  Gaz — Feb.  12,  1909.     No.  2472. 

Difficulties  With  Track  Circuits  in 
Great  Britain.  From  the  report  of  Ames 
and  Adams,   Interstate   Commerce   Com- 


mission. Explains  some  difficulties  not  en- 
countered in  American  practice.  800  w. 
R  R  Age  Gaz — Feb.  19,  1909.     No.  2548. 

Experiments  with  Safety  Appliances  for 
Preventing  Trains  from  Over-Running 
Signals  Standing  at  "Danger."  Capt. 
Gonell.  Describes  appliances  under  trial 
by  the  Prussian  State  Railways.  Ills. 
4000  w.  Bui  Int  Ry  Cong — Jan.,  1909.  No. 
2435  G. 

First  Annual  Report  of  the  Block  Sig- 
nal and  Train  Control  Board  to  the  In- 
terstate Commerce  Commission.  24000 
w.     Sig  Engr — Feb.,  1909.     No.  2541. 

The  Perry-Prentice  Wireless  Signalling 
System.    H.  Avery  Blair.    Illustrated  de- 
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tailed  description  of  this  system.     4500  w. 
Sig  Engr— Feb.,  1909.     No.  2539. 

New  Interlocking  Work  on  the  Balti- 
more (k.  Ohio  R.  R.  Describes  special 
features  of  recently  installed  plants.  Ills. 
1500  w.  Ry  &  Engng  Rev — Jan.  30,  1909. 
No.  2182. 

New  Automatic  Signals  on  the  Boston 
&  Albany.  Illustrated  description  of  a 
recent  installation  of  the  Hall  automatic 
block  signals,  between  Westfield,  Mass., 
and  Rensselaer,  N.  Y.  1200  w.  R  R 
Age  Gaz — Feb.  s,   1909.     No.  2299. 

Manual  Block  Signaling  with  the  "A 
B  C"  System  on  Northern  Pacific.  Gives 
some  details  of  the  Northern  Pacific  prac- 
tice and  a  comparison  between  the  Alfred 
Beamer  plan  and  other  methods  of  train 
control.  3500  w.  R  R  Age  Gaz — Feb. 
19,  1909.     Serial,  ist  part.     No.  2543. 

Railway  Signalling  in  Holland,  Bel- 
gium, Sv/itzerland,  and  Italy  (Notes  sur 
la  Signalisation  des  Chemins  de  Fer — 
Hollande,  Belgique,  Suisse,  Italic).  Ed. 
Epinay.  An  exhaustive  review  of  signal 
practice  in  these  countries.  Ills.  34000  w. 
Ann  d  Ponts  et  Chauss — 1908-II.  No. 
2606  E  +  F. 
Train  Operation. 

Military  Habits  in  Train  Operation.  W. 
L.  Park.  Especially  considers  the  im- 
portance of  efficient  flagging  of  trains. 
2000  w.  R  R  Age  Gaz — Feb.  19,  1909. 
No.  2544. 

MOTIVE  POWER  AND  EQUIPMENT. 

Air  Brakes. 

Continuous  Brakes  on  Good  Trains.  J. 
Doyen.  Gives  statistical  information 
based  on  a  paper  by  Mr.  Staby.  1800  w. 
Bui  Int  Ry  Cong — Jan.,  1909.  No.  2432  G. 

Vacuum  Brake  Trials.  Reports  trials 
of  the  Hardy  system  on  the  lines  of  the 
Austrian  state  railways.  Six  tables.  4000 
w.     Bui  Int  Ry   Cong — Jan.,   1909.     No. 

2433  G. 

Broken  Air  Pipes  with  H.  6  Brake. 
G.  VV.  Kiehm.  Directions  for  various 
possible  breaks.  2000  w.  Ry  &  Loc 
Engng — Feb.,  1909.  Serial,  ist  part.  No. 
2266  C. 

Axles. 

A  Differential  Joint  for  Railway  Car 
Axles.  Illustrated  description  of  a  de-. 
vice  for  jointing  railway  car  axles  to  per- 
mit independent  rolling  of  the  two  wheels. 
900  w.  Eng  News — Feb.  4,  1909.  No. 
2278. 

Brake  Shoes. 

Brake  Shoe  Testing  Machine.  Illus- 
trated description  of  a  machine  by  which 
brake  shoes  may  be  tested  under  condi- 
tions similar  to  actual  service.  1200  w. 
R  R  Age  Gaz — Feb.  26,  1909.     No.  2778. 

Dynamometer  Cars. 

Dynamometer  Car  of  the  University  of 
Illinois  and  the  Illinois  Central  Railroad. 


F.  W.  Marquis.     Illustrated  description  of 
the  newly   equipped  car  and   its   records. 
3000   w.      R    R    Age   Gaz— Feb.    19,    1909. 
No.  2545. 
Electrification. 

Railway  Electrilication.  Philip  Dawson. 
Briefly  considers  a  few  advantages  in  the 
case  of  long-distance  lines,  especially  dis- 
cussing the  advantages  to  British  rail- 
ways by  the  electrification  of  suburban 
lines.  3000  w.  Elec  Rev,  Lond — Feb.  5, 
1909.     Serial,  ist  part.     No.  2476  A. 

Electric  Traction  on  Urban  and  Inter- 
urban  Steam  Railways.  H.  E.  O'Brien. 
Abstract  from  Pro.  of  Liverpool  Engng. 
Soc.  Discusses  the  value  of  electrifica- 
tion, summing  up  against  electric  traction 
on  main  lines.  2000  w.  Elect'n,  Lond — 
Jan.  2J,  1909.     No.  2208  A. 

Locomotive  Boilers. 

Locomotive  Boiler  Inspection.  Infor- 
mation from  the  second  annual  report  of 
the  New  York  Public  Service  Commis- 
sion concerning  work  done.  3000  w. 
Boiler  Maker — Feb.,  1909.     No.  2320. 

Locomotive  Design. 

Weight  Distribution  of  Mallet  Ar- 
ticulated Locomotives.  H.  M.  Sloat.  Ex- 
plains method  of  calculating  the  weight 
distribution.  1000  w.  Am  Engr  &  R  R 
Jour — Feb.,  1909.     No.  2238  C. 

Locomotive  Fuels. 

The  Purchase  of  Railway  Fuel  Coal. 
Eugene  McAuliffe.  A  short  paper  intro- 
ducing a  discussion  of  this  subject.  13500 
w.  Pro  W  Ry  Club— Jan.  19,  1909.  No. 
2714  C. 

Tests  of  Briquetted  Fuel  on  Loco- 
motives. Reports  the  tests  made  by  the 
U.  S.  Geol.  Survey.  Ills.  3000  w.  Ry. 
&  Engng  Rev — Jan.  30,   1909.     No.  2183. 

Tests  of  Lloydell  Coal  and  Briquets  on 
the  Locomotive  Testing  Plant  at  Al- 
toona.  Abridged  report  of  results,  pre- 
pared by  E.  D.  Nelson.  2800  w.  R  R 
Age  Gaz— Feb.  5,  1909.  No.  2300. 
Locomotive  Pressures. 

High  Steam  Pressures  in  Locomotive 
Service.  W.  F.  M.  Goss.  A  review  of  a 
report  to  the  Carnegie  Institution  of 
Washington.  Describes  the  research  and 
the  means  employed.  10500  w.  Univ  of 
111,  Bui  26— Sept.  I,  1908.    No.  2417  N. 

Locomotives. 

Horatio  Allen  and  the  Novelty  Works. 
Edward  P.  Buffet.  Sketch  of  the  career 
of  the  man  who  brought  the  first  loco- 
motive to  America.  3500  w.  Power — 
Feb.  2,   1909.     No.  2191. 

Compound  Atlantic  Type  Locomotives. 
C.  M.  &  St.  P.  Ry.  Illustrated  detailed 
description  of  four  cylinder  engines,  with 
data  regarding  their  work.  1200  w.  Ry  & 
Engng  ^Rev— Feb.  13,  1909.     No.  2454. 

Balanced  Compound  Passenger  Loco- 
motive.     Illustrated    description    of    en- 
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giiies  for  the  N.,  C.  &:  St.  L  Ry.  800  w. 
Am  Engr  &  R  R  Jour— Feb.,  1909.  No. 
2239  C. 

Articulated  Compound  Locomotive  0-6- 
6-0  Type.  Illustrated  description  of  a 
Mallet  engine  recently  delivered  to  the  D., 
N.  W.,  &  P.  Ry.  600  w.  Am  Engr  & 
R  R  Jour— Feb.,  1909.    No.  2240  C. 

2-8-0  for  the  Lehigh  and  Hudson  River. 
Illustrated  description  of  consolidation 
type  locomotives  for  use  in  heavy  freight 
and  coal  traffic.  700  w.  Ry  &  Loc  Engng 
— Feb.,  1909.    No.  2265  C. 

New  Locomotive  Equipment;  East  In- 
dian Railway.  Brief  illustrated  descrip- 
tion of  two  types  of  heavy  passenger 
locomotives.  500  w.  R  R  Age  Gaz — Feb. 
19,  1909.    No.  2547. 

Compound  Articulated  Locomotive : 
Eastern  Railway  of  France.  Illustration, 
with  description  of  large  American  built 
engines  on  the  Mallet  principle.  1500  w. 
Mech.  Engr — Jan.  29,  1909.     No.  2351  A. 

A  Compound  for  the  Western  of 
France  (Locomotive-Tender  compound 
des  Chcmins  de  Fer  de  I'Ouest).  Descrip- 
tion of  a  recent  four-cylinder,  six-wheel 
model.  Ills.  3000  w.  Tech  Mod — Jan., 
1909.     No.  2635  D. 

New  Test  Locomotives  for  the  Swiss 
Railways  (Neue  Versuchslokomotiven 
der  Schweizerischen  Bundesbahnen).  M. 
Weiss.  Illustrated  description  of  super- 
heater locomotives  of  series  A  3-5  and  C 
4-5.  2000  w.  Schweiz  Bau — ^Jan.  23, 
1909.     No.  2691  B. 

Locomotive  vSmoke. 

The  Smoke  Nuisance  in  Cities.  A.  W. 
Gibbs.  Shows  the  nature  of  the  problem 
and  the  difficulties  met  in  dealing  with  it, 
and  reviews  progress  made  in  overcom- 
ing smoke  from  locomotives.  3500  w. 
R  R  Age  Gaz — Feb.  26,  1909.  No.  2777. 
Locomotive  Speed  Recorders. 

The  Hasler  Speed  Recorder  and  Indi- 
cator. Illustrated  description  of  a  speed 
indicator  and  recorder  for  locomotives 
adopted  on  several  continental  railways. 
1400  w.  Engng — Feb.  5,  1909.  No.  2487  A. 
Train  Lighting. 

See  D.  C.  Dynamos,  under  ELECTRI- 
CAL ENGINEERING,  Dynamos  and 
Motors. 

NEW  PROJECTS. 

C.  M.  &  St.  P. 

The  Extension  of  the  Chicago,  Mil- 
waukee &  St.  Paul  Railway  to  the  Pacific 
Coast.  An  illustrated  account  of  this  new 
line.  1200  w.  Sci  Am — Feb.  20,  1909. 
No.  2528. 
England. 

The  Wilmsiow  and  Levenshulme  Rail- 
way. A  new  line  in  England,  conscructed 
by  the  London  &  North- Western  Ry.  Co., 
to  open  a  new  residence  district  and  to 


relieve    Stockport    yard.      Ills.      1200    w. 
Engr,  Lond — Jan.  29,  1909.     No.  2369  A. 

PERMANENT  WAY  AND  BUILDINGS. 

Crossings. 

The  Railway  Crossing.  F.  L.  Somer- 
ville.  Discusses  the  development  anil 
proposed  elimination  of  grade  crossings. 
5000  w.  Can  Engr — Feb.  12,  1909.  No. 
2437. 

Rail  Joints. 

Asj'mmetrical  Rail  Joints  (Note  sur  le 
Joint  asymetrique).  FI.  Bouchard.  De- 
scribes the  theory,  construction  and  re- 
sults. Ills.  3800  w.  Rev  Gen  de  Chem- 
ins  de  Fer — Jan.,  1909.     No.  2626  G. 

Rails. 

The  Hammer  Blow  from  Incorrect 
Counterbalance.  H.  H.  Vaughan.  Gives 
report  of  a  study  made  of  a  serious  case 
of  dam.aged  rails  on  the  Canadian  Pa- 
cific Ry.  1800  w.  Am  Engr  &  R  R  Jour 
— Feb.,  1909.     No.  2237  C. 

Reconstruction. 

Rebuilding  the  Cairo  Division  of  the 
Big  Four.  An  illustrated  account  of  the 
methods  used,  of  the  terminal  facilities, 
operation,  etc.  2000  w.  R  R  Age  Gaz — 
Feb.  26,  1909.    No.  2776. 

Roundhouses. 

Engine  Terminal  Facilities  Constructed 
by  the  Wabash  Railroad  Company  at  De- 
catur, 111.  A.  O.  Cunningham.  Illus- 
trated detailed  description  of  recent  im- 
provements. 4000  w.  Jour  Assn  of 
Engng   Socs — Dec,   1908.    No.  2414  C. 

Terminals. 

An  English  Passenger  Terminal  Station 
with  Novel  Track  Arrangement.  Plan 
and  description  of  the  Victoria  Station 
(London)  of  the  London,  Brighton  and 
South  Coast  Ry.  2000  w.  Eng  News — 
Feb.  IT,  1909.    No.  2395. 

Ties. 

Iron  Sleepers  and  Wooden  Sleepers. 
Editorial  in  Zeit.  des  Ver.  Deutsch  Eisen- 
bahn.  Discusses  their  relative  economy. 
5500  w.  Bui.  Int  Ry  Cong — ^Jan.,  1909. 
No.  2436  G. 

Tunnels. 

See  same    title,    under    CIVIL    ENGI- 
NEERING, Construction. 
Turning  Y's. 

The  Employment  of  Turning  Y's  for 
Locomotives  (L'Emploi  de  Circuits  a 
Rebroussements  pour  le  Tournage  des 
Locomotives).  M.  Goupil.  Describes 
various  track  arrangements  for  loco- 
motives too  long  to  be  handled  on  turn- 
tables. Ills.  2000  w.  Ann  d  Fonts  et 
Chauss — 1908- V.    No.  2611  E  +  F. 

TRAFFIC. 

Commodity  Clause. 

Testing    the    Constitutionality    of    the 
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Commodity  Clause.  Reviews  the  brief 
in  behalf  of  the  railways,  and  the  argu- 
ments of  the  counsel  for  the  government. 
3500  v/.  R  R  Age  Gaz — Feb.  12,  1909. 
No.  2473. 

Demurrage. 

Reciprocal  Demurrage.  Arthur  Hale. 
Address  before  the  R.  R.  committees  of 
the  Nebraska  Legislature.  1200  w.  R  R 
Age  Gaz — Feb.  12,  1909.     No.  2471. 

MISCELLANY. 
Africa. 

The  Railways  of  French  North  Africa. 

Edgar     Allen     Forbes.       An     illustrated 

■  article  describing  the  lines,  rolling  stock, 

and  management.     3000  w.     Engineering 

Magazine — March,  1909.     No.  2785  B. 

England. 

The  Camcrton  and  Limpley  Stoke 
Railway.  Illustrated  description  of  a 
branch  line  of  the  Great  Western  Ry.  Co., 
built  m.ainly  on  the  bed  of  the  old  Somer- 
setshire Coal  Canal.  1200  w.  Engr, 
Lond — Feb.  5,  1909.  No.  2490  A. 
Government  Control. 

The  Railways  and  the  People.  Frank 
Trumbull.  From  an  address  before  the 
Board  of  Trade  of  Fort  Worth,  Texas. 
Discusses  regulation  of  rates,  over- 
capitalization, etc.  2000  w.  R  R  Age 
Gaz — Feb.  19,  1909.     No.  2546. 

Management. 

Methods  of  the  Santa  Fe.  Efficiency 
in    the    Manufacture    of    Transportation. 


Charles  Buxton  Going.  The  first  of -a 
series  of  articles  designed  to  give  a  broad 
view  of  the  Santa  Fe  problem  affecting 
the  manufacture  of  transportation,  and 
of  the  policy  underlying  the  work.  Ills. 
4000  w.  Engineering  Magaimc — March, 
1909.     Serial,  ist  part.     No.  2782  B. 

See  also  Education,  under  INDUS- 
TRIAL ECONOMY. 

Norway. 

The  Bergen-Christiania  Railway.  Map 
and  brief  account  of  interesting  railway 
construction.  800  w.  Engng — Feb.  12, 
1909.     No.  2591  A. 

Southern  Pacific. 

Twenty-fourth  Annual    Report  of  the 

Southern  Pacific  Company  and  Proprie- 
tary Companies  for  the. fiscal  year  ended 

June    30,     1908.  Report,    with    editorial 

review.    8500  w.  R  R  Age  Gaz — Feb.  12, 
1909.     No.  2.470. 
United  States. 

Railroads  in  the  Upbuilding  of  the 
South.  W.  J.  Meany.  A  general  review 
of  what  has  been  accomplished,  especially 
recent  important  roads,  and  the  future 
needs.  5000  w.  Mfrs  Rec — Jan.  7,  1909. 
(Special  No.)  No.  1560  C. 

Problems  Fronting  Railroads  in  South 
Atlantic  States.  J.  T.  Odell.  Discusses 
the  railroad  situation  in  the  South,  the 
need  for  improvement  and  modernization. 
2200  w.  Mfrs  Rec — Jan.  7,  1909.  (Special 
No.)  No.  1559  C. 


STREET  AND  ELECTRIC  RAILWAYS 


Adhesion  System. 

See  Switzerland,  under  STREET  AND 
ELECTRIC  RAILWAYS. 

Brakes. 

Improvement    in    the    Upkeep    of  the 

Braking    Equipment    of    Tramcars.  P. 
Scholtes.     Translation  of  a  report  of  the 

replies    received    to    questions    sent  out. 

2500  w.    Elect'n,  Lond — Feb.  5,  1909.  No. 
2477  A. 

Braking. 

The  Overloading  of  Tramway  Cars  (I 
Sovraccarichi  delle  Vetture  tramviarie 
Considerati  nei  Riguardi  della  Sicurezza 
deir  Esercizio).  Guido  Vallecchi.  A 
consideration  of  safety  in  operating  elec- 
tric cars  with  particular  reference  to 
brakes.  Ills,  p^ooo  w.  Ing  Ferro — Jan. 
T,  1909.    No.  2654  D. 

Canal  Haulage. 

Electrical  Haulage  of  Canal  Boats  (La 
Traction  electrique  des  Bateaux  sur  les 
Canaux).  P.  du  Bousquet.  A  discus- 
sion of  its  advantages  and  disadvantages, 


reviewing  experiences  and  tests  on  vari- 
ous European  canals.  Ills.  11200  w. 
Mem  Soc  Ing  Civ  de  France — Nov.,  1908. 
No.  2605  G. 

Car  Fenders. 

Car  Fender  and  Wheelguard  Tests. 
Recommendations  and  report  of  experi- 
ence with  various  types  in  the  tests  re- 
cently made  by  the  N.  Y.  Public  Service 
Commission.  4000  w.  Eng  News — Feb. 
25,  1907.    No.  2759. 

Fender  and  Wheelguard  Tests  of  the 
Public  Service  Commission  of  New  York, 
First  District.  Abstract  of  the  report  of 
tests  made  for  the  Commission.  4000  w. 
Elec  Ry  Jour— Feb.  6,  1909-     No.  2288. 

Street  Car  Fenders  and  Wheel  Guards. 
An  account  of  the  tests  by  the  Public 
Service  Commission.  Ills.  2500  w.  Mu- 
nic    Tour    &    Engr— Feb.    10,    1909.      No. 

23<^:v 

Car  Inspection. 

The  Reduction  of  Equipment  Failures 
and  Maintenance  Cost  on  the  Third  Ave- 


We  supply  copies  of  these  articles.    See  page  i$9. 


158 


THE  ENGINEERING  INDEX. 


i 


niie  Railroad  System,  New  York.  Gives 
results  of  improvement  due  mainly  to 
weekly  inspection.  1500  w.  Elec  Ry  Jour 
—Feb.  20,  1909.     No.  2534. 

Electric  Traction. 

Power  Requirements  of  a  Street  Rail- 
way (Bestimmung  des  Kraftbedarfs  fiir 
Strassenbahnen).  Fritz  Block.  Mathe- 
matical explanation  of  the  method  of  cal- 
culation. Ills.  Serial,  ist  Part,  ijoo  w. 
Elektrotech  Rundschau — Jan.  2,  1909.  '  No. 
2824  D. 

Interurban. 

Interurban  Railway  Developments  in 
the  United  States.  George  Ethelbert 
Walsh.  A  discussion  of  the  competition 
between  steam  and  electric  railways.  3500 
w.  Cassier's  Mag— Feb.,  1909.  No. 
2327  B. 

Japan. 

Municipal  Electric  Road  of  Osaka, 
Yoshio  Katagiri.  Brief  illustrated  de- 
scription of  the  only  municipally-owned 
street  railway  in  Japan.  400  w.  Munic 
Jour  &  Engr — Feb.  3,  1909.    No.  2236. 

Locomotives. 

See    Simplon,   under    STREET    AND 
ELECTRIC  RAILWAY. 
London. 

Putney  to  Hammersmith  Tramway.  Il- 
lustrated description  of  the  first  trolley 
line  over  a  London  bridge.  2500  w.  Tram 
&  Ry  Wld— I'cb.  4,  1909.    No.  2531  B. 

Management. 

The  Development  of  a  Small  Road.  A:i 
illustrated  account  of  the  system  at  She- 
boygan, Wis.  3500  w.  Elec  Ry  Jour — 
Feb.   13,   1909.     No.  2444. 

Street  Railways  vs.  People.  Samuel  H. 
Barker.  From  an  address  before  Whar- 
ton Sch.  of  Fin.  &  Com.,  Univ.  of  Penn. 
Discusses  street  railway  capitalization  and 
nianagement  in  large  cities,  cost  of  ser- 
vice, etc.  4000  w.  Eng  News — Feb.  25, 
1909.     No.  2756. 

Power  vStations. 

See  Central  Stations,  and  Hydro-elec- 
tric, under  ELECTRICAL  ENGINEER- 
ING, Geni:rating  Stations. 

Records. 

See  Record  Systems,  under  CIVIL  EN- 
GINEERING, Construction. 

Signalling. 

Automatic  Electric  Railway  Signals. 
William  K.  Waldron.  Explains  the  prin- 
ciples involved,  and  gives  illustrated  de- 
scription of  the  "Solenoid"  type,  oper- 
ated on  third-rail,  direct-current  track  cir- 
cuits. 1500  w.  Elec  Wld — Feb.  11,  1909. 
No.  2391. 

Simplon. 

New  Features  of  the  Simplon  Line. 
C.  L.  Durand.  Describes  new  points  re- 
lating to  the  tunnel  section  and  the  new 
Brown-Bovcri    electric    locomotives    used. 


Ills.     3000  w.     Elec  Rev,   N   Y — Feb.  20, 
1909.     No.  2554. 

Single-Phase. 

Electric  Traction  by  Simple  Alternating 
Current  in  Europe.  H.  Merchand-Thiriar. 
Gives  a  description  of  the  Locarno-Ponte- 
brolla-Bignasco  Hne  on  the  monophase 
system.  Ills.  2400  w.  Bui  Int  Ry  Cong 
— Jan,  1909.    No.  2434  G. 

The  Electrification  on  the  London, 
Brighton,  and  South  Coast  Railway.  Edi- 
torial discussion  of  this  overhead  single- 
phase  system.  2500  w.  Engng — Feb.  5, 
1909.    No.  2488  A. 

Subways.  » 

The  New  York  Rapid  Transit  Subway. 
William  Barclay  Parsons.  Illustrated  de- 
tailed description  of  the  design,  construc- 
tion, conditions,  etc.  Discussion.  50000 
w.     Inst   of   Civ   Engrs — No.   3739.     No. 

2795  N. 

The  Return  on  the  Investment  in  the 
New  York  Subways.  Abstract  of  the  sev- 
enth report  giving  an  analysis  of  earnings 
and  expenses.  3500  w.  Elec  Ry  Jour — 
Feb.  27,  T909.     No.  2779. 

See  also  Reinforced  Concrete,  under 
CIVIL  ENGINEERING,  Construction. 

Switzerland. 

The  Montreux-Bernese  Oberland  Elec- 
tric Railroad.  B.  F.  Hirschauer.  Illus- 
trated description  of  a  new  line  through  a 
picturesque  mountain  region  in  Switzer- 
land. 2500  w.  Elec  Rev,  N  Y — Feb.  6, 
1909.    No.  2321. 

The  Monthey-Champery  Railway  (Die 
Monthey-Champery-Bahn) .  Illustrated 
description  of  a  line  in  Switzerland  hav- 
ing stretches  on  the  combined  rack  and 
adhesion  system.  Serial,  ist  part.  2000 
w.  Schwciz  Bau — Jan.  2,  1909.  No. 
2689  B. 

The  Bellinzona-Mesocco  Railway  (Die 
elektrische  Bahn  Bellinzona-Mesocco). 
J.  G.  Boesch.  Illustrated  detailed  descrip- 
tion. Serial,  ist  part.  1500  w.  Elek 
Kraft  u  Bahnen — Jan.  4,  1909.  No. 
2823  D. 
Train  Acceleration. 

The  Industrial  Definition  and  Measure- 
ment of  Train  Acceleration.  Abstract 
translation  of  a  paper  by  C.  O.  Mailloux, 
read  at  the  recent  Int.  Elec.  Cong,  at  Mar- 
seilles. Explains  a  method  that  has  proved 
its  practical  utility.  3000  w.  Elec  Ry 
Jour— Feb,  13,  1909.  No.  2445. 
Trolley  Wires. 

The  Need  for  Testing  Trolley  Wire. 
Carl  F.  Woods.  Parts  of  a  paper  read  be- 
fore the  Am.  Chem.  Soc.  showing  what 
tests  should  be  performed  on  copper  trol- 
ley wire  for  the  best  service.  3000  w.  Eng 
News — Feb.  18,  1909.  No.  2526. 
Wheel  Guards. 

Sec  Car  Fenders,  under  Sl'REET  AND 
ELECTRIC  RAILWAYS. 
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Alliance   Industricllc.    m.    Brussels. 

American  Architect,    w.    New   York. 

Am.  Engineer  and   R.  R.  Journal,  m.     New  York. 

American  Jl.  of  Science,    m.     New  Haven,  U.  S.  A. 

\mcrican   Machinist,    zv.    New  York. 

Anales  de  la  Soc.  Cicn.  Argentina,   m.   Buenos  Aires. 

Annales  des  Fonts  et  Chaussees.    m.    Paris. 

Ann.  d   Soc.   Ing.  e  d   Arch.   Ital.    w.     Rome. 

Applied  Science,    m.    Toronto,  Ont. 

Architect,     zv.     London. 

Architectural   Record,     m.     New   York. 

Architectural  Review,    s-q.    Boston. 

Architect's  and  Builder's  Magazine,     in.     New  York. 

.Australian    Mining    Standard,     zv.     Melbourne. 

Autocar,    zv.    Coventry,   England. 

Autom.obile.    zv.    New  York. 

Automotor  Journal,    zv.    London. 

Beton  und  Eisen.    qr.    Vienna. 

Boiler  Maker,    m.    New  York. 

Brass  World,    m.    Bridgeport,  Conn. 

Brit.   Columbia  Mining  Rcc.    in.    Victoria,   B.   C. 

Huilder.    zv.    London. 

Bull.   Bur.   of   Standards,     qr.    \\^ashington. 


Bulletin  de  la  Societe  d'Encouragement.     in.     Paris. 

Bulletin  du  Lab.  d'Essais.    in.    Paris. 

Bulletin  of  Dcpt.  of  Labor,    h-m.    Washington. 

Bull,  of  Can.  Min.   Inst.    qr.    Montreal. 

Bull.   Soc.   Int.   d'Electriciens.    in.    Paris. 

Bulletin   of   the    Univ.   of   Wis.,   Madison.  U.  S.  A. 

Bull.   Int.   Railway  Congress,     in.     Brussels. 

Bull.  Scicn.  de  IWssn.  des  Eleves  des  Ecoles  .Spec. 

m.    Liege. 
Bull.  Tech.  de  la  Suisse  Romande.    ^-);j.    Lausanne. 
California  Jour,  of  Tech.    m.    Berkeley,  Cal. 
Canadian  Architect,    in.    Toronto. 
Canadian    Electrical   News.     m.     Toronto. 
Canadian   Engineer,    zv.    Toronto  and  Montreal. 
Canadian  Mining  Journal,    b-zv.    Toronto. 
Cas&icr's  Magazine.    »;.    New  York  and  London. 
Cement,    ni.    New  York. 
Cement  Age.    m.    New  York. 
Central  Station,    m.    New  York. 
Chcm.  Met.    ,Soc.  of  S.   Africa,     ni.    Johannesburg. 
Clay  Record,    s-m.    Chicago. 
Colliery  Guard'an.     zv.     London. 
Compressed    Air.     ;;;.     Xew   York. 
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Comptes  Rendus  de  I'Acad.   des  Sciences,  w.  Paris. 
Consular  Reports,     in.     VVashinglon. 
Cornell    Civil    Engineer,     m.     Ithaca. 
Der  Motorwagen.    s-m.    Berlin. 
Deutsche  Bauzeitung.    &-w.    Berlin. 
Die  Turbine,    s-m.    Berlin. 
Domestic  Engineering,    w.     Chicago. 
Economic  Geology,    m.    New  Haven,  Conn. 
Electrical  Age.    m.    New  York. 
Electrical  Engineer,    w.    London. 
Electrical  Engineering,    w.    London. 
Electrical   Review,     w.     London. 
Electrical  Review,    w.    New  York. 
Electric  Journal,    m.    Pittsburg,  Pa. 
Electric  Railway  Journal,    w.    New  Y'ork, 
Electrical  World,    w.    New  York. 
Electrician,    w.    London, 
Electricien.    w.    Paris. 

Elektrische   Kraftbetriebe   u   Bahnen.    w.     Munich. 
Electrochemical  and   Met.   Industry,    w.     N.   Y. 
Elektrochemische  Zeitschrift.     m.     Berlin. 
Elektrotechnik  U   Maschinenbau.    w.    Vienna. 
Eiektrotechnische   Rundschau,    w.    Potsdam. 
Elektrotcchnische  Zeilschrift.    w.  Berlin. 
Elettricita.    w.    Milan. 
Engineer,     w.     London. 
Engineering,    w.    London. 
Engineering-Contracting,    w.    New  York. 
Engineering  Magazine,    m.    New  York  and  London. 
Engineering  and   Mining  Journal,     w.     New   York. 
Engineering   News.    w.    New  York. 
Engineering   Record,     w.     New   York. 
Eng.  Soc.  of  Western  Penna.   m.   Pittsburg,  U.  S.  A. 
I'cundry.    m.    Cleveland,  U.   S.  A. 
Genie  Civil,    w.    Paris. 
Gesundheits-Ingenieur.    s-ni.     Miinchen. 
Giesserei-Zeitung.     s-in.     Berlin. 
Glaser's  Ann.  f  Gewerbe  &  Bauwesen.    s-m.    Berlin. 
Heating  and  Ventilating  Mag.    m.    New  York. 
Ice  and  Cold  Storage,    ni.    London. 
Ice  and   Refrigeration,     m.     New  York. 
II  Cemento.    m.    Milan. 
Industrial  World,    w.    Pittsburg. 
Ingegneria  Ferroviaria.    s-m.    Rome. 
Ingenieria.    b-m.    Buenos  Ayres. 
Ingenieur.    w.     Hague. 
Insurance  Engineering,    m.     New  York. 
Int.   Marine  Engineering,    m.     New  York. 
Iron  Age.    w.    New  Y'ork. 
Iron  and  Coal  Trades  Review,    w.    London. 
Iron  Trade  Review,    w.    Cleveland,  U.  S.  A. 
Jour,  of  Accountancy,    m.    N.  Y. 
Journal  Asso.  Eng.  Societies,    m.    Philadelphia. 
Journal    Franklin    Institute,     m.     Philadelphia. 
Tour.  Ind.  &  Encng.  Chem.    m.    Easton,  Pa. 
Journal  Royal  Inst,   of  Brit.   Arch.     s-qr.    London. 
Jour.   Roy.  United  Service  Inst.    m.    London. 
Journal  of  Sanitary  Institute,    qr.    London. 
Jour,    of   South    African   Assn.    of    Engineers,     m. 
Johannesburg,  S.  A. 

Journal  of  the  Society  of  Arts.    w.    London. 

Jour.  Transvaal  Inst,  of  Mech.  Engrs..  Johannes- 
burg,  S.  A. 

Jour,  of  U.  S.  Artillery,    h-m.   Fort  Monroe,  U.  S.  A. 

Jour.  W.  of  Scot.  Iron  &  Steel  Inst.     m.    Glasgow. 

Journal  Western   Soc.  of  Eng.    hm.    Chicago. 

Journal  of  Worcester  Polv.  Inst.,  Worcester, 
U.   S.   A. 

Locomotive,    m.    Hartford,  U.  S.  A. 


Machinery,    m.     New  York. 
Manufacturer's  Record,    w.    Baltimore. 
Marine  Review.    iv.    Cleveland,   U.  S.  A. 
Mechanical    Engineer,     w.     London. 
Mechanical   World,    w.    Manchester. 
Mem.  de  la  Soc.  des  Ing.  Civils  de  France,    m.   Paris. 
Metallurgie.    w.    Paris. 

Mines  and  Minerals,    m.     Scranton,  U.   S.  A. 
Mining  and   Sci.  Press,    w.    San  Francisco. 
Mining  Journal,    w.    London. 
Mining  World,    w.    Chicago. 

Mittheilungen  des  Vereines  fiir  die  Forderung  des 
Local-  und  Strassenbahnwesens.     in.     Vienna. 
Municipal   Engineering,    m.     Indianapolis,    U.  S.  A. 
Municipal  Journal  and  Engineer,    w.    New  York. 
Nautical  Gazette,    w.    New  York. 
New  Zealand  Mines  Record,    m.    Wellington. 
Oest.  Wochenschr.  f.  d.  Oeff.  Baudienst,   w.   Vienna. 
Oest.   Zeitschr.   Berg  &  Hiittenwesen.    w.    Vienna. 
Plumber  and  Decorator.    in.    London. 
Pov/er  and  The  Engineer,     iv.    New  Y'ork. 
Practical   Engineer,    w.    London. 
Pro.   Am.   Ins.   Electrical   Eng.   m.   New  York. 
Pro.  Am.  Ins.  of  Mining  Eng.  h-m.  New  York. 
Pro.  Am.   Soc.  Civil  Engineers,    m.    New  York. 
Pro.  Am.  Soc.  Mech.  Engineers  m.  New  York. 
Pro.  Canadian  Soc.   Civ.  Engrs.    m.    Montreal. 
Proceedings    Engineers'    Club.     qr.     Philadelphia. 
Pro.     Engrs.     Soc.    of    Western    Pennsylvania,    m. 

Pittsburg. 
Pro.  St.  Louis  R'way  Club.   m.   St.  Louis,  U.  S.  A. 
Pro.   U.   S.  Naval  Inst.    qr.    Annapolis,  Md. 
Public  Works,     qr.    London. 
Quarry     m.    London. 

Queensland  Gov.  Mining  Jour.  m.  Brisbane, 
Australia. 

Railroad  Age  Gazette,    tt-.    New  York. 

Railway  &  Engineering  Review,    w.    Chicago. 

Railway  and  Loc.  Engng.    m.    New  York. 

Railway   Master   Mechanic,     m.     Chicago. 

Revista  Tech.   Ind.    m.    Barcelona. 

Revue  d'Electrochimie  et  d'Electrometallurgie.  m. 
Pans. 

Revue  de  Mecanique.    m.    Paris. 

Revue  de  Metallurgie.    m.    Paris. 

Revue  Gen.  des  Chemins  de  Fer.     m.-    Paris. 

Revue  Gen.   des  Sciences,    w.    Paris. 

Rivista  Marittima.    m.    Rome. 

Schiffbau.     s-m.    Berlin. 
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THE   FIELD   AND   FUTURE  OF  THE   LOW-PRES- 
SURE STEAM  TURBINE. 

By  Ira  N.  Ho  His. 
II.     A   SURVEY   OF   HISTORY,    AND    EXAMPLES   OF   INSTALLATIONS. 

In  a  preceding  paper,  published  last  month.  Professor  Hollis  discussed  the  fundamental 
theory  and  the  fields  of  usefulness  of  the  low-pressure  turbine.  The  section  here  presented 
covers  the  historic  development  'and  applications  to  stationary  service  in  America.  A  con- 
cluding installment,  which  will  appear  in  the  July  issue  of  the  Magazine,  will  deal  with 
marine  installations  of  this  type  in  the  light  of  the  latest  experience. — The  Editors. 

THE  history  of  the  low-pressure  turbine  is  a  brief  one.  A  patent 
was  taken  out  in  1894  for  the  combination  of  the  Parsons* 
turbine  and  the  reciprocating  engine,  with  the  object,  as 
stated  by  Mr.  Parsons,  of  ''increasing  the  power  obtainable  by  the 
expansion  of  steam  beyond  the  limits  possible  with  the  reciprocating 
engine."  The  earliest  example  of  a  low-pressure  turbine  taking  ex- 
haust steam  was  in  the  torpedo  boat  Turbinia,  but  the  exhaust  came 
from  a  high-pressure  turbine  and  not  from  a  steam  engine.  The 
initial  exhaust  pressure  was  9  pounds  absolute.  The  actual  combina- 
tion of  a  reciprocating  engine  and  a  steam  turbine  was  not  put  to  a 
practical  test  until  1902,  when  two  inventors  tried  it  on  radically 
different  lines.  Mr,  Parsons  installed  it  in  the  destroyer  Velox, 
where  the  reciprocating  engines  were  fitted  to  the  same  shafts  as  the 
low-pressure  turbines  for  driving  the  centre  screws.  The  wing 
screws  were  coupled  to  high-pressure  turbines.  For  cruising  speed, 
the  steam  passed  successively  through  the  reciprocating  engine,  the 
high-pressure  turbine,  and  the  low-pressure  turbine ;  and  the  econ- 
omic results  were  good.  For  high  speed,  the  reciprocating  engines 
were  uncoupled,  and  the  steam  passed  from  the  boiler  direct  to  the 
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RATEAU    EXHAUST-STEAM    TURBINE         AT    THE     WISCONSIN     STEEL    COMPANY  S     MILL, 

SOUTH    CHICAGO. 
700-kilowatts  capacity,  direct  connected  to  direct-current  dynamos.    Western  Electric  Co. 

high-  and  low-pressure  turbines  successively.  While  Mr.  Parsons 
seems  to  have  thought  of  all  possible  applications  of  the  turbine,  Pro- 
fessor Rateau  made  the  first  commercial  use  of  the  combination  for 
stationary  purposes,  at  the  Bruay  mine  in  1902.  He  has  given  an 
excellent  description  of  his  system  in  the  Revue  de  Mecanique  for 
October,  1907,  and  a  very  good  idea  of  his  claims  may  be  found  in 
the  article  published  by  The  Engineering  Magazine  in  1907.  An 
interesting  example  of  its  application  to  mill  work  in  the  United 
States  is  found  at  the  Wisconsin  Steel  Company's  mill  at  South  Chi- 
cago. The  primary  engine  is  of  the  double-cylinder  type,  42  inches 
by  60  inches,  operating  the  rolls  for  19  steel  ingots  an  hour.  There 
is  frequent  stopping  and  reversing,  and  the  engine  is  practically  idle 
20  per  cent  of  the  time.  The  intermittent  exhaust,  which  was  for- 
merly turned  into  the  atmosphere,  passes  now  into  a  heat-storage 
tank,  or  regenerator,  from  which  it  emerges  in  a  continuous  flow  of 
steam  at  atmospheric  pressure.  The  turbine  driven  by  this  steam  is 
connected  to  two  direct-current  units  of  250  kilowatts  each.  A  full 
description  of  this  plant  was  given  in  a  paper  by  Mr.  H.  H.  Wait, 
at  the  December,  1907,  meeting  of  the  American  Institute  of  Electri- 
cal Engineers,  to  which  readers  of  The  Engineering  Magazine  are 
referred  for  details.  The  great  economic  gain  is  self-evident.  The 
Rateau  system  for  mills  and  mines  has  made  great  strides  in  France 
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and    l^n<4lan(l,  and  its  successful  development   in  the    United  States 
under  the  Western  Electric  Company  is  only  a  question  of  t"me. 


LONGITUDINAL    SECTION    OF   RATEAU    LOW-PRESSURE    STEAM    TURBINE. 

Western  Electric  Co. 

The  first  paper  on  the  low-pressure  turbine  of  the  Curtis  type  was 
read  before  the  International  Electric  Congress  at  St.  Louis,  in  1904, 
by  Mr.  W.  L.  R.  Emmet,  whose  work  in  connection  with  the  combi- 
nation of  reciprocating  engines  and  turbines  has  been  of  the  highest 
importance  in  demonstrating  that  the  economic  operation  of  all  exist- 
ing steam  engines,  even  of  the  condensing  type,  may  be  improved. 
A  further  impetus  to  the  adoption  of  the  low-pressure  turbine  as  a 
practical  method  of  saving  coal  in  old  steam-engine  plants,  has  been 
given  by  Mr.  H.  G.  Stott,  chief  engineer  of  the  Interborough  Rapid 
Transit  Company,  of  New  York,  who  accepted  it  for  one  of  the  large 
units  at  the  59th  Street  station. 

The  low-pressure  turbine  of  the  Parsons  type,  as  built  in  the 
United  States  by  the  Westinghouse  Machine  Company,  has  proven 
very  satisfactory.  It  should  be  more  advanced  in  design  than  the 
Curtis  type,  to  be  mentioned  later,  because  it  has  long  been  used  with 
high-pressure  turbines  for  marine  purposes.  ]^Iany  such  machines 
have  been  operated  successfully  for  years.  A  good  example  of  the 
Westinghouse-Parsons  turbine  in  connection  with  a  reciprocating 
engine  is  here  taken  from  an  article  by  Mr.  J.  R-  Bibbins  read  before 
the  Canadian  Society  of  Civil  Engineers  last  November. 

It  is  found  in  the  plant  of  the  United  States  Coal  and  Coke  Company, 
at  Gary,  W.  Va.  It  operates  the  mining  property,  serving  hoists,  pumps, 
blowers,  lights,  etc.  The  plant  contains  two  24  and  44  by  42  Corliss 
engines,  750  kilowatts,  one  looo-kilowatt  complete-expansion  steam  tur- 
bine, and  a  looo-kilowatt  low-pressure  steam  turbine,  both  of  the  Parsons 
type.    These  turbines  are  served  by  three  cooling-tower  units,  fan-driven, 
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WESTINGHOUSE-PARSONS    LOW-PKESSURE    DOUBLE-FLOW    TURBO-GENERATOR    UNIT, 

WITHOUT    GOVERNOR. 

each  24  feet  in  diameter  and  25  feet  high.  The  following  figures  roughly 
indicate  the  normal  operation  of  the  generating  units  from  readings  taken 
October  7,  1908: 

Output  of  two  Corliss  engines 1400      kilowatts 

Output  of  low-pressure  turbine 1200      kilowatts 

Steam  pressure  (gauge) 150      pounds 

Vacuum  low-pressure  turbine  (rfd.  to  30  in.) ...  .         25.8  inches 

Temperature  of  injection 88      degrees 

Temperature  of  air 85      degrees 

Cooling  in  tower 31      degrees 

Thus  the  low-pressure  turbine  carried  nearly  half  the  total  load  on  less 
than  26-inches  vacuum,  and  would  have  carried  more  than  1500  kilowatts 
on  28-inches  vacuum,  with  better  condensing  conditions,  giving  a  probable 
water  rate  for  the  engine-turbine  plant  of  approximately  18.5  pounds  per 
kilowatt-hour. 
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LONGITUDINAL     SECTION     OF     WCSTINGHOUSE-PARSONS     LOW-PRESSURE     DOUBLE-FLOW 

STEAM    TURBINE. 
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CURTIS     HORIZONTAL    LOW-PRESSURE     STEAM     TURBINE. 
500  kilowatts,  connected  to  4-pole  generator,  1500  r.p.m.     General  Electric  Co. 

The  first  low-pressure  turbine  of  the  Curtis  type  was  put  into  a 
power  station  of  the  Philadelphia  Rapid  Transit  Company,  in  1905. 
This  station  is  located  at  Thirteenth  and  Mt.  \^ernon  Streets,  where 
a  good  supply  of  condensation  water  is  not  available.  The  original 
plant  consisted,  therefore,  entirely  of  non-condensing  engines,  deliver- 
ing about  5,500  kilowatts  to  the  switchboard.  One  low-pressure  tur- 
bine and  generator  was  installed  in  January  1905,  and  one  year  later 
a  second  unit  was  added,  so  that  there  are  now  two  800-kilowatt 
direct-current  machines,  taking  steam  from  an  open  exhaust  pipe  in 
which  the  supply  is  always  in  excess  of  the  turbine  demand.  A  cool- 
ing tower  was  needed  and  this,  with  an  Alberger  condenser  having 
8,000  square  feet,  gives  an  average  vacuum  of  28  inches.  The  design 
of  the  turbine  is  comparatively  simple,  as  it  has  four  discs,  with  a 
single  row  of  buckets  on  each.  The  generator  is  a  direct-current 
machine  making  1,200  revolutions  per  minute,  and  there  is  no  gov- 
ernor. The  two  dry  air  pumps,  two  discharge  pumps,  and  one  step- 
bearing  pump  are  driven  direct  by  steam  cylinders,  while  the  other 
auxiliaries  are  motor  driven.  The  guarantee,  with  15  pounds  abso- 
lute at  the  turbine  and  i  pound  back  pressure,  was  36  pounds  per 
kilowatt-hour  for  the  turbine  alone.  Some  idea  of  the  gain  in  economy 
may  be  obtained  by  the  following  record  for  the  year  preceding  the 
installation  of  the  turbines,  and  the  year  succeeding. 

1904  1006 

Average  kilowatt  hours  per  month 2,475,000  2.957,500 

Average  cost  per  kilowatt  hour 7.30  mills         6.03  mills 

Average  weight  of  coal  per  kilowatt  hour.  . .  .     4.60  pounds     4.08  pounds 
Average  cost  of  coal  per  kilowatt  hour 5.15  mills         4.50  mills 
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During  the  year  1906,  the  turbine  carried  only  16.8  per  cent  of 
the  load,  and,  notwithstanding  this  small  contribution,  the  saving  in 
coal  amounted  to  11.3  per  cent.  Taking  the  cost  at  three  dollars  per 
ton,  the  saving  for  the  year  1906  would  have  been  about  $28,000.  The 
actual  saving  probably  exceeded  that,  on  account  of  a  change  in  the 
price  of  coal.  The  improvement  might  have  been  carried  still  farther 
by  recovering  energy  from  all  of  the  exhaust  steam.  As  it  was,  the 
greater  part  of  it  passed  through  the  escape  pipe  directly  into  the 
atmosphere,  rather  than  through  the  turbines.  The  reason  for  the 
great  gain  in  this  case  is  self-evident,  and  there  can  be  no  valid  argu- 
ment against  the  turbine  for  such  service.  But  it  would  have  been 
equally  possible  to  put  in  cooling  towers  and  condensers  for  the  steam 
engines,  and  thus  to  get  back  a  large  part  of  the  energy  passing  away 
in  the  exhaust  steam.  Part  of  the  gain  is  therefore  chargeable  to 
condensation,  and  the  real  merit  of  the  case  lies  in  the  fact  that  the 
turbine  makes  a  better  use  of  the  vacuum  than  a  steam  engine. 


ASSEMBLY   OF    1,000-KILOVVATT   LOW-PRESSURE   CURTIS    STEAM    TURBINE,    HORIZONTAL 

TYPE. 

A  number  of  these  combinations  have  been  made  for  non-con- 
densing plants  by  the  General  Electric  Company,  and  the  saving  of 
coal  has  justified  them  in  every  instance.  But  by  far  the  most  inter- 
esting is  one  in  process  of  construction  for  the  Interborough  Rapid 
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Transit  Company  of  New  York.  The  turbine  is  to  take  steam  from 
a  5,000-kilowatt  unit  installed  when  the  station  was  first  built.  It  will 
afford  a  real  test  of  the  combination  of  a  steam  engine  and  a  steam 
turbine  operating  together  as  a  unit  on  a  large  scale.  Furthermore, 
it  will  establish  for  the  first  time,  definitely  and  practically,  the  possi- 
bility of  gain  in  economy  and  power  when  a  steam  engine  with  a  con- 
densing plant  of  its  own  is  turned  into  a  non-condensing  engine  with 
a  low-pressure  turbine  in  sequence.  The  turbine  was  ordered  by  the 
Interborough  Rapid  Transit  Company  for  one  of  the  units  at  the  59th 
Street  station,  after  a  thorough  investigation  of  the  subject  by  Mr.  H. 
G.  Stott.  This  began  with  a  determination  of  the  water  rate  of  the 
existing  engine  through  a  wide  range  of  load,  by  actual  measurements 
at  certain  loads.  The  steam  consumption  of  the  engine  when  operat- 
ing condensing  as  determined  by  test,  was  175^  pounds  per  kilowatt 
hour,  at  4,000  kilowatts,  which  was  the  most  economical  load.  With 
loads  actually  carried,  the  average  water  rate  is  not  better  than  183^ 
to  19  pounds  per  kilowatt  hour.  Tests  were  also  made  to  determine 
the  quality  of  the  steam  exhausted  from  the  engine  at  various  loads, 
and  corrections  for  moisture  thus  served  to  give  all  the  necessary 
data  for  estimating  the  results  expected  from  the  combination  unit. 

The  steam-engine  unit  consists  of  two  compound  Corliss  engines 
connected  to  a  common  shaft  upon  which  is  mounted  the  revolving 
field  of  a  5,000-kilowatt  electric  generator.  The  high-pressure  cylin- 
ders are  horizontal,  and  the  low-pressure  cylinders  vertical,  of  diam- 
eters 42  inches  and  86  inches,  with  a  piston  stroke  of  60  inches.  The 
steam  is  supplied  to  the  engine  substantially  dry,  at  a  pressure  of 
186  pounds,  and  the  speed  is  75  revolutions  per  minute. 

The  turbine  will  take  its  steam  from  the  two  low^-pressure  cylin- 
ders, at  atmospheric  pressure,  or  thereabouts,  and  will  be  of  5,000 
kiloAvatts  normal  rating.  It  will  be  of  the  vertical  type,  with  a  base 
condenser  containing  about  20,000  square  feet  of  surface  in  i-inch 
tubes.  A  vacuum  of  28^  inches  should  easily  be  maintained,  and 
the  steam  consumption  of  the  turbine  at  its  rated  load  should  not 
exceed  29  pounds  per  kilowatt.  The  turbine  will  have  three  revolv- 
ing discs,  with  two  rows  of  blades  on  each.  The  total  periphery  of 
the  three  wheels  will  be  open  to  the  flow  of  steam,  but  the  first  stage 
will  be  provided  with  hand  valves  for  changing  the  number  of  ad- 
mission nozzles,  thus  putting  it  within  the  power  of  the  engineer  to 
fix  the  initial  pressure  at  any  desired  amount,  as  the  load  changes. 
The  generator  will  be  of  the  induction  type  and  will  deliver  current 
to  the  same  cables  as  the  engine-driven  generator,  without  intervenmg 
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switching  apparatus.  The  combination  will  therefore  become,  as 
regards  output,  a  single  unit,  and  no  governor  will  be  required  on  the 
turbine  except  the  usual  emergency  stop. 

The  reciprocating  engine  is  capable  of  developing,  when  operating 
non-condensing,  about  7,5QO  kilowatts.  The  boilers  fairly  assign- 
able to  this  unit  should  supply  about  170,000  pounds  of  steam  per 
hour.  This  should  give  very  close  to  7,300  kilowatts  in  the  engine 
and  5,300  kilowatts  in  the  turbine,  or  12,600  kilowatts  in  all.  The 
combined  water  rate  will  therefore  probably  be  as  low  as  13.5  pounds 
per  kilowatt-hour.  If  sufficient  engines  were  run  condensing  to  sup- 
ply this  power,  at  a  water  rate  of  19  pormds,  the  steam  consumed 
would  be  239,400  pounds  per  hour ;  so  that  the  saving  effected  by  the 
turbine  will  be  69,400  pounds  of  steam  per  hour.  The  unit  will 
naturally  be  run  continuously,  and  under  such  circumstances  the  sav- 
ing should  be  1,660,000  pounds  of  steam  per  day  of  24  hours.  This 
should  amount  to  something  over  $100,000  per  year,  at  the  prevailing 
cost  of  coal  in  New  York;  and  the  Interborough  Company  should 
thus  be  able  to  pay  for  the  installation  of  the  turbine  in  less  than  two 
years.  A  small  amount  of  calculation  will  show  that  the  above  figures 
allow  considerable  latitude  for  stoppage  of  the  imit.  The  cost  of  the 
new  installation  is  less  than  $30.  per  kilowatt,  and  the  actual  gain  is 
summed  up  by  the  General  Electric  Company  as  follows : 

An  increase  of  63  per  cent  in  the  peak  capacity  (based  upon  7,700  kilo- 
watts for  the  maximum  load  of  the  engine  when  running  non-condensing). 

An  improvement  in  fuel  economy  of  about  29  per  cent  (based  on  the 
figures  given  above  for  steam  expended  per  hour). 

A  water  rate  of  13.5  pounds  per  kilowatt-hour. 

An  annual  saving  of  38,000  tons  of  coal,  as  compared  with  the  amount 
hitherto  necessary  for  the  generation  of  12,600  kilowatts  continuously. 

All  these  claims  seem  entirely  reasonable,  and  the  new  unit  ought 
to  come  within  reach  of  them.  The  following  brief  summary  of  the 
turbine  data  is  supplied  by  the  General  Electric  Company : 

Steam  pressure  (absolute)  at  the  turbine 15  to  16  pounds 

Vacuum   283/^   inches 

Speed 750  R.  P.  M. 

Frequency 25  cycles 

Voltage II  ,000  volts 

Maximum  capacity    5700  kilowatts 

Total  weight   577,000  pounds 

Total  weight  of  revolving  parts 110,000  pounds 

Diameter  of  base 15  feet 

Height  over  all 27  feet 

A  careful  study  of  the  engines  of  the  Cambridge  Electric  Light 
Company,  after  tests  under  various  conditions,  indicates  for  a  small 
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engine  a  gain  similar  to  that  expected  by  the  Jnterhorough  Company. 
The  feed-water  rate  for  a  500-kilowatt  compound  engine  run  con- 
densing, buih  by  Mcintosh  &  Seymour,  is  22.26  pounds  per  kilowatt- 
iiour,  including  all  auxiliaries;  and  this  can  be  cut  down  to  16.77 
pounds,  a  saving  of  5.49  pounds  ])er  kilowatt-hour.  As  the  unit, 
steam  engine  and  turbine,  could  be  run  at  1,000  kilowatts  for  about 
fifteen  hours  a  day,  the  saving  would  be  82,350  pounds  of  steam;  and 
the  total  saving  for  one  year,  excluding  Sundays,  would  exceed 
$6,000. 

The  operation  of  the  combined  steam  engine  and  turbine  in  exist- 
mg  plants  has  proven  satisfactory  in  practice,  and  the  calculations  of 
economic  performance  have  been  borne  out,  yet  no  power  plant  has 
been  designed  primarily  with  the  combination  in  mind,  except  for 
marine  purposes.  One  example  of  this  is  reported  in  the  successful 
trial  of  the  Otaki,  built  for  the  New  Zealand  Shipping  Country.  She 
is  a  sister  ship  of  the  Orari,  which  has  only  reciprocating  engines. 
Both  have  precisely  the  same  boiler  installation.  Under  the  same 
conditions,  the  Otaki  made  15.09  knots  as  against  14.6  for  the  Orari. 
An  estimate  of  the  steam  consumed  for  all  purposes,  based  on  a  com- 
parison with  the  Orari,  gave  the  surprisingly  low  result  of  12.3 
pounds  per  horse-power  hour.  While  this  cannot  be  accepted  as 
final,  comparisons  between  two  sister  ships  being  often  misleading, 
the  Otaki  is  probably  a  very  economical  sliip. 

The  auxiliaries,  including  pumps  and  condensers,  required  for  a 
high  vacuum  with  the  low-pressure  turbine  do  not  differ  in  any- 
respect  from  those  used  with  the  all-turbine  station.  They  are  there- 
fore too  well  understood  to  need  explanation  in  a  short  paper.  The 
one  important  difference  in  the  two  types  of  machinery  relates  to  oil 
and  water  separation  before  the  steam  enters  the  turbine.  The  former 
can  be  drained  off  by  some  kind  of  a  separator,  and  the  latter  should 
be  evaporated  rather  than  separated,  if  it  can  be  accomplished  with 
waste  heat.  There  is  nothing  gained  by  using  live  steam  in  the  coils 
of  a  receiver  to  dry  the  exhaust  from  the  cylinder,  because  there  is  no 
initial  condensation  to  fear. 

The  governing  of  the  low-pressure  turbine  has  given  no  trou1)lc 
where  the  current  has  been  turned  into  the  same  bus  bar,  whether 
the  turbine  has  taken  only  part  of  the  exhaust  or  all  of  it.  Where  the 
turbine  delivers  the  current  to  a  dift'erent  system  from  the  engine,  a 
governor  is  just  as  much  a  part  of  the  machine  as  in  a  turbine  aclinc' 
alone.    Tn  all  cases,  an  emergency  stop  is  necessary. 


TEMPERATURE  DETERMINATION  AND  CONTROL 
FOR   HIGH-SPEED  STEEL  TREATMENT. 

By  O.  M.  Becker. 

In  a  series  of  two  articles,  of  which  this  is  the  first,  Mr.  Becker  reviews  the  methods 
and  instruments  in  practical  use  for  measuring  and  recording  temperatures  in  industrial 
processes,  especially  in  -.onnection  with  the  heat  treatment  of  steel.  In  the  following  pages 
he  emphasizes  the  importance  of  accurate  temperature  determination  and  duplication  in  the 
manufacture  of  high-speed  steel  tools,  and  discusses  the  principles  and  uses  of  pyrometric 
devices  designed  for  direct  exposure  to  the  heat  to  be  gauged.  The  concluding  section,  to 
follow  next  month,  will  deal  with  pyrometers  of  the  optical  and  radiation  types,  the  choice 
and  installation  of  temperature  measuring  devices,  and  the  importance  ot  recording  apparatus 
in  connection  with  their  use. — The  Editors. 

GUESSWORK  is  not  consistent  with  modern  industrial  meth- 
ods. Guessing  and  rough  approximation  are  uncertain,  and 
therefore  wasteful.  It  has  of  course  always  been  true,  but 
only  in  recent  years  has  it  come  to  be  well  understood,  that  the 
physical  and  chemical  changes  involved  in  so  many  productive  in- 
dustries take  place  under  definite  and  constant  conditions.  Variation 
in  conditions,  whether  it  be  in  burning  coal  under  a  boiler,  conducting 
an  electric  current,  heating  a  baking  kiln,  treating  a  tool,  or  what  not, 
mvolves  variation  in  the  nature  or  efficiency  of  the  product ;  and  in 
consequence  also  it  involves  waste.  The  conditions  of  maximum 
effect  once  definitely  determined,  it  is  of  the  first  importance  in  nearly 
all  industrial  operations  that  they  be  reduplicated,  within  the  estab- 
lished limits,  with  certainty  and  economy.  The  manufacture  of  high- 
speed steel  tools  forms  no  exception ;  on  the  contrary,  the  accurate 
gauging  and  reduplication  of  temperatures,  especially  high  tempera- 
tures, is  an  absolute  essential  to  anything  approaching  the  maximum 
efficiency  in  tools. 

Formerly  a  prime  qualification  of  a  successful  toolsmith  was  the 
possession  of  a  well-trained  eye,  the  ability  to  discriminate  sharply 
the  colors  through  the  wide  range  seen  in  the  heating  of  a  piece  of 
steel — this  that  he  might  gauge  with  more  or  less  accuracy  the  heat 
to  be  applied  to  the  tools  of  various  steels  and  for  different 
uses  when  hardening  or  tempering.  Not  that  the  color  scale  had 
for  him  (usually,  at  any  rate)  any  definite  relation  to  specific  tem- 
peratures; but  rather  because  it  was  known  to  be  more  or  less  defi- 
nitely related  to  the  hardness  and  lasting  quality  of  steel  tools,  the 
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Characteristic  Colors 
(ill  full  dayliglit) 


DEGREES 


Pale  Yellow 

Straw 

Dark  Straw 

Brown  Yellow 

Light  Purple 

Purple-blue 

Full  Blue 

Polish  Blue 

Dark  Blue 

Bright  Red 
in  the  Dark 

Red  in  Twilight 
Nascent  Red 

Red ^ 


Dark  Red 


Nascent  Cherry 


Cherry 
Bright  Cherry 

Dull  Orange 

Light  Orange 

Lemon 

Light  Straw 

White 
Brilliant  White 

Dazzling  White  — 


Characteristic 
Phenomena 


Softening  Begins 

Range  of  Ayq 
(Softening  Critical 
Points)  in  Carbon 
Steel 

Softening  Completed 


^Softening  Begins 


Range  of  Arg 
►  {  in  High  Speed 


[Steel 


Softening  Completed 
>,rRange  of  Ar],Ar.2, 
'■<and  Ar,  in  Carbon 

ISteel    ^ 

Y  [Range  of  Ar|,Ar2, 
.    <  and  Arg  inHigh- 
[  speed  Steel 
(heating) 


,  Hardening  Range 
High-speed  Steel 
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HEATING     PHENOMENA,     FAHRENHEIT     AND     CENTIGRADE 

SCALES. 

The   cooling  critical    points    (Ac^,   Ac„,   Ac.,),    are    from    25   to   7') 
degrees  below  the  softening  critical  points  Ar^,  Ar^,  Arj. 


relation  depcnd- 
\ui^  a  c,^ood  deal 
upon  the  particu- 
lar steel  used,  and 
perhaps  also  upon 
other  conditions. 
No  matter  how 
skilful  a  tool- 
smith  might  be, 
however,  Jiis 
tools,  carefully 
made  as  nearly 
uniform  as  might 
be,  still  turned 
out  varying  more 
or  less  in  quality. 
As  we  now  know, 
this  of  course  i^ 
just  what  might 
be  expected  un- 
der the  circum- 
stances. Until 
lately  nothing  was 
known  of  the  crit- 
ical or  recales- 
cence  and  decal- 
escence  points  in 
steel,  the  precise 
location  of  which 
in  the  tempera- 
ture scale  must 
be  known  before 
the  proper  heat 
for  any  particular 
steel  can  be  de- 
termined. Even 
if  they  had  been 
known,  their  pre- 
cise location  by 
reference  to  the 
colors  as  perceiv- 
ed in  a   piece  of 
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Co!\rpARATTVE   Tai'Le   OF   Three   Well-Known    Color   Scales. 

PoiaLi.ET.* 

Cent.  Fahr. 

Lowest  red    5^5  977 

Dark  red    Too  1292 

Lowest  cherry    ^00  1472 

Cherry    ' 900  1652 

Bright   cherrv    1000  1832 

Dark  orange" iioo  2012 

Bright   orange    1200  2192 

White    1300  2372 

Bright    white  t MOO  2552 

DazzHng  white    i500  to  1600        2732  to  2912 

Taylor  &  White. 

Low,  dark,  or  blood  red 566  1050 

Dark  cherry    635  1 175 

Cherrv,   full  red 746  1375 

Light   red    ^43  1550 

Orange    899  1650 

Light   orange    94i  1725 

Yellow    996  1825 

Light  yellow    io79  1975 

White    1205  2200 

Howe. 

Lowest  red  visible  in  dark 470  878 

Lowest  red  visible  in  light 475  887 

Dull  red   550   to   625  1022  to  1157 

Full  cherry    700  1292 

Light   red    850  1562 

Full  yellow    950  to  1000  1742  to  1832 

Light  yellow   1050  1922 

White    1150  2108 

steel  by  the  unaided  eye  would  have  been  practically  impossible. 
This  is  due  not  only  to  the  difficulty  of  discriminating  between  the  col- 
ors of  a  radiant  body  when  those  colors  do  not  vary  greatly,  but  even 
more  to  the  personal  equation  of  the  observer  and  the  variation  in  the 
conditions  under  which  the  observations  are  made. 

Xot  only  do  persons  differ  as  to  just  what  is,  say  bright  red  or 
light  yellow,  or  any  other  color  for  the  matter  of  that ;  but  in  the 
same  person  the  judgment  will  vary  with  his  freedom  from  fatigue, 
his  physical  condition,  and  even  his  moods.  Furthermore,  the  light 
in  which  colors  are  seen  modifies  them  to  a  considerable  extent,  so 
that  seen  in  one  part  of  a  shop  a  piece  of  steel  of  a  given  tempera- 


*  Pouillet  over  seventy-five  years  ago  rlevised  his  color  scale,  which  even  to  this  day  is 
quoted  as  authoritative,  though  his  instruments  for  gaviging  temperatures  were  by  no  means 
comparable  with  those  in  use  today  and  his  results,  or  his  nomenclature  at  ?ny  rate,  are  not 
very  well  in  accord  with  more  recent  scales,  as  may  be  seen  in  the  table  above. 

t  It  is  impossible,  in  tool-making  practico,  to  discriminate  with  any  accurary  the  hnrs 
t'enerally  called  white. 
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BROWN     PLATINUM     PYROMETER     FOR     INTERMIT- 
TENT   SERVICE. 

Edward  Brown  &  Son,  Phila. 


ture  might  appear  to 
have  one  color,  while 
in  another  part  of  the 
same  shop  it  might  ap- 
p  e  a  r  several  shades 
different.  Even  in  the 
same  spot  in  a  shop  the 
light  is  bound  to  vary  a 
good  deal  according  to 
the  cleanness  of  t  h  e 
window  and  the  condi- 
tion of  the  weather 
outside.  Of  course  when  artificial  light  is  necessarily  used  part  of 
the  time,  the  difficulty  is  still  further  increased.  The  difficulties 
arising  from  the  person- 
al equation,  even  in  the 
case  of  skilled  observ- 
ers, are  well  seen  in  the 
comparison  of  three 
well-known  color  scales, 
shown  on  the  opposite 
page. 

Very  evidently  de- 
pendence upon  the  eye 
for  the  determination  of 
temperatures  and  their 
accurate  reproduction 
leads  to  very  uncertain, 
and  in  the  case  of  high- 
speed steels  rather  un- 
satisfactory, results.  It 
is  quite  as  evident  that 
in  the  treatment  of  a 
commercial  product  as 
expensive  as  a  compli- 
cated tool,  particularly 
when  made  of  a  ma- 
terial like  high-speed 
steel,  which  requires  for 

maximum    effects    even  le  chatelier  fire  end  inserted  in  oven 

,,  ^  ,  furnace. 

more    care    than    the 

The  indicator  is  connected  to  the  lead  wires  at  any 
cheaper     carbon-steel  convenient  distance.    Chas.  Engelhard,  N.  Y. 
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COMPOUND  THERMO-ELECTRIC 
COUHlE  ■ 


INEXPENSIVE  SUBSTITUTE 

FOR  PLATINUM-RHODIUM 

COUPLE 


LEADS  TO  INOICATINO 
INSTRUMENT 

BRISTOL    COMPOUND    THERMO-ELECTRIC    COUPLE    FOR 
HIGH    RANGES    OF    TEMPERATURE. 


tools,  adequate  means  for  temperature  giiaging  and  reduplication  are 
of  prime  importance. 

A  good  many  instruments  and  devices  have  been  brought  for- 
v^ard  for  gauging  temperatures,  especially  temperatures  above  those 
for  whose  measurement  the  spirit  or  mercuric  thermometer  is  avail- 
able. Those  at  present  in  use  which  are  of  value  in  connection  with 
industrial  processes  are  included  in  the  conspectus  here  presented. 

Not  all  the  instru- 
ments classified  in  the 
table  are  suitable  for  use 
in  connection  with  the 
treatment  of  steels,  and 
others  can  be  used  to  a 
limited  extent  only. 
T  h  u  s  the  mercurial 
thermometer,  when  of 
suitable  form,  can  be 
used  for  gauging  the 
temperature  of  the  oil  tempering  bath.  When  so  used  it  needs  to  be 
made  of  specially  heavy  glass,  well  annealed,  and  preferably  the  tube 
above  the  mercury  filled  with  an  inert  gas  under  great  pressure. 

"Sentinel"  pyrometers  or  temperature  cones  strictly  speaking  are 
not  pyrometric,  for  there  is  no  scale,  and  each  cone  can  be  used  but 
once.  They  are  made  of  metallic  alloys  or  mixtures  or  earths  and 
the  like,  so  proportioned  that  when  a  given  cone  reaches  a  prede- 
termined temperature  it  fuses  or  melts  down.  They  are  useful  there- 
fore in  indicating  when  desired  temperatures  are  reached,  and  by 
using  pairs  selected  for  the  purpose,  they  can  be  made  to  indicate 
the  maximum  and  minimum  temperatures  within  which  a  process 
or  treatment  must  be  carried  on.  Thus  if  a  tool  is  to  be  heated  to 
somewhere  between,  say,  1,025  ^^^  1^050  degrees  C,  two  cones, 
one  of  which  fuses  at  the  lower  temperature  and  the  other  at  the 
higher,  are  placed  in  the  furnace  while  the  heat  is  going  up.  When 
the  first  cone  melts  down,  the  tool  is  introduced.  By  watching  the 
second  cone  and  regulating  the  furnace  when  there  are  signs  of  the 
cone  melting,  the  temperature  can  be  maintained  below  the  permitted 
maximum.  It  is  well  to  introduce  cones  of  the  first  kind  from  time 
to  time  so  as  to  insure  keeping  the  temperature  above  the  minimum. 
This  method  of  course  is  rather  tedious,  and  is  not  permissible  as  a 
regular  thing  in  commercial  work.  The  "sentinels"  are  very  useful 
as  a  check  upon  the  regular  pyrometer,  and  also  upon  the  judgment 
of  the  operator  when  tools  are  hardened  without  such  an  instrument. 
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Some  sixty  different  grades,  giving  a  range  from  about  590  to  1,975 
degrees  C,  or  1,095  ^o  3,520  degrees  ¥.,  are  commercially  obtainable. 

The  most  usual  method  of  gauging  temperatures  of  materials 
undergoing  industrial  processes  is  to  insert  in  the  furnace,  fire 
chamber,  or  other  containing  receptacle,  the  so-called  ''fire  end"  of 
any  one  of  several  types  of  pyrometers,  the  temperature  (in  the  case 
of  the  electrical  instruments)  being  indicated  or  recorded  at  a 
greater  or  less  distance  away,  as  may  be  expedient.  In  expansion 
instruments  the  indicators  of  course  are  attached  directly  to  the  stem, 
as  in  the  v^ater-current  and  the  Brown  platinum  pyrometers.  These 
mstruments  are  based  on  the  same  principle,  the  former  having  its 
non-platinum  parts  cooled  by  a  current  of  water  so  as  to  adapt  it  for 
continuous  use.  The  latter  is  quite  durable  but  is  not  adapted  for 
continuous  use,  the  stem  or  fire  end  being  exposed  to  the  furnace 
heat  only  long  enough  to  allow  the  indicator  to  register  the  maximum, 
the  instrument  being  withdrawn  before  the  iron  frame  can  be  in- 
jured or  the  platinum  impaired. 

Le  Chatelier  seems  to  have  been  the  first  to  perfect  an  electrical 
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HOSKINS     PYROMETER    WJTH     EXPOSED 
COUPLE. 

Hoskins  Mfg.  Co.,  Detroit. 


heat  gauge  applicable  to  in- 
rltistrial  processes  involving 
very  high  temperatures,  in 
his  thermo-couple  electric 
pyrometer;  and  instruments 
of  this  type  are  most  fre- 
quently used  in  connection 
with  the  treatment  of  high- 
speed steels.  vSeveral  differ- 
ent makes  are  on  the  market, 
varying  in  excellence,  relia- 
bility, and  endurance.  All, 
however,  are  based  on  the 
principle  that  when  one 
junction  of  a  thermo-couple, 
that  is,  of  a  continuous  cir- 
cuit composed  of  two  differ- 
ent kinds  of  conductor,  is 
heated  while  the  other  re- 
mains at  a  constant  normal  temperature,  a  feeble  electric  current  is  set 
up  which  varies  (more  or  less  regularly  according  to  the  materials 
constituting  the  thermo-couple)  with  the  temperature  to  which  the 
"hot"  junction  is  exposed.  The  current  of  course  can  be  measured  by 
means  of  a  delicate  galvanometer,  and  the  relations  between  the 
strength  of  current  and  the  temperature  of  the  junction  having  been 
determined,  the  deflections  of  the  galvanometer  needle  may  be  con- 
verted into  temperature  indications.  Owing  to  the  "extra  currents"  and 
other  disturbing  elements  found  in  pairs  of  most  materials  otherwise 
stiitable  for  the  purpose,  and  likewise  because  of  the  necessity  of 
using  elements  capable  of  withstanding  extremely  high  temperatures, 
the  thermo-couple  material  must  be  selected  and  manufactured  with 
extreme  care.  Most  often,  for  the  determination  of  such  high  temper- 
atures as  are  involved  in  high-speed  steel  treatment,  the  couple  is  con- 
stituted of  platinum  and  a  platinum-rhodium  alloy,  though  nickel- 
chrome  steel  and  other  nickel  alloys  also  are  used. 

The  heat  resistance  of  these  elements  is  very  high,  making  it 
possible  to  expose  the  instrument,  when  made  in  the  best  form,  to 
temperatures  up  to  i,6oo  degrees  C  (2,920  F.)  and  even  above,  for 
short  periods  of  time.  This  is  considerably  above  any  temperature 
required  in  the  making  of  tools,  1,400  C.  (2,550  F.)  or  thereabout 
being  the  highest  usually  required.  At  these  temperatures  hovv-ever 
the  fire  ends  deteriorate  with  greater  or  less  rapidity,  and  are  easily 
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broken  afterward.  In  order  to  prolong  their  period  of  accuracy  and 
permanency  they  are  usually  protected  by  being  enclosed  within 
porcelain,  tire  clay,  or  other  heat-resisting  material  (a  combination 
of  asbestos  and  carborundum,  in  the  case  of  the  Bristol  instrument)  ; 
but  these  frequently  crack  and  crumble,  and  it  is  necessary  to  check 
the  instruments  at  intervals  against  standards  of  known  permanency, 
to  insure  consistency  in  the  readings,  if  not  accuracy.  It  is  shown 
hereafter  that  absolute  accuracy — that  is,  the  indicating  of  the  abso- 
lute temperature — is  less  essential  than  consistency;  and  so,  if  an 
instrument  has  departed  from  its  calibration,  if  the  variation  be 
within  reasonable  limits,  allowance  can  be  made  for  this  if  the  extent 
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SUGGESTION  FOR  USE  OF  PYROMETER  WITH   BARIUM-CHLORIDE  HARDENING  BATH. 

Hoskins  Mfg.   Co.,  Detroit,   Mich. 

IS  known.  When  the  departure  has  reached  an  amount  where  the 
indications  no  longer  are  reliable,  of  course  the  instrument  must  be  no 
longer  used.  A  recent  improvement  in  pyrometers  of  this  type  con- 
sists in  making  the  fire  end  compound,  only  that  portion  actually 
exposed  to  the  high  temperature  being  of  the  precious  metals.  This 
reduces  the  expense  of  renewals  considerably,  while  the  readings  are 
sufficiently  accurate  for  the  present  purpose.  Another  development 
is  the  Hoskins  thermo-couple,  which  is  made  of  comparatively  inex- 
pensive alloys  that  withstand  the  required  high  heats  apparently  in- 
definitely, while  at  the  same  time  they  are  made  of  wire  heavy  enough 
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HOSKINS    STANDARD    FIKE    END,    STANDARD    THERMO-COUPLE    WITH     HANDLE    AND 

LEADS,    AND    NEW    NICKEL    SHEATH    THERMO-COUPLE    COMPLETE. 

7'he  fire  end  is  made  of  heavy  alloy  wires  twisted  and  welded.    Hoskins  Mfg.   Co.,   Detroit. 

to  require  no  protection  and  to  allow  of  considerable  rough  usage 
without  detriment.  The  fire  end  junction,  being  exposed  directly  to 
the  temperature  to  be  measured  without  the  intervention  of  pro- 
tecting tubes  or  covers,  responds  quickly,  and  there  is  little  or  no  lag  in 
the  indication.  A  modified  form  of  this  instrument  has  one  element 
in  the  form  of  an  asbestos-wound  wire  enclosed  within,  and  having  a 
junction  with,  a  nickel  tube  which  forms  the  other  element. 


THERMO-COUPLE    PYROMETER    ENCLOSED    IN     STEEL    TUBE,    AND    INDICATINC 

INSTRUMENT. 
Edward  Brown  &  Son,   Phila. 
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ELECTRIC    PYROMETER    FIRE  ENDS    ZONNECTED    WITH    A   BATTERY    OF    FURNACES. 
A  switchboard  and   indicator   are    placed   at   a   convenient  central   point.     Edward  Brown   & 

Son,   Phila. 

It  is  well  enough,  and  in  the  case  of  most  of  these  instruments 
necessary,  to  provide  an  iron-pipe  covering,  perhaps  of  ordinary- 
gas  pipe,  closed  at  the  inner  end  so  as  to  form  a  well,  not  only  for 
the  protection  of  the  fire  end,  but  to  prevent  unnecessary  and  often 
detrimental  air  currents.  Inasmuch  also  as  the  correct  registering  of 
the  temperature  under  observation  depends  upon  the  "cold"  end  of  the 
couple  being  near  the  temperature  for  which  the  instrument  is  cali- 
brated (usually  about  25  degrees  C.  or  75  F.),  this  end  should  be  out 
of  the  range  of  direct  radiation  of  the  furnace,  or  other  sources  of 
temperature  variation.  The  Bristol  instrument  has  an  arrangement 
whereby  the  cold  end  is  kept  near  the  floor ;  in  case  still  greater  accu- 
racy is  required,  a  compensator  is  placed  in  the  circuit  to  preserve  the 
calibration  practically  correct.  Unless  the  atmospheric  temperature 
varies  considerably  from  that  above  given  (25  C.)  allowance  can  be 
made  for  it  in  reading  the  indicator.  This  allowance  is  governed  by 
the  design  of  the  instrument,  and  is  usually  furnished  by  the  maker. 
At  least  one  indicator  on  the  market  utilizes  a  multiple  scale  whereby 
the  allowance  is  made  automatically  by  reading  the  scale  nearest  cor- 
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responding  to  the  atmospheric  temperature,  as  shown  l^y  a  mercurial 
thermometer  provided  for  the  purpose.  Theoretically  the  temperature 
of  the  cold  end  should  be  at  zero;  and  in  laboratory  work,  and  in  cer- 
tain industrial  operations  where  much  refinement  is  necessary,  an 
**ice  bobbin"  is  utilized  for  maintaining  this  condition.  In  ordinary 
mdustrial  processes,  such  as  steel  hardening,  where  the  length  of  the 
elements  is  sufficient  to  allow  the  cold  junction  to  be  moderately  near 
the  limits  indicated,  slight  variations  may  be  disregarded. 

The  resistance  type  of  electrical  pyrometer  is 
also  used  to  some  extent  in  hardening  high-speed 
steels;  and  for  all  temperatures  below  850  C.  (1,600 
F.)  this  is  perhaps  the  most  accurate  type,  suitable 
especially  where  a  very  open  scale  is  desired.  It  de- 
pends for  its  action  upon  the  variation  in  the  electri- 
cal conductivity  of  a  platinum  wire  or  foil,  accord- 
ing to  the  temperature  to  which  it  is  exposed.  This 
variation  is  practically  constant  and  when  measured 
by  an  indicator  constructed  on  the  principle  of  the 
Wheatstone  bridge,  can  be  easily  reduced  to  temper- 
ature units — or  most  usually,  read  off  directly  on  a 
temperature  scale  to  which  the  indicator  has  been 
calibrated.  The  indicators  and  recorders  are  cumber- 
some and  much  more  expensive  than  those  for  ther- 
mo-couple pyrometers  of  the  same  range.  The  latter 
are  better  adapted  to  measuring  hardening  tempera- 
tures because  the  resistance  instruments  will  not 
CONSTRUCTION  OF  ^^^^^^  ^^"^  cxposurcs  to  the  intense  heats  required, 
ELECTRICAL  thcir  maximum  for  even  short  periods  being  only 

pyrom™^  I'200  C,  or  2,200  F.  For  the  matter  of  that,  it  is 
Tayioi  Instrument  Co.  dcsirablc  that  neither  kind  be  exposed  unnecessarily  ; 
and  especially  when  enclosed  in  porcelain  or  similar  protective  cylin- 
ders they  must  be  heated  up  gradually.  The  fire  ends  crumble  and 
deteriorate  quite  rapidly  enough  with  careful  usage.  Besides  being 
unsuited  for  continued  use  at  temperatures  above  850  C.  (1,600  F.), 
the  cost  of  the  resistance  fire  ends,  as  well  as  the  indicators  or  re- 
corders, is  very  much  higher  than  that  of  the  thermo-couple  type. 

Two  other  pyrometers  have  been  used  in  connection  with  hard- 
ening high-speed  tools,  with  good  results — the  water-current  and  the 
Uehling  pneumatic.  Both  have  all  parts  exposed  to  the  fire,  except 
those  made  of  platinum,  cooled  by  circulating  water.  Their  accu- 
racy and  permanency  therefore  are  much  greater  than  those  of  most 
other  forms  of  fire  and  temperature  gauges. 


ECONOMIES  IN  THE  MANUFACTURE   OF  IRON 

AND  STEEL. 

By  G.  B.  Waterhouse. 
I.     THE   GAYLEY    DRY    BLAST   PROCESS. 

The  American  steel  industry  is  a  center  of  great  interest  at  present  because  of  changing 
conditions,  and  of  the  adjustment  of  costs,  and  hence  adaptation  of  n.ethods,  to  a  possible 
new  range  of  prices.  Several  large  factors  and  some  minor  ones  are  entering  the  manufac- 
turing problem  with  rapidly  increasing  effect  and  probably  large  ultimate  economic  impor- 
tance. The  most  important  of  these  are  the  utilization  of  blast  furnace  gas,  the  Gayley  dry- 
blast  process,  the  manufacture  of  slag  cement,  and  the  use  of  processes  for  concentration  of 
iron  ores.  The  first  of  these  has  already  received  a  good  deal  of  attention  in  our  pages. 
Dr.  Waterhouse,  whose  connection  with  the  industry  gives  him  unquestioned  rank  as  an 
authority,  will  follow  this  article  with  a  second  upon  the  manufacture  of  slag-cement,  and 
the  fourth  heading  will  be  taken  up  by  another  leading  specialist. — The  Editors. 

IT  is  the  purpose  of  the  following  articles  to  describe  and  discuss 
two  of  the  most  important  lines  along  which  economies  are  be- 
ing effected  in  the  iron  and  steel  industry.  These  are  the 
Gayley  dry-blast  process,  and  the  utilization  of  blast-furnace  slag. 
It  is  becoming  more  and  more  apparent  that  the  industries  must 
carefully  consider  their  methods,  and  their  by-products.  The  time 
of  somewhat  recklessly  using  raw  materials  is  rapidly  passing,  and 
the  methods  that  prove  most  economical  in  practice  are  coming  more 
than  ever  to  the  front.  Much  attention  is  also  being  paid  to  the  by- 
products of  the  different  industries,  and  along  this  line  there  is  no 
doubt  the  next  few  decades  will  see  wonderful  advances. 

The  first  subject  to  be  taken  up  is  that  of  the  application  of  com- 
paratively dry  blast  to  the  manufacture  of  iron.  It  is  usually  spoken 
of  as  ''the  Gayley  dry-blast  process/'  and  its  chief  development  has 
been  in  connection  with  the  blast  furnace. 

History  of  the  Process. 

The  first  public  notice  of  the  process  was  given  in  a  paper  read 
by  Mr.  Gayley  before  a  meeting  of  the  Iron  and  Steel  Institute,  held 
in  New  York,  October,  1904 ;  it  was  entitled  "The  Application  of  Dry 
Air  Blast  to  the  Manufacture  of  Iron."  Mr.  Gayley  was  at  that  time 
first  vice-president  of  the  United  States  Steel  Corporation,  and  also 
president  of  the  American  Society  of  Mining  Engineers,  so  that  the 
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matter  was  at  once  brought  prominently  t(j  the  notice  of  the  technical 
men  both  of  Great  Britain  and  America. 

This  is  hardly  stating  the  case,  for  as  the  iron  and  Steel  institute 
is  international  in  its  membership,  practically  the  whole  technical 
world  became  acquainted  with  the  subject.  'J'he  paper  showed  that 
great  uniformity  had  been  reached  in  three  of  the  four  raw  materials 
used  in  iron  manufacture — namely,  the  ore,  the  coke  and  the  lime- 
stone; but  that  the  remaining  material — the  air — varied  greatly  in  its 
content  of  moisture,  not  only  from  day  to  day,  but  even  at  dilf-crcnt 
times  in  the  same  day.  This  renders  the  process  an  uncertain  one, 
and  dependent  on  the  caprice  of  the  atmosphere.  This  point  was 
emphasized  and  fully  brought  out,  and  then  an  account  was  given  of 
the  experiment  carried  out  at  the  Isabella  Furnaces,  at  Etna,  near 
Pittsburgh;  an  experiment  on  a  grand  scale  whereby  the  air  used  in 
the  blast  was  also  made  uniform.  By  means  of  refrigeration  the 
moisture  was  held  practically  constant,  and  at  a  very  low  limit. 

Dry  blast  was  applied  to  Furnace  No.  i  of  the  Isabella  plant 
on  August  II,  1904,  and  was  found  to  cause  great  economies.  The  pro- 
duction of  iron  was  increased  about  24  per  cent  and  at  the  same  time 
the  coke  required  to  produce  one  ton  of  iron  was  reduced  about  the 
same  amount.  The  percentage  of  the  flue  dust  was  reduced  from  5 
per  cent  of  the  ore  charged,  to  less  than  i  per  cent,  and  owing  to 
the  greater  density  of  the  cold  dried  air,  the  blowing  engines  could 
supply  the  necessary  amount  of  oxygen  with  a  smaller  number  of 
revolutions  per  minute,  or  in  other  words,  considerably  less  power 
was  consumed  in  the  blowing-engine  room. 

The  paper  and  the  results  obtained  attracted  wide  attention.  It 
was  followed  at  the  May  meeting  of  the  Iron  and  Steel  Institute,  1905, 
by  a  further  paper  by  Mr.  Gayley,  giving  the  results  obtained  at  the 
Isabella  Furnace  from  November,  1904.  to  March,  IQ05,  inclusive. 
They  showed  that  the  good  effects  were  continued  and  will  be  more 
fully  spoken  of  later.  The  benefits  of  the  process  were  now  thor- 
oughly established,  and  blast-furnace  men  began  to  take  up  the  mat- 
ter in  earnest. 

In  March,  1906,  it  was  announced  that  the  Warwick  Iron  &  Steel 
Co.,  of  Pottstown,  Pa.,  were  about  to  install  a  system  ca])ablc  of  sup- 
plying dry  blast  for  their  two  furnaces  making  merchant  iron.  It 
was  felt  that  this  would  be  an  ideal  place  in  which  to  try  the  process, 
as  the  plant  was  located  in  the  Schuylkill  valley,  where  the  moisture  in 
the  summer  was  frequently  as  high  as  12  grains  to  the  cubic  foot. 
An  excellent  paper,  describing  the  installation  and  giving  the  results 
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obtained,  was  read  by  Mr.  E.  B.  Cook  before  the  American  Institute 
of  Mining  Engineers,  at  their  October  meeting,  1908. 

In  March,  1906,  a  paper  was  read  by  Mr.  C.  A.  Meissner  before 
the  same  institute,  bringing  the  resuhs  obtained  at  the  Isabella  fur- 
naces down  to  date,  and  discussing  most  of  the  points  brought  out 
by  other  writers  and  critics. 

In  August  of  the  same  year  an  order  was  made  public  from 
Messrs.  Guest,  Keen  and  Nettlefolds,  for  the  Dowlais  Iron  Works, 
at  Cardiff,  South  Wales,  this  being  the  first  company  in  Europe  to 
take  up  the  process.  A  little  later  in  the  year,  in  October,  a  license 
was  issued  to  the  Brier  Hill  Iron  &  Coal  Co.,  Youngstown,  Ohio, 
which  was  the  first  company  to  obtain  a  license  west  of  Pittsburgh. 
Since  that  time  licenses  have  been  issued  to  many  other  companies, 
including  the  South  Chicago  plant  of  the  Illinois  Steel  Co.,  the 
Toledo  Furnace  Co.,  Toledo,  Ohio,  the  Federal  Furnace  Co.,  of 
Chicago,  the  Northwestern  Iron  Co.,  of  Mayville,  Wis.,  the  Youngs- 
town Sheet  &  Tube  Co.,  of  Youngstown,  the  Cleveland  Cliffs  Iron 
Co.,  of  Marquette,  Mich.,  and  one  plant  in  Canada,  the  Hamilton 
Iron  &  Steel  Co.,  of  Hamilton,  Ont. 

At  the  first  mentioned  plant,  the  dry  blast  has  also  been  tried  in 
the  Bessemer  Department  and  an  expenditure  has  been  authorized 
to  make  it  a  permanent  installation. 

The  Process. 

The  process  in  general  consists  of  desiccating  air,  and  applying 
this  dried  air  to  the  blast-furnace  operations.  The  method  of  desic- 
cation chosen  by  Mr.  Gayley  is  that  of  cooling  the  air  below  the  freez- 
ing point  of  water,  and  thus  freezing  out  the  greater  part  of  the  mois- 
ture, the  cold  dry  air  then  going  to  the  blowing  tubs  of  the  blowing 
engines.  Ammonia  was  chosen  as  the  refrigerating  agent,  but  ad- 
vantage is  not  directly  taken  of  the  expansion  of  ammonia,  because 
of  the  great  danger  to  anyone  in  an  air-refrigerating  chamber  if  a 
pipe  should  break  or  a  joint  leak.  The  ammonia  therefore  first 
cools  a  brine  solution,  consisting,  in  the  case  of  one  plant,  of  sea 
water,  but  in  other  cases  of  a  calcium-chloride  solution  with  a  specific 
gravity  of  1.21.  The  cold  brine  then  passes  through,  pipes  placed  in 
refrigerating  chambers.  The  air  for  the  blast  passes  through  these 
chambers.  On  the  lower  pipes  the  moisture  is  deposited  as  water, 
and  on  the  upper  ones  as  frost,  and  the  air  passes  to  the  blowing 
engines  at  practically  the  freezing  point  of  water,  and  with  a  uniform 
amount  of  moisture. 
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It  has  been  noticed  by  blast-furnace  men  for  very  many  years 
that  their  furnaces  worked  better  in  crisp  dry  weather,  and  tha*^^  a 
better  tonnage  was  obtained  in  the  winter  months  when  the  moisure 
Was  lower,  than  in  the  summer  months  when  the  humidity  was  high. 
In  some  places,  as  at  the  Warwick  plant,  Pottstown,  Pa.,  a  careful 
record  was  kept  of  the  humidity  and  attempts  were  made  to  meet 
the  changes  by  altering  the  burden  of  the  furnace.  In  Table  I  are 
shown  the  figures  obtained  throughout  the  year  on  Furnaces  2  and  4 
of  Schneider  &  Co.'s  plant  at  Creusot,  by  M.  Divary.  They  illus- 
trate very  clearly  the  changes  that  take  place  between  the  winter 
and  summer  months. 

Table  I.    Results  at  Creusot. 

Moisture.  Increase  in  Fuel    Average  Fur- 
Month.  Grammes  per  Consumption.  nace  Product. 

cubic  metre.  Kilos  per  ton.    Tons  per  24  hrs. 

January    6.3  0  90.5 

February    6.6  10  88.7 

March    * 7.6  13  87.2 

April    7.8  47  81.2 

May lo.o  56  78.3 

June  11.7  103  75.7 

July  13.0  133  70.0 

August   12.0  _     90  76.6 

September  9.3  '           55  90.0 

October    8.0  28  86.0 

November    ^.6  25  86.5 

December   7.0  35  88.5 

In  the  United  States  the  changes  in  moisture  percentage  are  even 
more  marked,  especially  in  the  localities  where  most  of  the  blast 
furnaces  are  situated.  In  Pittsburgh,  where  Mr.  Gayley  carried  out 
his  experiments,  a  careful  record  made  for  a  year,  at  the  ordinary 
ground  level,  showed  a  variation  from  2.8  grains  per  cubic  foot  in 
January,  which  was  the  lowest,  to  y.;^  grains  per  cubic  foot  in  June, 
which  was  the  highest.  These  amounts  are  not  regular  in  each 
month,  but  as  has  been  stated,  vary  greatly  from  day  to  day,  and  also 
during  the  same  day. 

It  was  to  do  away  with  this  irregularity  that  Mr.  Gayley  conceived 
and  carried  out  this  process,  one  that  has  had  results  far  exceeding 
those  that  were  originally  estimated.  By  it  as  has  been  stated  air  is 
furnished  to  the  blowing  engines,  and  from  them  to  the  furnace,  very 
low  in  moisture,  practically  constant  from  day  to  day,  and  varying 
very  little  from  month  to  month. 

Great  advantage  necessarily  comes  from  the  avoidance  of  blowing 
in  from  140  to  365  gallons  of  water  per  hour  into  the  furnace  with 
the  blast,  but  the  greatest  gain  of  all  comes  from  this  uniformity. 
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Description  of  the  Plant. 

A  typical  refrigerating  plant  is  that  erected  at  the  South  Chicago 
plant  of  the  Illinois  Steel  Co.  to  supply  130,000  cubic  feet  of  air  per 
minute.  It  is  located  in  special  buildings  erected  for  the  purpose, 
consisting  of  a  main  building  and  a  lean-to. 

On  the  first  floor  of  the  main  building,  which  is  102  feet  long  by 
53  feet  wide,  and  40  feet  high,  there  are  four  refrigerating  machines 
of  300-tons  refrigerating  capacity  each.  The  installation  was  erected 
by  the  Vilter  Manufacturing  Co.,  of  Milwaukee,  Wis.,  with  the  ex- 
ception of  the  pumps,  which  were  from  the  Fred  M.  Prescott  Manu- 
facturing Co.,  also  of  Milwaukee.  The  refrigerating  machines  are  of 
the  duplex  horizontal  type,  each  one  being  a  cross-compound  con- 
densing engine.  Two  ammonia  compressors  are  placed  opposite  the 
high-  and  low-pressure  steam  cylinders.  The  steam  cylinders  are  24 
X  46  inches  with  a  36-inch  stroke,  and  the  ammonia  compressors  are 
18  inches  in  diameter  with  a  36-inch  stroke.  Readily  accessible  suc- 
tion and  discharge  valves  are  placed  in  each  cylinder  head  of  the 
compressors.  The  building  is  spanned  by  a  traveling  crane.  The  gas 
passes  through  oil  traps,  one  for  each  machine,  and  enters  the  con- 
densers on  the  second  floor.  These  are  grouped  in  25  stands,  twelve 
pipes  high,  and  are  of  the  double-pipe  variety,  2-inch  pipes  18  feet 
long,  having  a  i^-inch  pipe  passing  through  them  for  the  passage  of 
the  cooling  or  condensing  water.  Division  is  made  into  four  units, 
but  by  means  of  suitable  connections  and  valves  either  two  machines 
or  all  of  them  may  be  used  in  combination  with  a  part  or  all  of  the 
ammonia  condensing  system. 

The  liquified  gas  is  collected  in  four  receivers  located  near  the 
oil  traps,  and  is  carried  through  individual  pipes  to  the  cooling  appar- 
atus. Here  the  liquid  ammonia  is  evaporated  by  means  of  the  heat 
from  the  circulating  brine  solution  used  afterward  for  cooling  the 
air.  The  brine  consists  of  a  saturated  solution  of  calcium  chloride. 
The  boiling  point  of  the  ammonia  at  the  pressure  used  is  from  5  to  10 
degrees  F. 

The  cooling  apparatus  is  situated  in  a  lean  to  adjoining  the  engine 
room,  68  feet  4  inches  long,  58  feet  8  inches  wide  and  25  feet  high. 
It  is  well  insulated  with  a  double  lining  of  cork  board  2  inches  thick. 
The  coolers  are  also  of  the  double-pipe  variety  consisting  of  3-inch 
pipes  with  2-inch  pipes  passing  through  them.  The  estimated  cost 
of  the  complete  installation,  including  the  buildings,  the  refrigeratmg, 
cciuipment,  the  pumps,  the  brine  and  ammonia,  the  piping,  the  insu- 
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lating  material,  and  the  Liiginccrin^  and  niisccllane-fju^  items,  is 
$285,000. 

Another  typical  plant,  and  one  that  has  already  rendered  excellent 
service,  is  that  of  the  Warwick  Iron  &  Steel  Co.,  Pottstown,  Pa., 
capable  of  supplying  70,000  cubic  feet  of  air  ])er  minute,  sufficient 
for  their  furnaces  Nos.  i  and  2.  This  plant,  like  most  of  the  dry- 
blast  plants,  was  designed  and  installed  by  the  York  Manufacturing 
Co.,  of  York,  Pa.  It  is  exactly  similar  in  type  to  the  one  mentioned 
before.  Ammonia,  liquified  by  pressure,  expands  in  pipes  surround- 
ing smaller  pipes,  carrying  calcium  chloride  solution.  This  solution 
is  cooled  below  the  freezing  point  of  water,  and  is  conducted  through 
coils  of  pipes  in  refrigerating  chambers.  The  air  passes  through 
these  chambers  and  deposits  the  larger  part  of  its  moisture  before 
going  to  the  blowing  engines.  The  ammonia  is  compressed  in  five 
vertical  single  acting  compressors,  each  of  about  220  horse  power, 
and  175-tons  refrigerating  capacity.  Only  in  summer  is  the  entire 
capacity  needed — in  the  winter  nionths  one  compressor  to  each  fur- 
nace is  sufficient.  A  view  of  the  engine  room  is  shown  in  Figure 
I,  and  Figure  2  gives  a  view  of  the  condenser  room.  The  brine 
coolers  are  of  the  double-pipe  class,  the  ammonia  expanding  in  a 
3-inch  outer  pipe,  the  brine  solution  passing  in  the  opposite  direction 
through  a  2-inch  inner  pipe.  Through  these  coils  and  through  the 
coils  in  the  refrigerating  chamber  the  brine  solution  is  forced  by  one 
of  two  fly-wheel  pumps.  The  refrigerating  chamber  is  divided  into 
seven  sections  by  partition  walls  and  doors.  The  coils  of  one  section 
can  be  washed  clean  of  frost,  without  affecting  the  others  or  increas- 
ing the  moisture  in  the  treated  air.  The  brine  passes  through  these 
chambers  in  57  miles  of  i ^4-inch  diameter  wrought-iron  pipe.  A 
large  Sturtevant  fan  furnishes  the  air  for  the  refrigerating  chamber 
at  a  slight  pressure,  to  overcome  the  friction  of  the  coils. 

With  a  product  of  720  tons  of  iron  a  day,  and  running  all  the 
ammonia  compressors,  the  labor  cost  for  the  plant  is  2;^  cents  a  ton. 
Estimating  that  ^3  of  the  ammonia  is  lost  per  year,  which  is  very 
excessive,  this  amounts  to  i  cent  a  ton,  giving  a  total  of  7  cents  a 
ton.  It  was  estimated  that  10  cents  a  ton  would  be  required  for 
operation  and  maintenance.  Five  per  cent  is  found  to  be  sufficient 
for  depreciation.  No  charge  is  made  for  steam,  as  the  reduction  in 
the  revolutions  of  the  blowing  engines  spares  enough  power  to  run 
the  refrigerating  machinery,  brine  pump,  and  fan.  A  very  similar 
plant  is  now  being  erected  at  the  Toledo  Furnace  Co.  plant,  Toledo. 
Ohio,  to  furnish  70,000  cubic  feet  of  air  per  minute,  at  an  estimated 
cost  of  $250,000.00. 
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Results  Obtained. 

The  remarkable  results  obtained  at  the  Isabella  furnaces,  from 
August  to  September,  1904,  have  already  been  mentioned.  In  the 
early  part  of  August,  using  natural  air,  the  average  daily  product 
was  358  tons  with  a  coke  :onsumption  of  2,147  pounds  per  ton.  The 
latter  part  of  August  and  the  beginning  of  September,  using  dry 
blast,  the  average  daily  tonnage  was  447  tons,  with  a  coke  consump- 
tion of  1,726  pounds  per  ton.  Considerable  exception  was  taken  to 
these  figures  abroad,  the  chief  criticism  being  that  the  furnace  was 
working  badly  before  the  dry  blast  was  applied. 

Mr.  Gayley's  next  paper  gave  the  results  obtained  on  the  same 
furnaces  from  November,  1904,  to  March,  1905 — that  is,  through  the 
winter  months,  when  the  least  benefit  was  to  be  expected.  In  Novem- 
ber the  average  moisture  was  lowered  from  1.99  to  1.02  grains  per 
cubic  foot.  No.  I  furnace,  on  dry  air,  gave  a  daily  product  of  447 
tons  with  a  coke  consumption  of  1,816  pounds  per  ton.  No.  3  fur- 
nace, with  the  same  ores,  fuel,  and  flux,  using  ordinary  air,  and  with 
blast  at  100  degrees  F.  lower  temperature,  gave  only  386  tons  a  day, 
with  a  coke  consumption  of  2,279  pounds  per  ton.  In  December, 
No.  I  furnace,  still  on  dry  air,  gave  455  tons  per  day,  using  1,823 
pounds  coke  per  ton.  From  December  i  to  22,  No.  3  furnace,  on 
ordinary  air,  made  400  tons  a  day,  using  2,309  pounds  coke  per  ton, 
From  December  23  to  31,  rather  more  than  V^  of  dry  air  was  used  in 
the  blast,  when  the  product  increased  to  461  tons,  and  the  coke 
consumption  dropped  to  2,140  pounds. 

In  January,  the  month  with  the  lowest  humidity,  the  dry  blast 
was  taken  from  No.  i  and  applied  to  No.  3  furnace.  This  was  to 
determine  the  economy  on  another  furnace.  The  response  was 
prompt  and  efficient,  and  clearly  demonstrated  the  economy  of  the 
process  in  the  dry  months.  From  January  i  to  10,  No.  i  furnace 
on  dry  air  made  428  tons  per  day  with  1,825  pounds  coke  per  ton. 
A  few  days  were  necessary  to  allow  for  the  changing  conditions  of 
the  blast,  and  from  January  15  to  31,  with  ordinary  air,  she  made 
414  tons  per  day,  but  needed  2,340  pounds  of  coke.  The  change  with 
No.  3  furnace  brought  about  the  following  results.  January  i  to  10, 
ordinary  air,  the  daily  product  was  410  tons,  coke  consumption 
2,351  pounds;  from  15  to  31,  with  dry  air,  it  was  432  tons  per  day, 
with  a  coke  consumption  of  1,811  pounds  per  ton. 

It  had  been  thought  by  many  metallurgists  that  the  use  of  dry 
blast  could  be  dispensed  with  in  the  winter.  The  next  month,  Feb- 
ruary, was  an  excellent  one  to  test  this  point,  for  then  the  moisture 
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in  the  ordinary  air  sometimes  ran  lower  than  in  the  dried  blast.  The 
dry  blast,  however,  still  showed  a  very  marked  improvement,  espe- 
cially with  regard  to  coke  economy,  for  about  as  much  iron  was  made 
with  433  pounds  less  coke  per  ton. 

In  March  the  plant  was  shut  down  several  days  owing  to  floods, 
and  the  furnaces  were  banked.  No.  3  wdth  dry  air,  on  starting  up, 
responded  more  quickly  and  gave  iron  of  grade  in  one  day,  whereas 
it  took  three  days  for  No.  i  furnace.  These  results  together  with 
other  data  are  given  in  Table  II,  most  of  the  figures  being  averages. 

Table  II.    Results  at  Isabella  Furnaces. 
November,  1904,  to  May,  1905. 

Coke  Blowing.  Temp. 

Date,             Furnace.      Blast.           Daily      Consump-  Engine.  _  Hot  Blast. 

Product.        tion.      Rev.  per  min.  Degrees  F. 

Nov.,  1904...         I              Dry               447              1816  96  854 

Nov 3              Ord.              386             2279  III  750 

Dec I              Dry              455              1823  96  877 

Dec.     1-22...         3              Ord.              400              2309  11 1  785 

Dec.  23-31...         3           Vs  Dry            461              2140  in  785 

Jan.     i-ic...         I              Dry              428              1825  96  869 

Jan.  15-3,1....         I              Ord.              414              2340  in  771 

Jan.     i-ic...         3              Ord.              410              2351  in  716 

Jan.   15-31 3              Dry               432              1811  96  802 

Feb I              Ord.              424              2248  in  800 

Feb 3              Dry               412              1815  96  784 

Mar I              Ord.              411              2274  in  850 

Mar 3              Dry              405              1837  96  784 

Mr.  Meissner's  paper  of  February,  1906,  brought  the  results 
down  to  date,  and  gave  tables  showing  that  an  increase  in  the  tem- 
perature of  the  blast  was  not  alone  sufficient  to  bring  about  the 
economies. 

These  results,  obtained  with  the  Isabella  furnaces,  as  well  as 
being  markedly  instructive,  are  of  great  historical  interest.  Probably 
the  best  records  of  other  results  are  those  obtained  at  the  plant  of  the 
Warwick  Iron  &  Steel  Co.,  previously  mentioned.  Here  the  fur- 
naces were  old,  and  with  normal  working  would  have  been  blown 
out.  It  was  hoped  to  prolong  the  life  of  their  No.  2  furnace  suffi- 
ciently to  complete  certain  profitable  contracts  for  basic  iron.  The 
specifications  are  within  rather  narrow  limits,  and  call  for: 

Silicon  under   i.oo 

Sulphur 05 

Phosphorus    i.oo 

This  end  was  successfully  attained ;  and  at  the  same  time,  even 
with  the  bad  condition  of  the  furnace,  a  far  greater  percentage  of  the 
foundry  grade  was  made  than  before.  To  give  some  details ;  the  fur- 
nace had  been  in  blast  nearly  three  years  and  made  more  than 
500,000  tons  of  iron.     On  August  8,   1907,  two  compressors  being 
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ready,  dry  blast  was  applied.  The  moisture  was  lowered  from  7 
grains  to  5  per  cubic  foot,  on  the  next  day  to  4,  and  on  the  next  to  3. 
The  temperature  of  the  iron  and  slag  increased  greatly,  and  the  bur- 
den had  to  be  constantly  increased  to  keep  the  silicon  below  i.o  per 
cent.  On  account  of  her  imperfect  lines  the  furnace  did  not  work 
well  and  was  blown  out  December  27.     A  partial  record  is  given 

below : 

Table  III.     Furnace  No.  2,  Warwick  I.  &  S.  Co. 

Date.                                     Tons  per  Coke  per  Percentage 

week.                     ton,  lb.  Basic  Iron 

August,   1907 2649                       2452  69.0 

September   2638                       2503  78.2 

October    2927                       2501  82.2 

November   2735                       2339  80.4 

December   2880                       2261  88.5 

April,   1904   2660                       2716  540 

May   2634                      2745  46.0 

The  last  two  lines  give  contemporaneous  records,  using  ordinary 
air,  and  with  the  furnace  in  good  condition.  The  averages  show  a 
monthly  increase  of  iron  of  132  tons,  being  5  per  cent;  a  decrease 
in  coke  consumption  of  321  pounds  per  ton,  being  11.7  per  cent;  and 
an  increase  in  percentage  of  grade  iron  from  50.0  to  81.9.  It  is  said 
that  through  this  short  campaign  the  entire  cost  of  the  installation 
was  met,  because  of  the  contracts  being  filled,  and  the  greater  per- 
centage of  merchantable  iron  made. 

Furnace  No.  i  was  making  high-silicon  foundry  iron,  and  was 
also  in  bad  condition.  The  dry  blast  was  only  on  45  days ;  the  daily 
product  was  increased  about  10  per  cent,  and  the  quality  somewhat 
improved.  After  relining,  the  dry  blast  was  again  applied  ;  in  several 
successive  weeks  the  record  has  been  nearly  1,700  tons  week,  wnth 
less  than  1,900  pounds  coke  per  ton,  and  with  a  blast  temperature 
below  900  degrees  F.  The  best  record  with  ordinary  air,  on  foundry 
iron,  is  1,016  tons  per  week  with  2,633  pounds  coke  per  ton,  and  a 
blast  temperature  of  1,016  degrees  F.  They  feel  that  they  are  saving 
400  pounds  of  fuel  per  ton  of  iron,  and  making  350  tons  more  iron 
per  week  with  a  lower  blast  temperature,  and  using  a  much  more 
refractory  ore  mixture.  Later  results  show  even  more  marked  im- 
provement, the  same  furnace  in  November,  1908,  on  foundry  grade, 
giving  95  per  cent,  of  the  grade  desired  and  making  1,440  tons  per 
week,  with  2,181  pounds  of  coke. 

Finally,  some  results  may  be  given  from  the  installation  at  Car- 
diff, South  Wales.  Here  the  furnace  has  been  in  blast  one  year, 
on  a  new  lining,  and  is  in  good  condition  to  give  excellent  results. 
When  operating  for  increased  output  as  in  the  main  consideration. 
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the  tonnage  was  increased  26.4  per  cent  and  the  coke  consumption 
lowered  13.4  per  cent.  When  striving  for  a  decreased  coke  consump- 
tion, the  tonnage  increased  14.  i  per  cent  and  the  coke  consumption 
decreased  18.4  per  cent. 

Table  TV.     Re'^ults  at  Cardiff,  South  Wales. 

Tonnage  Coke  per 
weekly.  ton. 

P^irst  50  weeks,  natural  air 2001  2278 

Dry  air,  operated  for  increased  output,  5  weeks 2530  1972 

Dry  air,  operated  for  economy  of  fuel  4  weeks 2286  1857 

The  examples  given  above  are  sufficient  to  iUustrate  the  large 
increase  in  tonnage  that  is  obtained,  and  the  economy  of  fuel. 
Either  of  these  advantages  may  be  striven  for  at  the  expense  of  the 
other,  depending  upon  the  conditions  at  a  given  plant.  Probably  the 
greatest  advantage  of  all,  especially  for  furnaces  making  merchant 
iron,  is  the  greatly  increased  certainty  with  which  iron  of  a  desired 
grade  can  be  made. 

This  is  well  brought  out  in  the  case  of  the  Pottstown  plant,  even 
when  the   furnace  was  in  bad  condition,  and  particularly  so  after 
relining.     Similarly  good  results  have  been  obtained  at  the  E.  and  G 
Brooke  Iron  Co.,  Birdsboro,  Pa. 

Theoretical  Considerations. 

Many  theories  have  been  advanced  to  account  for  the  splendid 
results  obtained.  The  uniformity  of  practice,  as  seen  in  the  control 
of  the  grade  of  iron  produced,  necessarily  comes  from  the  control 
exercised  over  all  four  of  the  raw  materials.  The  decrease  in  coke 
consumption,  that  is,  the  economy  of  fuel,  is  not  so  easily  explained. 
The  moisture  entering  the  furnace  with  the  blast  requires  a  great  deal 
of  heat  for  its  dissociation.  Careful  calculations  show  that  this 
amounts  to  about  3  per  cent,  so  that  drying  the  air  would  give  a 
saving  of  about  this  amount.  The  great  saving  observed  in  practice 
comes  about  from  the  fact  that  in  ordinary  furnace  operations  an 
excess  of  fuel  has  to  be  constantly  maintained  to  care  for  the  sudden 
changes  coming  in  the  blast  furnace  conditions,  these  changes  being 
very  largely  due  to  the  abrupt  changes  in  the  moisture  contents  of  the 
air.  With  the  dry  blast,  also,  the  zone  of  fusion  in  which  the  great- 
est part  of  the  work  is  done  is  held  more  steadily  in  one  place,  and 
is  at  a  higher  temperature  than  with  ordinary  blast,  which  brings 
about  better  combustion  of  the  fuel. 

Careful  measurements  have  also  proven  that  the  waste  gases  pass 
away  at  a  lower  temperature,  which  necessarily  means  that  better 
heat  economy  is  being  attained  in  the  furnace. 


ECONOMIES   IN    IRON   MAKING.  197 

The  reason  for  the  marked  increase  in  metal  production  was  also 
by  no  means  clear.  The  most  scientific  theory  is  that  advanced  by 
Mr.  J.  E.  Johnson,  Jr.,  and  by  Professor  Howe.  They  maintain 
that  the  useful  work  of  the  furnace  is  done  only  above  a  certain 
critical  temperature,  which  may  be  placed  at  about  1,300  degrees  C. 
The  temperature  of  combustion  with  ordinary  blast  is  about  1,860 
degrees,  so  that  there  are  560  degrees  available  to  carry  on  the  fur- 
nace operations.  With  dry  blast  the  heat  of  combustion  is  about 
1,965  degrees,  which  gives  665  degrees  available,  equaling  about  19 
per  cent  more  useful  heat,  and  consequently  giving  this  increase  in 
production. 

Another  explanation  is  that  the  saving  of  about  3  per  cent  which 
the  removal  of  the  moisture  brings  about,  is  saved  to  the  hearth  alone. 
One-fourth  of  the  heat  value  of  the  coke  charged  is  available  for  the 
hearth;  another  fourth  reduces  the  ore^  and  the  remainder  is  found  in 
the  gases.  The  3  per  cent,  being  a  saving  to  the  hearth,  gives,  there- 
fore, a  12  per  cent  increase,  and  as  the  hearth  is  the  one  weak  place, 
it  increases  the  capacity  of  the  furnace  about  12  per  cent. 

The  ''critical  temperature"  theory  appears  to  fit  the  facts  thor- 
oughly, for  it  is  well  known  that  in  many  operations  the  reaching 
of  such  a  critical  temperature  is  the  great  necessity. 

Concerning  the  future  of  the  process,  there  seems  no  doubt  of  its 
success.  It  has  been  thoroughly  tried  in  different  localities.  Its 
advantages  have  been  proven  with  furnaces  after  relining,  when  they 
were  in  excellent  condition,  and  when  so  far  worn  as  to  be  no  longer 
worth  running  under  ordinary  conditions.  In  the  hot  summer 
months,  with  high  humidity,  its  advantages  appear  most  marked, 
but  in  the  winter  months,  when  the  moisture  is  low,  the  records  show 
almost  equally  favorable  results.  In  the  various  localities,  different 
ore  mixtures  and  different  fuels  have  been  used ;  and  the  process  has 
been  in  the  hands  of  different  organizations,  but  in  every  case  has 
given  the  same  far  reaching  economies. 

It  does  not  seem  too  much  to  say  that  in  importance,  the  process 
ranks  very  close  to  the  revolutionary  one  of  Nielson's  in  1828, 
namely,  that  of  the  hot  blast  and  its  application  to  iron  manufacture. 


THE  PROTECTION  OF  IRON  AND  STEEL  FROM 

CORROSION. 

By  Wm.  H.  Walker. 

Dr.  Walker's  article  is  based  upon  researches  i-eported  in  a  comprehensive  paper  to  be 
presented  at  the  May  meeting  of  the  Iron  and  Steel  Institute.  The  subject  matter  is  here 
selected,  condensed,  and  adapted  by  the  author  for  the  specialized  engineering  audience 
made  up  by  readers  of  the  magazine. — The  Editors. 

THE  rapidly  increasing  use  of  iron  and  steel  in  almost  every 
kind  of  construction  work  makes  necessary  a  more  perfect 
knowledge  of  the  fundamental  principles  underlying  corro- 
sion and  the  modern  methods  of  protecting  such  structures  from  de- 
cay; for,  v/ith  the  exception  of  occasional  weakening  due  to  what  is 
commonly  called  the  ''fatigue"  of  iron,  the  active  life  of  these  struc- 
tures is  practically  limited  by  the  rate  at  which  they  corrode  or  rust. 
While  a  tendency  to  corrode  is  a  property  inherent  in  iron  and 
therefore  always  present,  yet  from  the  fact  that  under  identical  con- 
ditions of  service  some  samples  corrode  much  more  rapidly  than  do 
others,  it  is  evident  that  there  is  something  other  than  the  iron  itself 
playing  an  important  part  in  the  phenomenon.  The  commercial  ma- 
terial which  we  term  iron  is  unique  in  that  it  is  never  in  reality  the 
pure  metal  (as  copper,  for  example,  is),  but  always  a  mixture  of  iron 
and  certain  alloys  of  iron  with  other  elements  with  which  it  unites 
during  the  process  of  its  manufacture.  These  alloys  or  compounds, 
moreover,  when  present  even  to  a  very  minute  extent,  have  a  controll- 
ing effect  upon  the  physical  properties  of  the  resultant  product.  When 
the  iron  is  first  reduced  from  its  ore,  these  impurities  are  present  in 
relatively  large  quantities,  and  are  removed  by  refining  processes, 
which  if  carried  on  with  the  iron  in  a  plastic  condition  results  in  what 
we  term  wrought  iron,  while  if  during  the  process  of  refining  the  mass 
is  continuously  held  in  a  molten  condition,  the  material  known  as  steel 
is  produced.  The  iron  of  fifty  years  ago  was  made  by  the  first  pro- 
cess, and  it  cannot  be  denied  that  such  material  resisted  corrosion  bet- 
ter than  much  of  our  modern  iron  or  steel. 

There  has  been  an  endeavor  on  the  part  of  some  manufacturers 
who  now  use  processes  essentially  the  same  as  that  formerly  used,  to 
attribute  the  value  of  the  old  product  to  the  process,  and  to  assert 
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that  the  output  of  a  puddhng  furnace,  for  example,  must  be  the  more 
vakiable  because  it  was  made  in  such  a  furnace.  But  while  a  product 
is  in  general  a  function  of  the  process  used  in  its  making,  it  does  not 
follow  that  the  process  alone  can  insure  the  value  of  the  product,  and 
that  wrought  iron  will  necessarily  resist  corrosion  because  it  is 
wrought  iron.  Hence  the  futility  of  the  discussion  which  has  been 
going  on  for  the  last  few  years  as  to  the  relative  merits  of  wrought 
iron  and  steel  as  to  this  particular  property.  We  have  plenty  of  good 
steel  and  bad  wrought  iron,  and  also  bad  steel  and  good  wrought  iron. 
Had  the  energy  and  time  spent  in  this  useless  wrangle  been  devoted 
to  a  sincere  endeavor  to  determine  the  factors  controlling  the  rate  of 
corrosion,  the  problem  would  now  be  nearer  solution. 

Before  we  can  intelligently  discuss  this  variation  in  the  tendency 
of  different  samples  of  iron  and  steel  to  corrode,  or  inquire  as  to  the 
methods  of  preventing  such  corrosion,  it  will  be  necessary  to  state 
briefly  the  fundamental  principles  underlying  the  phenomenon,  and 
the  conditions  which  must  obtain  in  order  that  it  may  take  place. 

The  substance,  rust,  is  a  combination  of  oxygen  and  iron  usually 
associated  with  more  or  less  water.  Oxygen  will  not  unite  directly 
with  metallic  iron  except  at  a  high  temperature,  when  it  forms  a  dense 
magnetic  mass  such  as  mill-scale.  In  order  for  the  union  to  take 
place  at  ordinary  temperatures,  the  iron  must  pass  into  solution  as  an 
electrically  charged  atom  called  an  ion.  Every  metal  when  placed  in 
contact  with  water,  has  a  certain  tendency  thus  to  pass  into  solution. 
This  tendency  to  escape  into  the  water  is  known  as  solution  pressure, 
and  varies  with  the  metal.  In  one  like  sodium,  this  pressure  is  so 
great  that  instant  solution  occurs  when  the  metal  comes  in  contact 
with  water,  while  in  the  metal  platinum  the  solution  pressure  is  nega- 
tive in  value.  In  passing  into  solution,  the  metallic  particles  change 
from  an  atomic  condition  to  the  ionic  condition,  and  in  so  doing,  as- 
sume a  positive  charge  of  electricity,  leaving  the  metal  itself  nega- 
tively charged.  There  will  thus  be  formed  around  the  metal  an  elec- 
trolytic double  layer  and  the  action  will  cease.  If,  however,  there  be 
present  in  the  water  another  ion  which  has  a  less  solution  pressure 
than  the  metal  under  consideration,  such  ion  will  pass  from  its  ionic 
condition  to  its  atomic  cgndition  and  separate  out  upon  the  first  metal, 
giving  up  its  positive  charge  of  electricity  thereto.  An  electric  current 
will  therefore  pass  through  the  solution  from  one  point  on  the  metal 
to  the  other,  destroying  the  electrolytic  double  layer  and  causing  the 
solvent  action  of  the  metal  to  be  continued. 

When  a  piece  of  iron  is  immersed  in  a  solution  of  copper  sulphate, 
for  example,  such  a  reaction  takes  place.     The  iron  passes  into  solu- 
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tion,  metallic  copper 
plates  out  upon  the  me- 
tallic iron  and  an  electric 
current  flows  from  those 
places  where  the  iron  is 
passing  into  solution  to 
those  portions  where  the 
copper  is  plating  out  and 
through  this  copper  to 
the  iron  again,  although 
these  points  may  be  in- 
finitely near  together.  If 
now,  the  bar  of  iron  be 
placed  in  water  instead 
of  the  copper-sulphate 
solution,  a  perfectly  an- 
alogous reaction  takes 
place,  except  that  instead  of  copper  separating  out  on  the  iron  we 
now  have  one  of  the  ions  of  which  water  itself  is  composed,  viz., 
hydrogen,  separating  out  on  the  iron  and  an  electric  current  flowing  as 
before.  Water  is  composed,  or  breaks  up  into,  the  two  ions — hydro- 
gen, which  carries  the  positi'/e  charge,  and  what  is  termed  the 
hydroxyl  ion,  which  carries  an  equivalent  negative  charge.  It  hap- 
pens that  there  exists  a  very  delicate  test  for  the  presence  of  the  iron 
ion  in  the  fact  that  potassium  ferricyanide  solution  immediately 
forms  therewith  a  bright  blue  color;  while,  on  the  other  hand,  there 
is  an  organic  substance  known  as  phenol  phthalein,  which  becomes 
intensely  red  in  the  presence  of  hydroxyl  ions.  If,  therefore,  a  piece 
of  iron  be  placed  in  a  water  solution  containing  potassium  ferricy- 
anide and  phenol  phthalein,  and  which,  to  prevent  convection  cur- 
rents, is  thickened  with  a  little  ordinary  gelatine,  there  should  be 
formed  a  bright  blue  color  at  those  points  on  the  iron  bar  at  which 
the  iron  is  passing  into  solution,  and  a  bright  red  color  on  those  por- 
tions on  which  the  hydrogen  is  plating  out,  leaving  in  the  solution  at 
that  place  an  equivalent  number  of  hydroxyl  ions.  These  conditions 
are  easily  realized,  and  an  experiment  is  shown  in  Figure  I,  where 
some  ordinary  wire  nails  have  been  placed  in  such  a  jelly.  The  dense 
portions  are  the  blue  zones  at  those  points  where  iron  is  passing  into 
solution  and  reacting  with  the  ferricyanide,  and  the  deeper  portions 
are  the  red  of  the  phenol  phthalein  where  separating  hydrogen  has  left 
the  free  hydroxyl  ions.  The  flow  of  the  current  may  be  seen  to  be 
by  preference  from  the  ends  of  the  nails.  Just  as  is  the  case  with 
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magnetic  lines  of  force.  The  ends  of  the  two  nails  running  horizontal 
have  been  tipped  with  paraffin,  which  throws,  as  a  rule,  the  point  of 
corrosion  into  the  middle  of  the  nail/'=  The  fact  that  iron  in  the  pres- 
ence of  a  phenol  phthalein  solution  colored  the  same  red  was  first 
noted  by  Dr.  A.  S.  Cushman,  of  Washington,  D.  C,  and  was  used  by 
him  to  prove  the  presence  of  ferrous  hydroxide  in  solution.  This 
observation  in  my  hands  has  resulted  in  this  convincing  proof  of  the 
first  and  important  step  in  the  corrosion  of  iron. 

According  to  this  conception,  therefore,  if  a  piece  of  iron  be  placed 
in  water  in  the  absence  of  air  or  other  foreign  material,  iron  should 
continue  to  pass  into  solution  and  hydrogen  should  continue  to  plate 
out  in  the  form  of  gas;  but  this  is  not  in  fact  the  case.  This  solvent 
action  in  water  proceeds  but  to  a  very  slight  extent  and  then  practi- 
cally stops,  while  when  iron  is  placed  in  a  copper-sulphate  solution 
under  similar  conditions  the  action  is  continuous.  But  in  the  case  of 
the  copper,  which  plates  out  on  the  iron,  we  have  a  good  conductor 
for  the  electric  current  which  must  pass  from  one  point  of  the  iron 
through  tiie  solution  and  the  copper  back  to  the  iron  again.  The  film 
of  hydrogen  which  plates  out  on  the  iron  in  the  second  case,  however, 
is  not  a  conductor  of  electricity,  but  an  insulator,  and  until  it  is  re- 
moved the  current  cannot  pass  nor  the  action  continue. 

Since  the  presence  of  the  polarizing  film  of  hydrogen  arrests  the 
further  solution  of  the  iron,  it  is  obvious  that  in  order  for  the  reaction 
to  proceed,  this  hydrogen  must  be  removed.  The  destruction  of  the 
hydrogen  film  in  ordinary  corrosion  is  accomplished  by  the  oxygen  of 
the  atmosphere  which  is  dissolved  in  the  water.  The  action  here  tak- 
ing place  is  a  simple  union  of  the  hydrogen  on  the  iron  and  the  oxygen 
dissolved  from  the  air,  with  the  reformation  of  water.  It  follows 
from  this  that  any  substance  wdiich  dissolves  or  reacts  with  hydrogen 
should  accelerate  corrosion.    This  is  found  to  be  in  fact  the  case. 

It  was  formerly  thought  that  the  action  of  oxygen  as  a  factor 
necessary  in  corrosion  was  simply  to  oxidize  the  iron  ions  thrown  into 
solution,  and  to  precipitate  them  as  rust.  While  it  is  true  that  this 
reaction  does  take  place,  and  is  indeed  the  most  striking  function  that 
oxygen  performs,  it  is  in  reality  a  secondary  one,  simply  incidental  to 
corrosion  and  not  a  necessary  part  of  the  action.  Its  real  accelerat- 
ing effect  is  due  to  the  fact  that  it  depolarizes  the  hydrogen  which  is 
set  free  by  the  reaction  and  separates  out  on  the  metallic  iron. 

Having  now  a  conception  of  the  mechanism  by  which  iron  cor- 
rodes, some  important  conclusions  may  be  drawn. 

*  Inasmuch  as  pieces  of  iron  having  a  uniform  surface  are  aesirable  for  this  experiment, 
wire   nail?   are   preferred.      Care   must  be   taken,    however,    to   see   that   they   are    free    from 
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Since  corrosion  can  take  place  only  when  the  deposited  hydrogen 
film  is  continually  destroyed,  it  follows  that  any  agency  that  will  in- 
crease the  speed  of  the  reaction  by  which  the  hydrogen  plating  out  on 
the  iron  and  the  oxygen  dissolved  in  the  water,  will  unite,  will  in 
turn  accelerate  the  corrosion.  It  is  well-known  that  the  union  of 
oxygen  and  hydrogen  takes  place  at  ordinary  temperatures  much 
more  rapidly  upon  a  surface  of  platinum  than  on  copper,  on  copper 
much  more  easily  than  on  iron,  and  on  iron  more  easily  than  on  zinc. 
To  use  a  modern  phrase,  these  metals  catalyze  the  reaction.  Hence  if 
a  piece  of  platinum  or  copper  be  united  electrically  with  a  piece  of 
iron,  the  hydrogen  will  be  liberated  on  the  platinum,  and  the  iron  will 
be  free  to  pass  into  solution  over  its  entire  surface.  This  is  shown  in 
Figure  2.  A  piece  of  platinum  wire  is  seen  at  the  center  of  the  plate 
and  is  without  action.  A  nail  is  also  seen  corroding  at  the  ends  and 
setting  free  hydrogen  upon  its  central  portion.  A  second  nail  is  con- 
nected to  a  piece  of  platinum  wire ;  the  red  of  the  phenol  phthalein  is 
seen  around  the  wire,  while  the  nail  is  corroding  very  much  faster 
than  the  unconnected  nail.  Many  substances  occurring  in  modern 
iron  and  steel,  such,  for  example,  as  manganese  sulphide  and  mag- 
netic oxide,  act  in  this  respect  just  as  platinum  does.  Their  presence 
in  the  iron  furnishes  small  points  upon  which  the  hydrogen  set  free 
can  be  easily  liberated,  and  thus  form  the  cathode  pole  of  an  exceed- 
ingly small  electric  couple,  thus  setting  up  a  flow  of  electric  current 
and  forming  a  center  of  corrosion.  In  proportion  as  the  iron  con- 
tains many  of  these  centers  will  the  rate  of  its  corrosion  increase.  A 
rough  analogy  may  be  found  in  the  following  experiment :  Compress 
into  tablets  by  means  of  an  apothecary's  press,  (a)  finely  powdered 
zinc,  (b)  finely  powdered  copper,  and  (c)  an  intimate  mixture  of 
these  two;  (d)  provide  a  small  piece  of  brass  of  the  same  proportion- 
ate composition  as  (c).  Place  each  in  moderately  dilute  pure  muriatic 
acid;  (a)  will  show  but  slight  action,  very  little  hydrogen  being 
evolved;  (b)  will  not  be  acted  upon;  (c)  will  give  ofif  hydrogen  most 
violently,  the  zinc  passing  into  solution,  (d)  will  show  no  action. 
While  the  action  of  acids  upon  metals  is  not  strictly  comparable  to 
ordinary  corrosion,  it  is  roughly  so,  and  the  results  show  that  if  the 
iron  be  pure,  its  solution  will  be  but  slow,  as  in  (a)  ;  (b)  represents 
the  impurities  in  the  iron  as  various  forms  of  sulphur,  phosphorus, 
manganese,  and  carbon  compounds,  which  in  themselves  may  not  be 
easily  corroded;  (c)  shows  the  effect  of  these  impurities  when  badly 
segregated,  furnishing  cathodic  poles  upon  which  hydrogen  can  be 
liberated,  thus  allowing  the  iron  to  pass  into  solution;  while  (d)  in- 
dicates that  if  these  impurities  could  be  perfectly  distributed  they 
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FIG.   2.      CORROSION    OF    IRON    IN   CONTACT    WITH 
PLATINUM. 


^  would  produce  little  in- 
fluence on  corrosion. 
Hence  we  should  expect 
that  the  speed  of  cor- 
rosion of  iron  or  steel 
would  increase  in  ac- 
cordance with  the  per- 
centage of  impurities 
present,  and  it  should 
decrease  in  accordance 
with  the  care  bestowed 
upon  the  iron  or  steel 
during  its  manufacture 
to  prevent  a  segregation 
of  these  impurities.  The 
simplest  way,  of  course, 
to  insure  an  absence  of 
segregation  is  to  eliminate  altogether  those  materials  not  needed  in 
the  iron.  It  has  been  found  that  a  steel  made  under  such  conditions 
that  the  total  impurities  are  reduced  to  not  over  five  hundredths  of 
one  per  cent  (0.05  per  cent)  resists  corrosion  to  an  extent  equal  to  the 
iron  of  our  forefathers.  The  steel  companies  have  been  slow  to  ac- 
cept this  general  proposition,  but  it  is  gratifying  to  know  that  ma- 
terial of  this  purity  may  now  be  obtained  on  the  open  market. 

Since  iron  can  pass  into  solution  only  by  assuming  the  ionic  form, 
and  having  at  the  same  time  an  equivalent  amount  of  hydrogen  pass 
from  the  ionic  condition  to  the  gaseous  state,  the  speed  of  the  reac- 
tion will  depend  upon  the  number  of  hydrogen  ions  present  in  the 
solution.  If  this  number  be  enormously  increased,  as  can  be  done  by 
adding  some  strong  acid,  the  reaction  will  be  accelerated  to  such  an 
extent  that  the  hydrogen  may  be  seen  passing  off  the  iron  as  a  stream 
of  bubbles.  If  this  concentration  of  hydrogen  ions  be  but  slightly  in- 
creased by  the  addition  of  such  weak  acids  as  the  carbonic  acid  of 
the  atmosphere,  or  the  carbonic  and  sulphurous  acids  resulting  troin 
the  combustion  of  most  fuels,  corrosion  will  again  be  accelerated, 
though  to  a  less  noticeable  extent.  The  presence  of  any  material 
(such  as  alum  or  magnesium  chloride)  which  when  subjected  to  pres- 
sure, or  other  materials  which  by  hydrolysis,  will  form  an  acid,  will 
also  accelerate  corrosion.  This  explains  why  boiler  feed  water 
should  be  free  from  magnesium  chloride,  for  example.  This  salt 
hydrolyzes  in  the  presence  of  water  at  temperatures  above  120  de- 
grees C.  to  produce  the  highly  dissociated  muriatic  acid  and  the  weak 
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base  magnesium  hydroxide,  and  a  rapid  corrosion  of  the  boiler  due  to 
increased  hydrogen-ion  concentration  results. 

If,  on  the  other  hand,  the  hydrogen-ion  concentration  be  reduced, 
the  corrosion  of  the  iron  will  also  be  decreased.  Such  a  condition 
may  be  most  easily  realized  by  adding  to  the  water  a  strong  alkali, 
which,  owing  to  the  presence  of  a  large  number  of  hydroxyl  ions, 
decreases  thereby  the  number  of  the  hydrogen  ions.  Iron  will  not 
rust,  therefore,  in  a  solution  of  soda  ash,  lime  water,  or  any  material 
(such  as  sodium  phosphate)  which  when  present  in  water  will  by 
hydrolysis  decrease  the  number  of  hydrogen  ions. 

This  fact  has  an  important  bearing  upon  the  question  which  has 
been  much  discussed  lately,  as  to  whether  concrete  will  protect  iron 
from  corrosion.  Inasmuch  as  Portland  cement  when  it  "sets"  or 
hardens  liberates  a  large  quantity  of  caustic  lime,  which  is  a  strong 
alkali,  and  since  good  concrete  is  therefore  saturated  with  this  strong 
alkali,  the  answer  to  the  question  must  be  in  the  affirmative.  Iron  or 
steel  will  not  corrode  when  imbedded  in  concrete.  But  caustic  lime 
is  soluble  in  water,  and  poorly  made  concrete  is  not  impervious  to 
water.  Therefore,  if  iron  be  imbedded  in  concrete  through  which 
water  at  any  time  be  allowed  to  percolate,  this  calcium  hydrate  will 
be  slowly  but  surely  dissolved  and  washed  away,  and  with  it  will  dis- 
appear the  inhibiting  action  of  the  concrete,  and  iron  imbedded 
therein  will  surely  rust.  To  insure  absolute  protection  of  the  rein- 
forcing members  of  concrete  construction,  therefore,  such  concrete 
must  be  sufficiently  dense  and  carefully  made  to  render  it  practically 
waterproof.  This  is  not  an  impossible  condition,  but  one  easy  of  at- 
tainment if  sufficient  care  be  taken. 

By  electrically  connecting  a  piece  of  iron  with  a  bronze  or  copper 
structure  the  latter  will  be  protected  from  corrosion,  because,  owing 
to  the  fact  that  the  iron  passes  into  solution,  hydrogen  will  be  liber- 
ated upon  the  bronze  or  copper  and  its  solution  will  thus  be  pre- 
vented. Em.ploying  the  same  reasoning  we  find  that  any  metal  with  a 
greater  tendency  to  dissolve  than  iron,  for  example  zinc,  on  which 
the  hydrogen  is  liberated  with  more  difficulty  than  on  iron,  should 
protect  the  iron  at  the  expense  of  this  other  more  positive  metal. 
This  action  is  shown  in  Figure  3.  A  piece  of  zinc  is  seen  at  the  center, 
corroding  slightly  from  the  ends,  and  showing  the  red  due  to  the 
separating  hydrogen  ions  at  the  center.  Zinc  ferricyanide  is  white 
and  hence  the  same  reagent  demonstrates  the  separation  of  zinc  ions, 
just  as  it  does  the  iron  ions  in  the  plate  already  considered.  The  nail 
which  has  been  connected  to  another  piece  of  zinc  is  not  corroding, 
but  is  protected  by  the  separating  hydrogen.    The  zinc  thus  connected, 
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FIG.    3.      CORROSION    OF    IRON    IN    CONTACT   WITH 
ZINC. 


however,  is  seen  to  be  rapidly  dissolving.  This  is  the  explanation  of 
the  well-known  use  of  zinc  in  boilers  for  the  prevention  of  pitting, 
and  it  is  but  necessary  to  maintain  an  electrical  connection  between 

the  zinc  and  the  iron  to 
insure  the  complete  pro- 
tection of  the  latter,  for 
a  distance  which  depends 
upon  the  electrical  con- 
ductivity, or  purity,  of 
the  water  in  which  the 
two  are  immersed.  In 
perfectly  pure  water, 
zinc  will  protect  iron  but 
for  a  distance  of  one- 
half  inch  or  so;  but  if 
salt  or  any  other  elec- 
trolyte be  added  thereto, 
the  area  of  protection 
is  increased  to  twenty 
inches  or  more. 

The  fact  that  the  presence  of  a  metallic  iron  surface  accelerates 
the  corrosion  of  zinc  has  an  important  bearing  upon  the  protection 
of  such  structure  as  barbed-wire  fencing,  or  any  structure  where 
both  iron  and  zinc  surfaces  are  exposed.  In  making  barbed-wire 
fencing,  for  example,  the  W'ire  is  first  galvanized  and  then  wound  into 
fencing,  the  cross  w^ires  forming  the  barbs  being  cut  at  an  angle  in 
order  to  make  a  pointed  barb.  This  freshly  cut  surface  of  iron  is  thus 
exposed,  and  so  furnishes  just  the  surface  required  for  depolarizing 
the  zinc  surface  and  thus  greatly  increases  the  rapidity  with  which 
the  zinc  coating  wall  corrode.  As  the  zinc  coating  recedes  from  the 
iron  surface,  the  latter  rusts  on  account  of  the  low  conductivity  of 
the  w^ater  film  on  the  two ;  hence  the  explanation  of  why  deterioration 
of  a  barbed  wire  fence  always  starts  at  the  barbs  and  travels  from 
there  along  the  strands.  It  also  show^s  the  necessity  of  protecting 
those  places  on  a  galvanized  structure  from  which  the  zinc,  for  what- 
ever cause,  has  been  removed. 

Since  oxygen  is  necessary  to  insure  the  continuous  removal  of  the 
hydrogen  film,  it  is  obvious  that  if  no  oxygen  be  allowed  to  roach  the 
iron  through  the  water,  no  corrosion  can  take  place.  This  fact 
teaches  us  much  regarding  the  corrosion  of  boiler  shells  and  tubes. 
Pitting  may  be  entirely  avoided  if  the  air  be  removed  from  the  feed 
water  before  its  introduction  into  the  boiler.     This  niav  best  be  done 
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by  the  employment  of  an  open  feed-water  heater,  or  what  is  better 
still,  a  feed-water  heater  connected  to  the  dry  vacuum  pumps  of  the 
condenser.  If  such  treatment  is  not  possible,  the  air  may  be  removed 
from  the  feed  water  by  drawing  the  water  through  a  closed  box  con- 
taining scrap  iron;  the  oxygen  in  the  water  is  used  up  in  corroding 
the  scrap  iron  instead  of  the  boiler  tubes.  Or,  the  oxygen  in  the 
water  may  be  absorbed  by  feeding  into  the  boiler  with  the  water  a 
very  small  quantity  of  an  alkaline  solution  of  a  tannin  material.  Such 
a  solution  of  alkaline  tannate  will  break  up  under  the  pressure  and 
temperature  of  the  boiler,  with  the  formation  of  a  pyrogallate  of  the 
alkali,  and  this  rapidly  absorbs  the  oxygen.  Soda  ash,  or  other  alkali, 
is  of  course  useful,  not  because  of  its  effect  upon  the  oxygen  content, 
but  because,  as  has  already  been  explained,  corrosion  is  inhibited  by 
thus  decreasing  the  hydrogen-ion  concentration  of  the  water. 
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FIG.    4. 
ORDINARY  TIN   PLATE. 


FIG.    5- 
HIGH-GRADE  TIN  PLATE. 


Tin  is  a  metal  which,  like  copper,  accelerates  the  corrosion  of  iron 
by  aiding  in  the  oxidation  of  the  hydrogen  set  free  by  the  reaction. 
If,  therefore,  in  the  manufacture  of  the  so-called  tin  plate,  which  is 
sheet  iron  or  steel  covered  with  a  layer  of  metallic  tin,  there  be  im- 
perfections or  pin  holes  in  the  tin  coating,  these  channels  through  the 
tin  to  the  iron  will  become  centers  of  corrosion  which  rapidly  destroys 
the  plate.  It  is  impossible  to  detect  these  imperfections  by  a  simple 
inspection,  and  hence  users  of  tin  plate  have  been  unable  to  test  the 
quality  of  their  raw  material  from  this  point  of  view.  Since  the  iron 
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FIG 


CORROSION    OF    IRON    AS    AFFECTED    BY 
MILL    SCALE. 


must  pass  into  solution  at  these  exposed  points  in  the  tin  coating, 
their  presence  may  be  easily  located  by  flowing  upon  the  tin  surface  a 
solution  of  gelatine  or  glue  in  which  is  dissolved  some  potassiam 
ferricyanide.  When  the 
jelly  has  stiffened  the 
iron  will  pass  into  solu- 
tion through  the  holes  in 
the  tin,  and  reacting 
with  the  ferricyanide 
will  leave  a  bright  blue 
spot  in  the  jelly.  Varia- 
tions in  the  quality  of  tin 
plate  may  thus  be  easily 
detected.  This  is  shown 
in  Figures  4  and  5.  Fig- 
ure 4  is  a  sheet  of  ordi- 
nary tin  plate  of  low 
quality,  such  as  is  used 
in  canning  vegetables, 
and  is  seen  to  be  covered 
with  pin  holes.  Figure  5  is  a  high-grade  piece  of  dairy  stock  and 
shows  but  a  comparatively  few  such  imperfections. 

I  have  shown"^  that  ''mill  scale"  or  magnetic  oxide  of  iron  is 
strongly  electronegative  to  iron.  Since  mill  scale  is  insoluble  in  water 
and  cannot  of  itself  enter  into  the  reaction,  its  only  function  can  be 
analogous  to  that  of  platinum  or  other  insoluble  conductor  of  this 
kind,  viz.,  to  furnish  a  surface  on  which  the  hydrogen  liberated  by  the 
dissolving  iron  can  separate  and  be  catalytically  oxidized  to  water 
again.  This  is  also  true  of  the  black-oxide  protective  coatings  some- 
times used  upon  iron  and  steel,  as,  for  example,  that  of  the  Bower- 
Barff  process.  Just  as  is  the  case  in  mill  scale,  these  coatings  are  very 
serviceable  so  long  as  the  whole  coating  is  intact.  But  so  soon  as  a 
portion  of  the  metallic  iron  is  exposed,  this  portion  corrodes  all  the 
more  rapidly  on  account  of  the  presence  of  the  surface  of  scale  on 
which  the  oxidation  of  the  hydrogen  and  consequent  depolarization 
can  go  on.  Figure  6  shows  the  influence  of  mill  scale  on  the  speed  of 
corrosion  of  a  wire  nail.  A  piece  of  scale  is  seen  at  the  center,  while 
on  the  outside  is  a  free  nail  and  also  one  connected  with  another 
piece  of  scale.  The  accelerating  effect  is  obvious.  The  inevitable  re- 
sult is  that  a  pit  forms  at  the  exposed  point  and  grows  deeper  and 
more  marked  in  proportion  as  the  scale  is  dense  and  closely  adherent 
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to  the  iron  surface.  Hence  if  it  were  possible  to  remove  the  mill  scale 
entirely  from  steam-boiler  tubes,  for  example,  pitting  would  be  largely 
eliminated,  and  the  life  of  the  tubes  prolonged. 

Inasmuch  as  both  moisture  and  oxygen  are  necessary  in  order 
that  corrosion  may  proceed,  it  can  easily  be  seen  that  the  duty  of  a 
protective  paint  is  to  exclude  both  of  these  elements.  It  is  well- 
known  that  a  linseed  oil  film  is  an  excessively  porous  structure  actmg 
somewhat  as  a  sponge  toward  moisture  and  freely  allowing  the  pass- 
age of  oxygen.  The  function  of  the  pigments  emplo3^ed  in  paint  is 
therefore  at  least  threefold.  First,  the  more  obvious  one  of  imparting 
a  color  thereto ;  second,  the  most  important  one  of  filling  up  the  pores 
or  interstices  in  the  oil  film,  thus  rendering  it  as  little  pervious  to 
moisture  and  air  as  possible,  and  third,  to  aid  the  composite  film  in 
drying  or  oxidizing  to  a  compact  impenetrable  covering.  Very  little 
work  has  as  yet  been  done  upon  paints  from  this  point  of  view,  but 
with  a  clear  conception  of  the  factors  involved  in  the  corrosion  of 
iron,  an  intelligent  study  is  made  possible  and  valuable  results  can 
be  predicted  with  certainty.  The  porosity  of  paint  films  containing 
no  linseed  oil,  but  composed  of  bituminous  materials  which  may  be 
adapted  for  the  purpose,  may  also  be  studied  with  profit  with  a  view 
to  increasing  their  moisture-  and  oxygen-excluding  properties. 

Although,  as  I  have  tried  to  point  out,  the  corrosion  of  iron  and 
steel  is  an  electrolytic  phenomenon  occasioned  by  the  passage  of  an 
electric  current  from  one  point  on  the  metal  to  another,  it  must  not  be 
confounded  wnth  wdiat  is  known  as  ''electrolytic  corrosion"  or  "elec- 
trolysis due  to  stray  currents."  While  the  action  both  chemically  and 
physically  is  in  each  case  identical,  it  differs  in  this  important  respect. 
The  current  flowing  in  the  first  instance  is  limJted  to  the  very  small 
electromotive  force  produced  by  the  difference  in  the  solution  pres- 
sure of  hydrogen  and  iron,  retarded  more  or  less  by  the  resistance 
of  the  external  circuit.  In  the  second  case,  however,  the  current  may 
have  any  strength  and  is  limited  only  by  the  difference  of  potential 
existing  at  the  two  poles  of  the  generating  system.  The  first  case  may 
be  compared  to  the  abrasion  caused  by  a  quietly  moving  stream 
through  a  comparatively  level  country  where  the  banks  are  slowly 
worn  away,  being  deposited  somewhere  else  as  silt.  The  second 
case  is  like  a  leak  in  a  hydraulic  main  in  which  the  water  has  been 
placed  under  a  high  pressure  and  is  capable  of  producing  the  same 
action  as  in  the  first  case,  but  greatly  intensified.  The  first  mode  of 
corrosion  is  dependent  upon  the  purity  of  the  iron  and  the  other 
conditions  already  noted,  while  the  second  has  been  artificially  brought 
about  and  can  to  a  greater  or  less  extent  be  controlled. 


THE  PRINCIPLE  OF  THE  TIME  TICKET. 

By  L.  S.  Randolph. 

MODERN  shop  accounting  requires  that  the  following  informa- 
tion be  obtained  for  each  part  of  a  machine. 

I. — Amount  and  cost  of  material   for  each  piece  com- 
pleted. 

2. — Amount  and  cost  of  material  wasted  for  each  piece  com- 
pleted. 

3. — Labor  cost  of  each  piece  completed. 

4. — Labor  cost  of  each  operation  on  each  piece  completed. 

5. — Labor  cost  of  each  part  of  an  operation  completed. 

The  first  of  these  data  is  obtained  from  material  tickets ;  the  sec- 
ond usually  by  an  approximation  of  or  directly  from  the  difference  in 
weight  between  the  finished  and  unfinished  pieces ;  the  third  and 
fourth  from  records  of  the  individual  workmen,  and  the  fifth  usually 
from  a  study  from  time  to  time  of  individual  cases. 

The  methods  of  obtaining  the  third  and  fourth  of  these  it  is  pro- 
posed to  discuss  in  the  following  article. 

In  this  discussion  the  following  definitions  should  be  understood : 
A  shop-order  is  an  order  for  one  or  more  completed  machines,  or 
work  ready  for  delivery  from  the  shop. 

A  machine  is  an  assemblage  of  parts ;  a  part  is  an  assemblage  of 
pieces ;  and  a  piece  is  a  single  component. 

The  information  secured  by  cost  accounting  as  summarized  above 
may  be  desired  for  one  or  more  of  the  following  purposes : 

I. — To  obtain  the  detailed  cost  of  each  piece  and  operation,  in 
order  to  make  comparisons  between  the  work  of  different  men  and 
the  efficiency  of  different  machines,  with  a  view  to  improving  both 
the  character  of  the  work  and  its  efficiency. 

2. — To  determine  accurately  the  prime  cost  of  the  article  manu- 
factured, with  a  view  to  obtaining  lower  prime  costs. 

3. — To  study  the  cost  of  the  different  operations  with  a  view  to  re- 
ducing these  costs. 

4. — To  determine  the  rate  of  compensation  of  the  men  according 
to  some  predetermined  plan  of  standard  time  or  bonus  system. 
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5. — To  determine  beyond  question  the  responsibility  for  any  de- 
fective work. 

This  information  is  usually  obtained  by  one  of  the  following 
methods  : 

By  a  clerk  who  goes  the  rounds  of  the  shops  and  obtains  the 
time  of  the  men,  entering  it  in  a  book  and  making  the  proper  charge. 
These  charges  are  then  distributed  to  obtain  a  complete  labor  cost. 

By  one  or  other  of  the  different  forms  of  time  tickets,  made  out 
by  the  workmen  or  by  a  clerk  for  them.  These  are  almost  invariably 
signed  or  approved  by  a  foreman  before  being  turned  in  to  the  time 
keeper,  cost  clerk  or  store  keeper. 

Three  types  of  time  tickets  are  used. 

a.  Those  in  which  the  time  ticket  follows  the  piece  of  work 
through  the  shop  and  from  one  shop  to  another,  and  contains  the 
record  of  a  number  of  similar  pieces. 

b.  Those  in  which  the  time  ticket  follows  the  workman  and  con- 
tains the  record  of  a  single  operation  on  a  number  of  pieces  of  work, 
but  the  complete  day's  record  of  one  man. 

c.  Those  in  which  the  time  ticket  contains  the  record  of  one 
workman  and  the  operation  he  performs  on  a  piece  or  many  similar 
pieces ;  that  is,  a  ticket  for  each  workman  and  each  piece  on  which  he 
works,  different  operations  on  the  same  piece  being  entered  on  the 
same  ticket  when  executed  by  the  same  man. 

With  the  first  type,  a  stout  ticket  is  used,  preferably  linen-backed 
in  the  form  of  a  tag.  A  typical  arrangement  for  the  form  of  ticket  is 
shown  on  the  opposite  page.  This  should  contain  spaces  for  the  fol- 
lowing information : 

The  shop-order  number. 

Name  of  piece  to  be  finished. 

Number  of  pieces. 

Weight  and  cost  of  these  pieces  in  the  rough. 

Names  and  numbers  of  the  workmen  who  finish  them. 

Operation  or  operations  which  each  man  performs. 

Numbers  of  machine  used  for  the  operations. 

Time  at  starting  of  each  operation. 

Time  at  completion  of  each  operation. 

Elapsed  time  for  each  operation. 

Date  of  operation. 

A  space  for  the  cost  of  each  operation  and  for  the  total  labor  cost. 

Finished  weight  of  the  pieces. 

Material  lost  during  process  of  finishing.    Scrap  value  of  same. 
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It  will  be  seen  that  when 
these  cards  are  returned 
to  the  storeroom,  they  con- 
tain all  of  the  data  to  de- 
termine : — 

First,  the  prime  labor 
cost. 

Second,  the  prime  ma- 
terial cost. 

Third,  the  material  to  be 
credited  at  scrap  prices. 

Fourth,  the  information 
for  charging  a  machine 
rate,  if  that  form  of  dis- 
tributing uncharged  ex- 
penses is  used. 

From  the  above  an  ac- 
curate statement  of  prime 
cost  can  be  obtained;  but 
in  order  to  obtain  the 
workmen's  time  or  to  check 
the  time  book,  time  must 
be  taken  iv6\T\.  the  time 
tickets  and  entered  upon  or 
checked  against  another 
card  or  book,  and  at  the 
end  of  the  month  time 
must  be  taken  from  tickets 
still  on  the  floor,  in  order 
to  make  the  month's  record 
complete. 

The  advantages  of  this 
form  of  ticket  are  as  fol- 
lows : — 

a.  Detailed  cost  of 
pieces  and  operation  is  ob- 
tained at  once  upon  com- 
pletion of  work  and  in  a 
form  readily  filed  for  ref- 
erence. 

h.     Complete    statement 


212  THE   ENGINEERING   MAGAZINE. 

of  prime  cost  of  piece  is  secured  as  soon  as  work  is  received  in  store 
room. 

c.  Prompt  and  accurate  record  can  be  made  of  the  day's  output 
of  completed  work. 

d.  Work  in  shops  can  be  promptly  located  and  kept  well  together. 
Disadvantages  of  this  form  of  ticket  are: — 

a.  Tickets  are  a  long  time  on  their  way  through  the  shop ;  hence, 
prompt  supervision  of  the  workmen's  time  can  not  be  obtained  by  the 
"office — frequently  not  until  two  to  three  weeks  have  elapsed. 

b.  There  is  danger  of  ticket  being  lost  or  mislaid. 

c.  Tickets  are  nearly  always  soiled  or  mutilated. 

d.  Time  of  men  must  be  taken  from  the  tickets,  with  consequent 
likelihood  of  error,  and  with  much  difficulty. 

e.  Information  obtained  by  the  foreman  from  these  tickets  is 
not  as  full  as  it  might  be,  as  they  are  not  in  his  hands  long  enough 
for  careful  study. 

The  second  type  of  ticket,  shown  on  the  opposite  page,  should 
contain  spaces  for  the  following  information : — 
Name  of  the  workman  with  his  shop  number. 
Date. 

Number  and  type  of  the  machine  operated. 
Shop-order  rmmbers  of  the  pieces  worked  on. 
Names  of  the  pieces. 
Time  at  starting  the  work. 
Time  at  completion  of  work. 
Elapsed  time. 
Rate  of  the  man. 
Machine  rate  if  used. 
Foreman's  approval. 
The  advantages  of  this  type  of  ticket  are  the  following: — 

a.  Workman's  time  is  at  once  obtained. 

b.  Close  supervision  of  the  workmen  under  him,  can  be  obtained 
by  the  foreman,  as  the  detailed  record  of  the  day's  work  is  in  his 
hands  at  the  close  of  the  day's  work. 

c.  Tickets  are  kept  cleaner  and  less  liable  to  mutilation. 
Disadvantages  of  this  form  of  ticket  are : — 

a.  No  material  records  can  appear  on  this  ticket,  but  a  separate 
ticket  system  must  be  kept  for  material  accounts. 

b.  Prime  labor  costs  must  be  taken  from  a  number  of  these 
tickets  with  nothing  to  check  against ;  that  is,  the  cost  of  the  labor  on 
a  certain  piece  must  be  obtained  by  adding  up  the  cost  of  the  several 
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TIME  TICKET.      TYPE   2. 


operations  on  tliat  piece, 
which  can  be  obtained  only 
from  separate  time  tickets. 

The  third  form  of  time- 
ticket  (exemphficd  on  page 
2T4)  should  contain  spaces 
for  the  following  informa- 
tion : — 

Date. 

Name  of  workman  with 
his  shop  number. 

Shop-order  number. 

Day  or  piece  rate. 

Name  of  piece. 

Operation. 

Elapsed  time  of  opera- 
tion. 

Cost  of  operation. 

Foreman's   approval. 

With  this  form  of  ticket 
each  workman  turns  in  to 
the  foreman  for  approval 
one  to  half-a-dozen  tick- 
ets, which  after  being  ex- 
amined and  approved  by 
the  foreman  are  turned  in 
to  the  time  keeper  or  cost 
clerk ;  from  these  the  infor- 
mation is  obtained.  The 
tickets  are  usually  sorted 
according  to  workman's 
names,  and  the  time  as 
turned  in  by  the  gate- 
keeper is  checked  by  com- 
parison with  them.  They 
are  then  sorted  according 
to  shop-order  numbers,  and 
the  labor  cost  of  each 
shop-order  number  for  the 
day  is  obtained.  They  are 
then     filed     according     to 
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shop-order  numbers,  and  when  the  job  is  completed  the  tickets  can  be 
sorted  out  according  to  pieces  and  operations  and  the  detailed  costs 
thus  obtained. 


Name 

TIME  TICKET-NAME  OF  CO. 

Date 

Rate 

1 

Order  No. 

PIECE 

WORK 

No.  of 
Hours 

No.  of 
Pieces 

Correct  ..   . 

Foreman 

Thp  Engineering  Magazine 
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TIME   TICKET.      TYPE   3. 

This  form  of  ticket  has  the  following  advantages : — 

a.  The  tickets  can  be  readily  sorted  out  according  to  workmen's 
name,  pieces  worked  on,  or  operation,  and  the  extensions  taken 
from  the  tickets  without  entering  the  individual  items  in  a  book  or 
on  a  pad. 

h.  All  tickets  of  one  shop-order  number  can  be  filed  together 
with  the  shop-order  card,  thus  giving  a  complete,  detailed  record 
of  the  prime  cost  of  that  shop-order  number.  To  be  studied  when 
needed. 

c.  They  are  suitable  for  all  classes  of  work,  large  or  small ;  few 
or  many  operations,  and  for  repair  work,  construction  or  erection. 

Disadvantages  are  as  follows : 

a.  Large  number  of  tickets  makes  the  danger  of  lost  or  mislaid 
tickets  much  greater. 

b.  Cost  of  piece  or  operation,  and  time  of  man  must  be  footed  up 
from  the  tickets,  and  entered  on  another  record.  In  both  of  the  other 
types  of  tickets  one  or  other  of  these  items  can  be  footed  up  and  en- 
tered on  the  ticket  and  checked  direct. 

c.  No  material  records  are  possible  on  these  tickets. 

These  types  of  tickets  or  modifications  of  them  are  suitable  for 
different  kinds  of  work : 
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For  manufacture  of  definite  kinds  of  machines  with  Httle  or  no 
repair  work  and  few  variations,  the  first  type  of  ticket  is  unques- 
tionably the  best,  as  complete  records  of  detail  cost  are  readily  and 
promptly  accessible  for  comparison.  When  upon  making  such  a 
comparison  an  excessive  cost  is  found  for  any  operation  or  piece, 
the  tickets  at  once  show  the  man  and  the  machine  upon  which  the 
responsibility  falls  for  the  unfavorable  comparison.  The  labor  of 
obtaining  the  time  of  the  men  for  making  or  checking  a  pay  roll,  is 
but  slightly  greater  than  with  the  other  types  of  tickets. 

Where  much  repair  work  is  done  or  where  there  is  a  great  varia- 
tion in  the  amount  of  work  done  the  first  type  of  ticket  loses  much 
if  not  all  of  its  value.  It  should  be  said,  however,  that  much  de- 
pends on  the  method  of  management.  Economy  in  detailed  opera- 
tion of  machinery  must  be  produced  in  two  ways : — 

By  careful  study  of  machine  cutting,  speeds,  and  feeds,  and  the 
facility  given  by  different  kinds  of  auxiliary  machinery  such  as 
chucks,  jigs,  etc.,  and  in  setting  the  piece  in  the  machine. 

By  watching  the  workman  and  observing  how  far  he  departs  from 
the  standard  time  of  the  given  machine  and  operation. 

Where  day  work  is  used,  the  only  method  of  reducing  time  on 
work  is  to  jack  up  the  workman  whenever  he  falls  short.  The  first 
system  of  tickets  does  not  admit  of  doing  this  with  sufficient  prompt- 
ness, unless  the  duty  devolves  on  the  foreman  who  makes  the  point 
with  the  workman  at  the  time  he  approves  the  operation  on  the  ticket. 
Supervision  of  the  foreman  can  be  had  with  sufficient  promptness  by 
observing,  when  these  tickets  come  in,  whether  the  time  which  should 
have  sufficed  for  the  work  has  been  exceeded. 

With  day  work,  the  second  and  third  systems  of  tickets  can  be 
used  satisfactorily,  as  the  superintendent,  if  he  so  desires,  can  have 
these  tickets  on  his  desk  for  examination  the  morning  after  the  work 
is  done  so  that  any  dereliction  can  be  promptly  looked  after.  When 
men  are  paid  according  to  some  standard  time,  as  Taylor's,  or  some 
similar  method,  the  first  system  can  not  be  used  with  satisfaction, 
as  it  would  require  that  all  tickets  on  the  floor  or  attached  to  uncom- 
pleted work  should  be  examined  before  the  pay-rolls  can  be  made  out. 
With  weekly  pay-rolls  this  would  be  too  much  of  an  undertaking. 
It  is  true  that  separate  tickets  for  each  shop  can  be  used,  and  where 
there  are  many  operations  on  one  piece  this  may  be  necessary  in  order 
to  prevent  the  tickets  being  too  large  and  cumbersome ;  but  as  a  rule 
all  operations  on  a  piece  can  be  entered  on  one  ticket. 

Again,  the  first  form  of  ticket  does  not  lend  itself  well  to  large 
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pieces  of  work,  such  as  the  erection  of  large  machines,  where  a  num- 
ber of  entries  must  be  made  on  one  ticket.  In  fact,  this  ticket  suits 
best  for  what  might  be  called  a  manufacturer's  shop^  where  machines 
are  built  in  lots,  and  where  when  a  machine  is  ordered  the  tickets 
are  made  out  and  attached  to  the  material  as  sent  from  the  store 
room. 

The  second  and  third  types  of  tickets  are  particularly  well  suited 
to  a  careful  study  of  the  work  of  an  individual  man  as  well  as  the 
operations  which  he  performs,  as  they  come  promptly  to  the  superin- 
tendent; but  ticket  number  two  does  not  admit  of  the  cost  of  the 
operations  on  the  different  pieces  being  readily  determined.  These 
items  must  be  picked  off,  one  by  one,  and  entered  on  a  second  card 
or  in  a  book;  hence  the  increased  cost  of  the  system  and  the  greater 
liability  of  error.  The  chances  of  loss  or  mutilation  of  tickets  are 
principally  with  the  shop  men,  who  are  unaccustomed  to  handling 
papers. 

In  the  third  type,  the  tickets  after  having  been  approved  by  the 
foreman  are  sent  to  the  time  keeper,  by  whom  they  are  sorted  out 
according  to  the  names  of  the  men  and  the  time  is  taken  from  them. 
Afterward  they  are  sent  to  the  cost  clerk  and  by  him  sorted  out  by 
shop-order  number,  by  pieces  and  operation.  Here  we  have  the  addi- 
tional work  of  sorting  and  entering  on  the  cost  clerk's  records  with 
one  redeeming  feature  viz.,  thitt  all  labor  tickets,  material  tickets, 
order  card,  and  finished  weight  tickets,  can  be  filed  in  one  envelope, 
which  will  then  contain  the  complete  records  of  every  operation,  and 
by  making  the  entries  on  the  envelope  we  have  all  these  original 
records  together;  and  though  not  in  so  compact  a  form  as  the  first 
type,  they  are  much  more  complete  and  the  entries  on  the  envelope 
may  be  as  compact  as  is  desired. 

As  regards  the  cost  of  these  different  methods  of  obtaining  time : 
the  second  and  third  types  will  take  more  time  of  the  clerical  force 
than  the  first,  but  the  time  of  the  workman  when  he  makes  out  the 
ticket  himself  will  be  about  the  same  for  each  type  of  ticket. 


THE  RENAISSANCE  OF  THE  ABSORPTION 

MACHINE. 

By  Jos.  H.  Hart. 

The  rapidly  wideninti  field  of  usefulness  opening  to  mechanical  refrigeration  was  sug- 
gested by  Dr.  Hart's  article  in  our  February  issue.  A  very  definite  measure  of  the  valuable 
economic  results  in  one  direction — that  of  iron  and  steel  making — is  given  by  Dr.  Water- 
house  elsewhere  in  this  issue.  These  new  opportunities,  most  important  though  but  a  short 
time  ago  quite  unforeseen,  give  new  interest  to  the  subject  and  to  its  further  study  on  the 
side  of  mechanical  design  and  construction  as  here  pursued. — ^The  Editors. 

THE  absorption  machine  until  recent  years  has  been  out  of  the 
general  line  of  engineering  experience.  Its  history  is  unique. 
Antedating  the  compression  machine  in  time  of  development, 
it  was  practically  rendered  obsolete  by  the  latter  and  it  has  only  been 
within  the  last  decade  that  it  has  again  forged  to  the  front.  Today 
it  is  a  strong  competitor  of  the  compression  machine  in  nearly  every 
industrial  application  of  mechanical  refrigeration. 

Mechanical  refrigeration  is  no  longer  an  isolated  fact  in  engineer- 
ing. With  a  range  of  applicability  extending  from  the  cooling  of  a 
photographic  dark  room  to  the  removal  of  moisture  from  the  blast 
in  iron-furnace  operation,  its  further  efficient  utilization  as  an  energy 
reservoir  in  power-plant  practice  has  brought  it  to  the  attention  of 
the  ordinary  engineer  in  a  manner  that  demands  recognition.  The 
possibilities  of  pipe-line  refrigeration  and  the  extended  consumption 
of  power  in  small  units  for  refrigerating  purposes  serve  merely  to 
increase  its  importance.  Ammonia  is  now  recognized  as  the  most 
satisfactory  vehicle  for  the  conveyance  of  the  heat  in  the  production 
of  refrigeration  and  occupies  a  position  analogous  to  water  in  power 
production.  Of  the  two  types  of  ammonia  machines  now  in  use,  the 
compression  machine  has  attained  a  high  state  of  mechanical  effi- 
ciency, whereas  the  modern  development  of  the  absorption  machine 
has  scarcely  commenced.  Even  thus  handicapped,  the  situation  exists 
today  that  an  absorption  machine  of  the  same  refrigerating  capacity 
can  be  operated  from  the  exhaust  steam  alone  of  a  corresponding 
compression  plant,  and  some  authorities  even  put  its  capacity  at 
double  this  figure  under  the  same  circumstances.  This  sort  of  thing 
betokens  an  approaching  revolution  in  refrigerating  practice,  and  the 
reasons  for  this  state  of  affairs  and  the  probable  quality  and  extent 
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of  the  approaching  changes  are  of  the  greatest  interest  not  only  to 
the  refrigerating  speciahst,  but  to  the  general  practitioner  in  engi- 
neering as  well. 

Probably  the  greatest  obstacle  in  the  rapid  progress  of  the  ab- 
sorption machine  to  its  proper  position  in  the  refrigerating  world 
today  is  the  wholesale  lack  of  knowledge  shown  by  the  average  engi- 
neer not  only  in  regard  to  the  capabilities  and  best  conditions  for 
operation  of  the  absorption  plant,  but  even  of  the  names  and  pur- 
poses and  operations  of  the  various  units  composing  the  absorption 
plant  itself.  In  addition,  only  a  small  number  of  refrigerating  engi- 
neers have  made  a  specialty  of  this  machine,  and  although  this  num- 
ber is  rapidly  increasing,  the  remainder  (often  mindful  of  earlier 
experiences  with  this  type)  are  frankly  sceptical  in  regard  to  its  pos- 
sibilities. Further,  it  is  almost  impossible  to  find  an  operating  engi- 
neer who  can  satisfactorily  maintain  a  plant  in  efficient  operation  for 
any  considerable  length  of  time.  This  is  sometimes  due  to  lack  of 
knowledge  or  experience,  but  more  often  to  an  experience  obtained 
with  old-style  absorption  machines,  many  of  which  still  operate  and 
maintain  a  dreary  and  inefficient  existence.  The  situation  can  be 
summed  up  briefly  by  the  statement  that  the  modern  absorption  ma- 
chine is  struggling  against  a  powerful  competitor  and  against  all  the 
evil  influences  left  by  its  inefficient  prototype.  All  these  conditions 
are  merely  temporary,  however,  and  the  absorption  machine  will 
soon  attain  its  rightful  position  in  the  refrigerating  world,  for  the 
movement  attains  impetus  as  it  progresses. 

The  reasons  underlying  the  curious  historical  behavior  of  the  ab- 
sorption machine  are  not  hard  to  find  nor  difficult  to  understand. 
Developed  originally  at  a  time  of  universally  low  efficiency  in  the 
entire  mechanical  world,  it  was  generally  constructed  in  a  haphazard 
manner,  which  was  practically  inevitable  because  of  almost  complete 
lack  of  knowledge  in  regard  to  the  physical  properties  of  ammonia 
gas  in  connection  with  water  or  aqua  ammonia.  Isolated  in  the 
character  of  its  operation  from  other  mechanical  developments,  it  did 
not  at  once  respond  to  the  movement  for  increased  efficiency,  and 
the  improved  and  efficient  compressor  on  its  advent  into  refrigeration 
found  an  easy  victim.  The  apparent  ease  and  simplicity  of  its  opera- 
tion, however,  has  made  it  since  then  a  favorite  subject  for  much 
misdirected  and  expensive  engineering  experimentation,  which  has 
not  tended  to  increase  its  reputation.  The  compression  machine  has 
been  slowly  and  steadily  developed  to  its  maximum  efficiency  under 
existing  conditions.  Further  improvements  are  possible  in  minor  de- 
tails only,  and  the  problems  of  the  compression  machine  have  become 
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the  problems  oi  power  and  its  more  efficient  utilization.  Engineering 
attention  was  then  turned  to  the  possibilities  of  the  absorption  ma- 
chine for  further  advance  and  its  progress  has  become  rapid  and 
certain. 

Now  in  order  to  understand  more  fully  these  possibilities  and  to 
obtain  a  clearer  comprehension  of  the  problems  involved  in  this 
development  and  the  special  reasons  for  the  former  low  efficiency  of 
this  type,  it  will  be  necessary  to  make  a  brief  resume  of  the  operation 
of  the  absorption  machine  from  both  a  theoretical  and  practical  view- 
point. The  action  of  the  absorption  machine  in  the  production  of 
refrigeration  is  identical  with  that  of  the  compression  plant.  In  both 
cases,  the  ammonia  gas  is  compressed,  it  is  carried  under  pressure 
into  the  condenser,  where  it  is  cooled  by  cold  water  and  condensed, 
and  then  the  liquid  ammonia  thus  produced  is  allowed  to  boil  away  in 
the  shell  cooler  or  cooling  coils  under  a  suitable  pressure  and  it  there 
absorbs  its  latent  heat  of  evaporation  from  surrounding  bodies,  thus 
producing  the  refrigeration.  In  the  compression  system,  the  com- 
pressor serves  two  purposes.  The  apparatus  compresses  the  gas  to  a 
sufficient  pressure  for  condensation,  and  its  suction  side  carries  off 
the  ammonia  gas  from  the  cooling  coils,  thus  maintaining  a  definite 
pressure  there  and  hence  a  definite  boiling  point  for  the  liquid  am- 
monia. In  the  absorption  system,  these  two  duties  of  the  compressor 
are  performed  by  two  machines,  known  respectively  as  the  generator 
and  absorber,  which  utilize  the  peculiar  absorptive  power  of  water 
for  ammonia  at  ordinary  temperature  and  the  loss  of  this  property 
by  water  with  rise  in  temperature.  In  the  generator,  strong  aqua 
ammonia  is  heated  by  steam  pipes,  which  are  connected  to  the  boiler, 
and  the  ammonia  gas  is  evolved  and  compressed  in  precisely  the 
same  manner  that  pressure  is  produced  in  a  steam  boiler.  The  pro- 
cess is  made  continuous  by  allowing  the  strong  aqua  ammonia  to 
enter  at  the  top,  becoming  heated  and  losing  its  charge  as  it  descends, 
and  emerging  at  the  bottom  as  hot,  weak  aqua  ammonia.  It  is  then 
cooled  and  admitted  to  the  absorber,  when  it  rapidly  absorbs  the 
ammonia  gas  coming  from  the  cooler  and  performs  the  suction  duty 
of  the  compressor.  It  gets  rapidly  hot  here  due  to  the  heat  of  absorp- 
tion of  ammonia  gas  in  water  and  it  must  be  kept  cool  in  order  to 
retain  its  absorptive  power.  This  is  accomplished  by  cold  water  in 
pipes  traversing  the  absorber.  The  aqua  ammonia  leaves  the  absorber 
as  cold,  strong  aqua  ammonia  and  is  heated  partially  before  it  again 
enters  the  generator  to  repeat  the  cycle.  This  completes  the  theoreti- 
cally necessary  units  in  an  absorption  plant,  with  the  exception 
of  a  slow-speed  pump  for  forcing  the  strong  aqua  ammonia  back  into 
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the  generator  against  the  pressure  of  the  hot  ammonia  gas.  Operated 
thus  simply  the  process  is  extremely  inefficient.  The  heat  waste  is 
enormous,  since  the  aqua  ammonia  is  heated  continuously  at  one 
point  in  its  cycle  and  cooled  constantly  at  another.  The  quantity  of 
water  used  for  cooling  purposes  is  extremely  large,  and  to  cap  tht 
climax  there  may  be  very  little  refrigeration  produced,  and  in  ex- 
treme cases,  none.  This  latter  condition  is  due  to  the  occurrence  in 
the  generator  of  a  phenomenon  equivalent  to  priming  in  a  steam 
boiler  and  to  the  additional  production  of  steam  or  water  vapor  in  the 
generator  along  with  the  ammonia  gas.  This  water  vapor  enters  the 
condenser  and  ^*s  changed  into  water  when  the  ammonia  gas  is  con- 
densed. It  then  and  there  absorbs  the  ammonia,  so  that  if  there  is 
enough  water  condensed,  no  liquid  ammonia  is  left  and  only  strong 
aqua  ammonia  enters  the  cooling  coils  and  it  does  not  of  course 
evaporate  and  produce  refrigeration. 

As  a  result  of  this  condition  of  affairs  two  extra  units  were  in- 
stalled in  the  standard  absorption  plant.  They  are  known  respectively 
as  the  exchanger  and  dehydrator  and  their  names  denote  their  pur- 
pose. The  exchanger  is  a  device  whereby  the  hot  weak  liquor  as  it 
leaves  the  generator  is  used  to  heat  the  cold  strong  liquor  as  it  enters 
at  the  top  of  the  generator,  and  the  cold  strong  liquor  as  it  leaves 
the  absorber  in  turn  cools  off  the  weak  hot  liquor  as  it  enters  the 
absorber.  The  economy  of  this  device  is  an  economy  of  heat  and  of 
condensing  water  as  well.  The  dehydrator  is  a  device  which  partially 
cools  the  ammonia  gas  and  which  condenses  the  water  vapor  and 
returns  it  to  the  generator  and  allows  almost  dry  ammonia  gas  to 
enter  the  condenser. 

These  five  units,  therefore — the  generator,  the  absorber,  the  ex- 
changer, the  dehydrator  and  the  ammonia  pump — perform  the  same 
duty  in  the  absorption  system  as  the  compressor  in  a  compression 
plant  and  the  remaining  mechanism  in  both  cases  is  almost  identical. 
With  the  exception  of  the  pump,  however,  these  units  consist  merely 
of  assemblages  of  pipes  and  castings  and  are  comparatively  simple  in 
construction  and  require  very  little  attention.  The  efficiency  of  such 
a  plant  has  been  found  within  wide  limits  to  be  a  function  of  the  de- 
sign of  the  machinery  and  the  skill  of  the  operating  engineer  almost 
exclusively.  A  generator  of  modern  design  eliminates  priming  almost 
entirely  and  allows  the  utilization  of  very  low-pressure  steam,  often 
the  exhaust  from  other  plants,  and  makes  the  production  of  water 
vapor  a  minimum,  thus  diminishing  the  work  required  of  the  dehy- 
drator.    A  properly  designed  dehydrator  under  these  circumstances 
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will  produce  an  ammonia  gas  99.5  per  cent  pure.  As  an  illustration 
of  the  care  and  skill  required  in  the  operation  of  such  a  plant,  it  can 
be  stated  that  a  difference  of  a  few  degrees  only  in  the  temperature 
of  the  ammonia  gas  as  it  leaves  the  dehydrator  means  a  large  cut  in 
the  refrigerating  capacity  of  the  plant.  A  properly  designed  water 
system,  utilizing  the  greatest  possible  heat  capacity  of  the  water  for 
cooling,  by  arranging  the  various  units  in  suitable  series,  has  been 
able  to  cut  the  water  consumption  enormously  and  to  make  it  on  a  par 
with  the  compression  system  in  regard  to  this  item.  Even  with  this 
showing,  the  designs  are  in  every  case  purely  tentative.  No  standard 
results  have  been  attained,  and  none  can  be  attained  without  a  more 
complete  knowledge  of  the  physical  constants  for  aqua  ammonia 
under  various  conditions  of  pressure  and  temperature  and  in  con- 
tact with  ammonia  gas.  These  are  slowly  forthcoming,  but  there  is  a 
large  mass  of  data  required  and  it  will  be  some  time  before  this  is 
complete.  Even  under  these  conditions,  it  is  now  recognized  that  the 
absorption  machine  has  returned  to  stay  and  its  relations  to  the  com- 
pression machine  are  well  defined. 

For  small  refrigerating  units  the  compression  system  is  much 
superior,  not  on  account  of  increased  efficiency  in  regard  to  coal  con- 
sumption, but  on  account  of  its  much  smaller  first  cost  and  on. account 
of  the  labor  item,  since  a  small  compressor  can  almost  run  itself;  and 
indeed  there  are  a  num.ber  of  small  automatic  machines  of  the  latter 
type  at  present  on  the  market.  But  as  the  refrigerating  units  are  in- 
creased, the  comparative  cost  of  the  absorption  machine  rapidly  de- 
creases until  at  20-tons  capacity  it  is  quite  on  a  par  with  the  com- 
pression plant  when  all  the  determining  factors  are  considered. 
Above  this  capacity  its  superiority  is  more  or  less  pronounced,  de- 
pending on  the  nature  of  the  refrigeration  required,  and  it  seems 
destined  to  increase  this  lead  very  much.  At  present,  as  has  been 
said,  the  issue  has  been  much  obscured,  and  many  of  its  more  remote 
advantages  are  still  subjects  of  considerable  discussion.  The  nature 
of  the  refrigeration  required  is  a  strong  factor  in  determining  the 
relative  efficiency  of  the  two  machines.  For  mild  refrigeration  the 
compression  machine  holds  its  own  fairly  well,  but  for  extreme 
refrigeration  the  absorption  machine  possesses  a  decided  advantage 
which  follows  as  a  result  from  the  fundamental  principles  involved 
in  their  operation.  Compressors  are  designed  to  work  on  a  condens- 
ing pressure  of  185  pounds  and  a  suction  pressure  of  15  pounds,  and 
under  these  conditions  are  rated  per  ton  refrigerating  capacity  in  24 
hours'   operation   as   equivalent  in   refrigeration   to  melting  ice  per 
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ton  in  24  liours.  If  the  suction  pressure  is  diminished  the  capacity 
of  the  compressor  for  ammonia  gas  is  diminished,  provided  the  speed 
remains  constant,  and  the  refrigerating  capacity  of  the  machine  falls 
off  rapidly,  since  this  depends  simply  on  the  amount  of  ammonia  gas 
liquified  in  the  condenser.  Now  the  temperature  of  boiling  liquid 
ammonia  depends  directly  -on  the  vapor  pressure  above  it,  and  this 
must  be  diminished  very  much  below  normal  in  order  that  the  am- 
monia shall  cool  off  to  the  temperature  required  in  extreme  refrigera- 
tion. Under  exceptional  circumstances  the  rated  capacity  of  a  com- 
pression plant  may  be  cut  in  half  if  an  extremely  low  temperature 
is  required  in  the  cooler.  The  absorption  machine,  on  the  other 
hand,  works  better,  if  anything,  for  the  lower  temperature.  The  weak 
cool  aqua  ammonia  possesses  sucli  an  avidity  for  the  ammonia  gas 
that  its  pressure  on  the  suction  side  is  never  allowed  to  increase  very 
much  above  the  atmosphere  even  for  rather  warm  liquor,  and  a  slight 
fall  in  the  temperature  of  the  liquor  will  carry  the  pressure  consider- 
ably below  that  of  the  atmosphere  and  produce  a  partial  vacuum. 
This  latter  feature  is  often  objectionable  in  practice,  since  the  air  in 
solution  in  the  aqua  ammonia  is  then  liberated  and  often  the  weak 
liquor  syphons  back  from  the  absborber  into  the  cooler  where  the  heat 
of  absorption  by  the  water  counterbalances  the  refrigerating  efifect 
produced  by  evaporation.  This,  however,  is  merely  another  factor 
which  makes  the  operation  of  the  absorption  machine  a  difficult  mat- 
ter for  an  operating  engineer  not  thoroughly  familiar  with  his  busi- 
ness, and  is  not  an  insurmountable  difficulty  or  one  that  militates 
against  the  plant  to  any  great  extent. 

Not  only  are  the  two  different  types  especially  adapted  for  their 
own  particular  field,  since  for  mild  refrigeration  the  rated  capacity 
of  the  compressor  is  often  much  increased  as  well  and  the  com- 
pression itself  is  carried  on  more  efficiently  on  account  of  the  high 
initial  pressure,  but  in  many  other  respects  the  two  machines  fit  har- 
moniously together  in  the  division  of  the  field  of  labor.  A  com- 
pression machine  utilizes  high-pressure  steam  in  running  the  com- 
pressor and  the  engine  unit  is  often  compound  with  superheated 
steam.  An  absorption  machine  utilizes  merely  the  heat  in  the  steam, 
and  high-pressure  superheated  steam  is  not  much  of  an  advantage  in 
this  type.  The  absorption  machine  utilizes  more  heat  in  its  operation 
than  the  compressor  does,  but  it  utilizes  almost  all  the  heat  that  comes 
from  the  boiler  in  some  way  or  other,  whereas  the  engine  running  the 
compressor  wastes  an  enormous  amount  of  heat  in  its  exhaust,  and  in 
a  comparison  of  the  total  heat  taken  from  the  boiler  in  the  two  cases 
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the  absorption  machine  has  a  decided  advantage.     Again,  in  the  ab- 
sorption machine,  the  latent  heat  of  steam  is  the  important  factor,  as 
the  steam  heats  up  the  aqua  ammonia  by  its  own  condensation.    The 
latent  heat  of  steam  is  a  function  of  the  pressure  and  temperature  at 
which  the  change  of  state  occurs,  and  if  the  steam  is  produced  at  a 
sufficiently  high  temperature  and  pressure  its  latent  heat  of  evapora- 
tion or  condensation  becomes  zero.    Thus  the  total  heat  in  a  pound  of 
high-pressure  superheated  steam  is  only  slightly  greater  than  that  in 
a  pound  of  steam  produced  at  atmospheric  pressure,   although  its 
available  heat  for  power  purposes  is  much  greater.     Thus  we  come 
to   a   decided   disadvantage   of  the   absorption   machine.      It  cannot 
utilize  -superheated  or  high-pressure   steam  with  the  corresponding 
increase  in  efficiency  that  is  possible  in  the  operation  of  a  compres- 
sion plant  with  this  steam.     Thus  its  development  has  been  largely 
confined  to  the  utilization  of  exhaust  steam  from  compression  plants, 
or  from  any  other  source  whatsoever.     Generators  are  now  built  to 
operate  satisfactorily  on  a  steam  pressure  of  i  pound  or  less,  although 
in  actual  practice  the  pressure  may  rise  to  3  or  4  pounds  and  this 
pressure  is  not  an  objectionable  feature  except  in  compound  con- 
densing engines.     Its  relative  value  in  comparison  to  this  latter  feat- 
ure in  pOAver-plant  development  has  not,  as  yet,  been  satisfactorily 
solved,  but  in  refrigeration  alone  its  position  is  assured.     Thus  if  we 
assume  that  a  compression  plant  of  lOO-tons  refrigerating  capacity  is 
able  commercially  to  produce  8  tons  of  ice  to  i  ton  of  coal  consumed, 
then  a  modern  low-pressure  absorption  system  of  the  same  capacity 
can  produce  11  tons  of  ice  to  the  ton  of  coal  consumed,  whereas  a 
50-ton  compression  plant  run  in  conjunction  with  a  50-ton  absorp- 
tion plant,  the  exhaust  steam  from  the  former  being  used  to  operate 
the  latter,  is  able  to  produce  commercially  14  tons  of  ice  to  i  ton  of 
coal  consumed.    Of  course,  these  figures  are  relative  merely,  since  a 
compression  machine  often  operates  in  practice  on  a  5-to-i   basis, 
and  in  a  series  of  tests  under  efficient  conditions  may  rise  as  high  as 
1 1 -to- 1  proportion,  but  the  relative  values  are  closely  approximate. 
Offset  against  these  figures  are  the  relative  costs  of  installation  and 
maintenance ;  but  these  differences  are  not  as  great  as  is  supposed, 
since  compression  plants  of  this  size  use  compound  condensing  engines 
of  high  efficiency  and  high  first  cost. 

This  brings  us  now  to  the  subject  of  the  absorption  machine  and 
its  relation  as  a  refrigerant  to  certain  external  conditions,  notably  its 
utilization  of  excess  power  in  the  operation  of  a  power  plant.  Of 
course,  in  the  operation  of  power  plants  for  the  trolley  and  lighting 
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service,  the  load  is  variable  and  is  often  greatly  in  excess  of  the 
average  load  throughout  the  day.    At  one  time  this  excess  load  v^as 
cared  for  by  storage  batteries,  but  their  cost  of  maintenance  was  such 
that  it  was  found  cheaper  to  install  a  plant  capable  of  caring  for  the 
peak  of  the  load  continuously.     There  has  been  a  more  or  less  suc- 
cessful attempt  to  create  a  inarket  for  the  intermittent  excess  power 
that  results  under  these  conditions,  and  the  utilization  of  electricity 
as  the  motive  power  for  a  large  number  of  sm.all  refrigerating  ma- 
chines of  the  compression  type  has  aided  the  development  of  the  lat- 
ter machine.     The  non-continuous  character  of  this  available  power 
renders  it  objectionable  for  much  work,  but  has  no  effect  in  refrigera- 
tion if  a  cold-brine  storage  tank  is  used  to  tide  over  the  inactive  inter- 
vals.    Thus  this  development  is  especially  adapted  for  this  excess 
power,  and  many  power  plants  now  have  their  own  compressor  to 
utilize  their  excess  power  and  convert  it  into  refrigeration,  which 
may  in  turn  be  stored  in  a  large  brine  tank  and  used  with  greater  or 
less  regularity  in  a  cold-storage  plant  or  ice  factory.     But  now  the 
absorption  machine  can  utilize  the  exhaust  steam  in  still  more  refrig- 
eration, and  we  are  led  to  the  possibility  of  the  elimination  of  com- 
pound condensing  engines  and  the  more  efficient  utilization  of  the 
total  energy  involved,  when  all  the  factors  of  first  cost  and  main- 
tenance and  operation  are  considered.     Of  course,  this  seems  a  mere 
possibility  at  present,  but  every  little  improvement  in  the  absorption 
machine  strengthens  its  position  and  it  is  merely  at  the  beginning  of 
its  development.     It  will  probably  never  entirely  supersede  the  com- 
pression machine,  with  its  compactness  and  ease  of  operation  in  small 
units,  but  it  will  materially  modify  its  utilization  in  every  one  of  its 
practical  applications. 

Now  the  only  things  remaining  to  consider  are  the  nature  and 
character  of  the  improvements  in  the  absorption  machine  which  are 
impending.  Betterments  in  efficiency  are  almost  of  daily  occurrence 
and  the  limit  is  not  in  sight.  Radical  changes  involving  the  elimina- 
tion of  the  water  and  the  water  vapor  are  not  impossible.  Other  sub- 
stances have  been  discovered  with  an  even  greater  affinity  for  am- 
monia than  water,  and  only  await  commercial  development.  The 
steam  ammonia  pump  will  probably  be  replaced  by  some  special  form 
of  the  injector  and  the  use  of  steam  itself  may  be  eliminated.  The 
only  great  advance  possible  in  the  compression  system,  on  the  other 
hand,  is  its  advent  into  the  rotatory  field,  so  that  the  absorption  ma- 
chine is  destined  to  hold  a  position  of  greater  and  greater  importance 
with  the  lapse  of  time. 


METHODS  OF  THE  SANTA  FE.     EFFICIENCY  IN 
THE   MANUFACTURE  OF  TRANSPORTATION. 

By  Charles  Buxton  Going. 

III.     MANUFACTURING    POLICIES   FOR   THE    ECONOMICAL   MAINTENANCE 

OF   MOTIVE   POWER. 

The  series  of  which  this  article  is  the  third  began  in  our  March  issue.  Preceding  parts 
have  summarized  the  chief  problems  of  the  Santa  Fe  and  their  solution,  and  the  stores- 
keeping  system  in  its  relations  to  the  mechanical  department  and  the  manufacturing  organiza- 
tion in  the  shop.  The  article  in  this  issue  defines  the  general  outline  of  the  •"efficiency 
methods,"  and  a  following  installment  will  trace  the  extension  of  the  bonus  plans.  A  con- 
cluding paper  in  July  will  cover  the  apprenticeship  system  and  other  characteristic  relations 
with  employees. — The  Editors. 

THE  demonstration  of  Santa  Fe  methods  which  has  been  most 
noticed  is  the  ''betterment  work,"  carried  out  extensively  in 
the  mechanical  department,  particularly  in  the  work  of  re- 
pairing locomotives  and  freight  cars,  handling  miscellaneous  supplies 
on  engines,  and  in  other  shop  and  road  operations.  The  principal 
elements  of  this  work  have  been,  first,  the  centralization  of  manufac- 
ture at  shops  best  fitted  to  do  the  work  for  the  entire  system,  with 
consequent  withdrawal  of  work  and  to  some  extent  of  machines  from 
outside  points;  second,  standardization  of  parts,  of  tools,  and  of 
operations ;  third,  supervision  of  tools  and  methods,  the  origination 
and  application  of  special  tools,  jigs,  and  devices  to  facilitate  labor 
and  increase  output,  and  the  betterment  of  machines,  motors,  shaft- 
ing, pulleys,  belting,  etc.,  so  as  to  remove  causes  of  inefficiency  and 
delay ;  fourth,  the  reduction  of  labor  costs  and  the  increase  of  effici- 
ency in  all  shops,  main  and  secondary,  by  the  application  of  a  system 
of  individual  reward  for  effort  through  payment  of  a  bonus  based 
upon  efficiency. 

No  wisdom  expressed  in  the  advanced  manufacturing  systems  of 
the  day  is  greater  than  the  wisdom  of  recognizing  that  the  efficiency 
of  the  whole  organization  is  the  efficiency  of  the  individual  workman, 
and  that  the  efficiency  of  the  workman  is  secured  and  stimulated  by 
providing  an  adequate  reward  proportioned  to  his  production.  In  de- 
vising and  applying  m.ethods  which  make  it  manifestly  to  the  men's 
interest  to  produce  with  high  efficiency,  the  Santa  Fe  is  abreast  with 
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the  foremost  industrial  ideals 
of  the  times,  and  far  in  ad- 
vance of  most  business  con- 
cerns. And  this  is  pecuHarly 
noteworthy  because  the  course 
is  not  taken  under  spur  of  the 
direct  competition  that  drives 
manufacturers  wiUingiy  or  un- 
wilHngiy  to  progress.  It  is  in- 
spired and  guided  by  a  vivid 
reahzation  and  an  energizing 
acceptance  of  the  great  econo- 
nomic  commandment  "Thou 
shalt  not  waste.''  The  results- 
are  significant  in  the  figures  of 
net  earnings,  but  they  have  a. 
far  wider  meaning  yet  in  nat- 
ional and  universal  economy. 
They  point  to  possibilities  in. 
the  conservation  of  finances 
which  would  lead  directly  to- 
enormous  expansion  of  finan- 
cial support  for  railway  enter- 
prises. 

The  purposes  in  view  in  all 
this  work  have  been  not  only 
reduction  of  maintenance  cost,, 
but  the  restoration  of  harmoni- 
ous and  cordial  relations  based: 
on   mutual    respect   and   confi- 
dence   between    employer    and' 
employee ;  the  improvement  of 
the   condition    of    the    worker, 
with    simultaneous    attachment 
to  the  company  of  more  reliable- 
and     trustworthy     employees ; 
the   automatic  increase    (with- 
out fixed  limit)   of  the  pay  oT 
good  men,  according  to  results 
dependent   wholly   on   the  men- 
and    not    on    their    immediate- 
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JAPANESE   HANDY    MACHINIST   OPERATINC    WHEEL  LATHE,    NEEDLES,   CALIFORNL\. 

One  man  at  $3.50  formerly  finished  one  pair  per  day  and  put  in  another  ready  for  turning. 
The  Jap  does  two  pairs  of  tank  wheels  and  a  pair  of  trailers,  at  $1.80  per  day. 

superiors ;  the  increase  of  shop  capacity  without  addition  of  new 
equipment ;  the  increase  of  the  rehabiHty  of  work  turned  out  or  of 
the  efficiency  of  work  done — and  the  accomplishment  of  all  these 
things  not  only  without  cost  to  the  railroad  company,  but  with  marked 
reduction  in  its  expenses. 

The  first  three  of  the  elements  above  referred  to — that  is,  cen- 
tralization, standardization,  and  improvement  of  shop  operations  and 
methods — were  set  forth  in  some  detail  in  Mr.  Jacobs*  articles  which 
were  published  in  the  issues  of  this  Magazine  from  July,  1906,  to 
January,  1907.  They  are  effectively  shown,  further,  in  the  many 
illustrations  collateral  with  the  text  of  this  article.  We  may  therefore 
concentrate  our  attention  especially  upon  the  operation  of  the  effi- 
ciency system  in  connection  with  this  work — that  is,  with  the  appli- 
cation of  standard  schedules  and  bonus  payments  to  the  maintenance 
and  repair  of  locomotives  and  cars.  This  is  the  main  item  of  ex- 
penditure under  the  jurisdiction  of  the  motive-power  department,  the 
total  outlay  being  divided  between  labor  and  material  in  nbout  the 
proportion  of  two-thirds  and  one-third  respectively.  In  the  aggre- 
gate it  amounts  to  some  $10,000,000  annually,  and  it  therefore  aft'ords 
an  opportunity  not  only  financially  important  in  itself,  but  conspicu- 
ously prominent  as  an  example  for  emulation  in  other  departments 
of  the  road.     The  comparative  figures  of  performance  and  expenses 
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of  the  mechanical  department  show  that  as  between  1907  and  1908 
the  cost  of  all  locomotive  repairs  was  reduced  from  $5,521,218  10  $4,- 
590,827;  the  cost  per  assigned  engine  fell  from  $3,246  to  $2,585,  and 
the  cost  per  locomotive  mile  from  $0,108  to  $0,101.  The  decrease  in 
total  cost  for  the  mechanical  department  in  1908,  as  compared  with 
1907,  was  $3,337,292,  though  this  cost  included  an  increase  of  $202,- 
154  in  bonus  payments,  and  the  power  was  kept  in  better  condition 
as  shown  by  an  average  of  2,254  miles  more  per  engine  failure* — an 
improvement  of  54  per  cent. 

The  Santa  Fe  road  follows  the  system  of  assigning  engines  to  a 
regular  and  permanent  crew,  instead  of  pooling  them,  under  the  con- 
viction that  this  secures  a  very  much  higher  interest  in  and  higher 
care  for  the  motive  power.  The  engineer  is  individually  interested 
in  his  machine,  feels  an  individual  moral  responsibility  for  its  condi- 
tion and  its  repairs,  an  individual  anxiety  that  it  shall  make  its  as- 
signed mileage  between  general  repairs,  and  an  individual  pride  if  it 
exceeds  that  mileage.  Repairs  considered  necessary  are  commonly 
reported  first  by  the  locomotive  engineer,  or  specially  by  the  road 
foreman  of  engines.  In  the  latter  case  the  repairs  are  usually  made 
without  further  inquiry.  In  the  former  case  they  pass  under  the 
decision  of  the  general  foreman  or  the  roundhouse  foreman.  In 
addition,  an  inspector  goes  over  the  engine  every  time  it  comes  into 
the  roundhouse  ;t  roundhouse  foremen  are  also  required  to  keep  in 
touch  with  engineers  as  to  the  condition  of  their  engines,  and  hostlers 
and  wipers  are  encouraged  to  report  any  defects  they  may  find  which 
have  escaped  the  eye  of  others.  And  after  all  this,  several  master 
mechanics  remarked  to  me,  independently :  "I  make  close  inspection 
of  my  power  myself." 

If  repairs  requested  by  an  engineer  are  not  made  he  is  directed 
by  recent  general  orders  to  write  a  statement  to  the  mechanical  super- 
intendent, sending  copies  of  the  same  letter  to  the  master  mechanic 
of  his  division.  The  round  house  foreman  submits  weekly  reports  of 
all  repairs  asked  for  but  not  made,  with  a  statement  of  reasons  in 
each  case.  These  reports  go  to  the  master  mechanic,  the  mechanical 
superintendent,  and  the  superintendent  of  motive  power.  The  ef- 
fectiveness of  this  system  must  be  judged  by  results  of  two  kinds — 
the  condition  of  the  power,  and  the  cost.  A';  to  the  former,  engine 
failures  have  been  brought  down  from  1 1,880  in  1907  to  onlv  6,052  in 

♦  An  "engine  failare"  on  the  Santa  Fe  is  any  trouble  with  a  locomotive  causing:  a  delay 
to  the  train  of  nve  minutes  or  more  arriving  at  or  leaving  terminals,  or  causing  a  delay  of 
five  minutes  to  another  train,  and  every  engine  failure  means  an  investigation. 

t  The  employment  of  special  inspectors  was  not  in  use  at  all  points  at  the  time  when 
these  studies  were  made. 
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1908,  of  which  but  one- 
third  were  in  passenger 
service.  This  is  but  one 
failure  per  6,400  miles. 
It  is  interesting  to  see  the 
play  of  expression  on  the 
face  of  a  Santa  Fe  mas- 
ter mechanic  as  he  in- 
quires  each  morning, 
''What  is  on  the  87  re- 
port""^' for  his  division — 
the  sunshine  of  his  looks 
if  his  division  has  a  clear 
record,  or  the  sudden 
cloud  if  his  engine  fail- 
ures loom  up  large.  The 
natural  tendency  under 
such  conditions  would  be 
toward  over-anxiety  and 
over-expenditure  for  re- 
pairs. But  here  the  bonus 
system  interposes  a  coun- 
tercheck. In  fact,  the 
power  out  of  service  for 
repairs  at  the  end  of 
1907  was  but  13  per  cent, 
and  for  many  months 
of  1908  it  averaged 
but  14.9  per  cent,f  including  in  the  total  even  repairs  detaining  en- 
gines but  twenty-four  hours.  The  figure  for  the  road  used  to  be  25 
per  cent.  The  corresponding  labor  costs  are  best  shown  by  the  fig- 
ures obtained  from  the  President's  annual  report  for  the  system. 
The  table  below  shows  the  progress  of  economy  in  the  labor  account 
for  engine  repairs  over  a  five-year  period. 
Fiscal  Year. 


1902-3. 
1903-4. 
1904-5 . 
1905-6. 
1906-7. 
1907-8. 


INTERIOR    SANTA    FE    ROUNDHOUSE,    NEEDLES,    GAL. 
Showing  8-ton  crane  on  circular  track. 


Labor  Cost. 

Locomotives 

Cost  per 

Owned. 

Engine. 

$2,362,040 

1,309 

$1,804 

3,000,122 

1,433 

2,094 

3,336,963 

1,454 

2,309 

2,739,195 

1,633 

1,677 

2,800,250 

1,791 

1,564 

2,763,825 

1,851 

1,493 

*  The  chief  dispatcher's  report  of  delays  to  trains. 

t  A  corresponding  gain  has  been  made  in  the  handling  of  bad-order  cars.  The  cost  per 
car  repaired  fell  from  $5.07  in  190?  to  $4.22  in  1908,  equal  to  a  reduction  from  $0.2037  to 
$0.1861  per  1,000  gross  freight  ton -miles. 
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NEW   AND  OLD    METHODS   OF  OILING  TRUCKS,   SANTA   FE    YARDS,   LOS    ANGELES.   CAL. 

The  old  method,  shown  below,  required  one  man  one  hour  per  car;   the  new  method  using 

compressed-air  spray,  illustrated  above,  takes  two  men  about  5  niinutes  per  car. 

As  already  noted  repairs  are  classed  as  roundhouse  or  running, 
light,  or  heavy  repairs  as  the  case  may  be.  As  soon  as  repairs  become 
extensive  enough  to  be  classed  as  ''light,"  they  are  effected  under  a 
time  schedule,  fixing  the  number  of  days  the  engine  may  be  held  in 
the  shop.  Full  time  schedules  are  worked  out  for  light  repairs,  heavy 
repairs,  and  general  repairs,  the  "heavy  repair"  schedule  being  given 
herewith  as  an  example.     (See  pages  248  and  249.) 
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Time  Schedule  of  Heavy  Repairs. 


FIRST   DAY. 

Engine  in  shop. 

Wheels  out  from  under  engine. 
Rods  removed. 
Driving  boxes  removed. 
Pistons  and  guides  removed. 
Ash  pan  down  and  delivered  to  de- 
partment. 

SECOND    DAY. 

All  material  delivered. 
Engine  stripped. 
Valve  bushing  out. 
All  parts   delivered   to   their   respec- 
tive departments. 

THIRD    DAY. 

Valve  bushing  machined. 
New  cylinders  machined. 
Flues  out. 

All  machinery  cleaned. 
Smoke  arch  removed. 
Stay  bolts  inspected. 

FOURTH    DAY. 

Frames  welded,  or  new,  or  straight- 
ened. 
Valve  rods,  yokes  and  stems  forged. 
Throttle   rigging   forged. 
Motion  work  forged. 
Grate  rigging  forged. 
Cylinders  patched. 

FIFTH    DAY. 

Valve  bushings  in. 
Frames  and  decks  machined. 
Eccentrics  and  straps  machined. 
Steam  chest  work  machined. 
Cylinder  bushings  machined. 
Valve    rods,    yokes    and    stems    ma- 
chined. 

Piston  rods  forged. 
Cylinders  bored. 

Guides,  guide  blocks  and  guide  yokes 
forged. 

SIXTH    DAY. 

Brake  rigging  forged. 

Springs  and  rigging  forged. 

Rods  forged. 

Driving  boxes  machined. 

Tumbling  shaft  and  boxes  machined. 

Steam  and  dry  pipes  machined. 

Guide  yoke  machined. 

Throttle  valve  and  rigging  machined. 

Brake  cylinder  machined. 

New  cylinders  up. 

Cylinder  bushings  in. 

seventh   day. 
Cab  work  machined. 
Cylinder  heads  machined. 
Guide  yoke  up. 
Frames  and  decks  on  and  bolted. 

EIGHTH  day. 
Rocker  boxes  machined. 


Crossheads  machined. 

Spring  and  brake  rigging  machined. 

Guides  and  blocks  machined. 

Piston  rods  and  heads  machined. 

Engine  truck  work  forged. 

Binders  forged. 

Brake  cylinders  up. 

Back  cylinder  heads  up. 

Wheels  ready. 

Machine  work  for  link  gang. 

Machine  work  for  guide  and  piston 

gangs  completed. 
All  forged  work  done. 
Guides  and  crossheads  ready. 
Rocker  boxes  empty. 
Tumbling  shaft  ready. 
Reverse  lever  and  reach  rod  ready. 
Wheels  ready. 

NINTH    DAY. 

Grate  rigging  machined. 
Binders  machined. 
Rocker  boxes  up. 
Tumbling  shaft  up. 
Reach  road  and  reverse  lever  up. 
Guides  up. 

Flue  sheets  and  stay  bolts  in. 
Flues  in. 

Machine    work    for    rod   gang    com- 
pleted. 

Running  board  brackets  up  and  lined. 
Cab  on. 
Running  boards  on  engine. 

TENTH    DAY. 

Fitting  for  test  on  and  up. 
Throttle  valve  up. 
Throttle  rigging  up. 
Dry  pipe  in  engine. 
Boiler  tested. 
Boiler  work  completed. 
Engine  truck  work  machined. 
Shoes  and  wedges  laid  off. 
Miscellaneous    machine    work    com- 
pleted. 
Steam  chest  work  ready. 
Drill  press  work  done. 
Truck  equalizer  fulcrum  up. 
Center  casting  up. 

ELEVENTH    DAY. 

Springs  up. 

Eccentrics  and  straps  on  axle. 

Engine  truck  ready. 

Steam  chest  work  up. 

Lagging  on. 

Shoes  and  wedges  planed. 

Floor  work  before  wheeling  com- 
pleted. 

Driving  box  work  before  wheeling 
completed. 

Motion  work  ready. 
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Time  Schedule  of  Heavy  Repairs  (Concluded). 

Steam  pipe  bench  work  done.  Ash  pan  up. 

DrilHng  and  reaming  completed.  f>ont  end  and  door  on  engine. 

twelfth  day.  Rods  ready. 

Engine  wheeled.  1^"^^  ready 

Binders  on  engine.  Brake  bench  work  done. 

Pistons  ready.  Grate  nggmg  up. 

Jacket  on.  fourteenth  day. 

Exhaust  pot  on.  Rods  on  engine. 

Steam  pipes  in.  Pipe  work  completed. 

Steam  pipes  tested.  Pilot  and  beam  on  engine. 

Air  pump  up.  •                       Brake  rigging  up  complete. 

Motion  work  up.  Engine  out  of  shop. 

Cab  fittings  ready.  Pilot   braces,   coupler,    drawbar,   etc., 

THIRTEENTH    DAY.  ^'P- 

H.  P.  cylinders  on.  Engine  painted. 

Cab  fittings  on  engine  completed.  Front  end  in. 

Pistons  in  engine.  fifteenth   day. 

Valves  set.  Engine  in  service. 

The  peculiar  feature  which  characterizes  the  Santa  Fe  methods, 
and  which  focaHzes  the  interest  that  the  road  and  its  policies  hold 
for  students  of  efficiency  in  the  manufacture  of  transportation,  is  the 
uniform  standardization  of  all  operations  and  all  shop  schedules  for 
repairs  to  motive  power  and  rolling  stock,  and  the  performance  of  all 
work  for  these  accounts  under  the  efficiency  system  of  bonus  pay- 
ment. This  covers  comprehensively  work  done  in  round  house,  ma- 
chine shop,  erecting  floor,  blacksmith  shop,  boiler  shop,  paint  shop, 
coach  shop,  car  shop,  tin  and  pipe  shop,  and  coppersmith  work.  About 
23,000  operations  in  all  departments  are  now  recognized  as  standard, 
but  additions  are  being  made.  The  plan  of  standardizing  these  opera- 
tions contemplates  ( i )  a  complete  and  permanent  numbering  system ; 
(2)  a  practical  arrangement  of  the  numbered  schedules  in  logical 
sequences;  (3)  a  complete  description  of  the  work  included  under 
each  schedule  in  language  upon  which  only  one  interpretation  can  be 
placed;  (4)  a  complete  set  of  sketches  showing  the  construction  of 
all  parts,  for  the  instruction  of  timekeepers,  foremen  and  workmen ; 
(5)  a  substantial  make-up  and  satisfactory  method  of  reproducing 
the  schedules;  (6)  a  central  organization  having  entire  charge  of  all 
schedules.  While  the  plan  is  now  in  effect  in  all  the  departments 
mentioned  above,  the  schedules  are  not  fully  standardized  except  in 
round  house,  car  shop  and  coach  shop,  the  standardized  schedules  in 
these  three  departments  numbering  about  3,500,  5,000.  and  1.500  re- 
spectively. The  perfection  of  schedules  in  standard  form,  however, 
is  progressing  rapidly  in  other  departments,  about  25  per  cent  being 
now  standardized  in  the  erecting  shop  and  from  15  per  cent  to  20  per 
cent  in  the  boiler  and  blacksmith  shops. 
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JAPANESE    WORKMAN    OPERATING    WHEEL    PRESS,    RICHMOND,    CAL. 

This  work  is  evidently  enormous,  and  its  achievement  required 
courage  as  weh  as  clear  vision  and  firm  grasp  of  organization  prin- 
ciples. The  problem  was  confi.sed  by  the  many  engine  types  and  the 
extraordinary  large  number  of  engine  classes  in  the  service  of  the 
system.  Its  physical  and  financial  history — the  diverse  requirements 
and  provisions  of  the  various  lines  now  combined  under  one  manage- 
ment— have  assembled  and  passed  on  to  the  present  organization  a 
collection  of  motive  power  which,  with,  the  new^est  and  latest  engines 
specially  developed  for  present  needs,  make  a  grand  total  of  some  150 
classes.  As  preliminary  to  the  preparation  of  the  roundhouse  sched- 
ules, these  many  classes  were  segregated  into  twenty  groups,  each 
group  combining  those  engine  classes  sufficiently  alike  to  make  corre- 
sponding jobs  practically  identical  for  every  engine  in  the  group. 
The  standard  roundhouse  schedules  are  designed  to  cover  in  detail  all 
work  incident  to  maintaining  engines  in  road  service.  The  wording 
is  made  as  complete  and  comprehensive  as  possible,  and  as  brief  as  is 
consistent  with  clearness.  The  operations  are  arranged  under  gen- 
eral heads,  and  the  schedule  number  indicates  the  class  of  work  cov- 
ered, whether  this  be  a  detailed  outline  for  some  job  of  engine  han- 
dling such  as  wiping,  or  whether  it  cover  specific  work,  as  on  cylin- 
ders, injectors  or  rods,  etc.  The  schedules  are  standard  throughout 
the  system,  but  for  convenience  each  shop  point  is  given  a  number 
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Form  2504  Starxlanl 

Santa  Fe 

ROUND  HOUSE  WORK  SLIPS 

Engine  No L)ate 

Block  No. Schedule  No 


O.K. 

Foreman 

The  Engineevinrj  Magazine 


Groups 

One- 

ot 

Man 

Engines. 

Time. 

ROUNDHOUSE    WORK    SLIP   FOR   ENGINE   REPAIRS. 

Made  out  by  roundhouse  foreman  on  arrival  of  engine  and  examination  of  engineer's  report, 

one  slip  for  each  operation  necessary.     Original  given  to  workman  as  authority  for  job; 

carbon   duplicate   remains   in    foreman's  book.      Slip   is  turned  over  to   time   keeper 

when  work  is  completed.    Forms  are  5  by  4  in.,  one  white  and  one  yellow. 

which  is  prefixed  to  the  schedule  number.  In  the  example  given 
below  "62"  indicates  the  San  Bernardino  roundhouse.  Capital  letters 
following  the  conclusions  of  the  schedule  indicate  the  groups  of  en- 
gines to  which  the  times  in  the  extreme  right-hand  column  apply. 

Standard  Roundhouse  Schedules. 
Subject.     Schedule 

Number.  Operation. 

Wiping..  62-0085  Wiping  machinery  below  running 
!  ,  board,  including  pilot,  engine 
trucks,  cylinders,  steam  chests, 
,  guides,  crossheads,  rods,  driving 
wheels,  brake  cylinder  and  rig- 
ging, air  pump  and  piping,  eccen- 
trics, straps,  blades  and  motion 
work,  rocker  boxes  and  valve 
rods    and    everything    below    the 

running  board  not  specified \RCDEG 1.5 

HIJKL 1.5 

MNPRSV 2.7 

Cylinders  62-0425  R  &  R,  H.  P.  cylinder,  including 
renewing  H.  P.  and  L.  P.  valves 
and  cylinder  packing.     All  work 

necessary   PX   36.0 

Injectors.  62-0855  Overhauling  one  injector  com- 
plete        1.6 

Rods 62-1262     Reducing,     refitting     and     lining 

back  end  outside  main  rod  brass.   ABCDEGHJK  ..     1.6 

FLMNRSTUVX.    2.6 
P  3-2 
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KNUCKLE    AND    COUPLER    ATTACHMENT   RACKS^    LOS    ANGELES    REPAIR    TRACKS. 

The  many  slightly  differing  types  are  assorted,  separated  and  marked,  so  that  delays  in  find- 
ing any  needed  part,  or  mistakes  and  troubles  from  taking  the  wrong  one,  are  prevented. 

The  method  of  numbering  shop  schedules,  as  distinguished  from 
roundhouse  schedules,  embodies  a  different  and  a  more  interesting 
purpose.  A  combination  of  figures  and  letters  is  employed  to  define 
the  shop,  the  class  of  work,  the  kind  of  job,  and  the  serial  definition 
of  the  individual  schedule  defining  the  work  embraced.  Thus  in  the 
sample  number  i A 1-72,  i  indicates  the  erecting  shop;  A,  cylinder 
work;  i,  cylinder  castings;  the  hyphen  separates  the  integral  part  of 
the  symbol  from  the  schedule  serial ;  7  refers  to  saddle,  and  2  to  lay- 
ing off.  The  initial  figures  representing  the  shops  in  which  the  work 
is  done  are: 


1  Erecting  Shop 

2  Machine  Shop 

3  Boiler  Shop 

4  Blacksmith   Shop 

The  classification  of  work   distinguished  by  the  letter  occupying 
the  ^second  place  in  the  symbol  is  illustrated  by  the  following: 


Tin  Shop 
Pipe  Shop 
Paint  Shop 
Carpenter  Shop 


Locomotive 

A  Cylinders. 

B  Frames  and  Braces. 

C  Valve  and  Valve  Motion. 

D  Guides  and  Pistons 

E  Main  and  Side  Rods. 

F  Driving  Wheels  and  Boxes. 

G  Carrying  Gear. 

H  Air-Brake  Mechanism. 

J  Driver  and  Truck  Brake  Rigging. 

K  Steam  and  Dry  Pipes. 

L  Leading  and  Trailing  Trucks. 

M  Boiler  Mountings. 


Classification. 

N  Wood  W^Drk  and  Cab  Work. 

P  Boiler  Complete. 

Q  Boiler  Shell. 

R  Fire  Box. 

S  Flues. 

T  Smoke  Box. 

U  Tender  Complete. 

V  Tender  Body. 
X  Tender  Brakes. 

Y  Tender  Trucks. 
Z  Miscellaneous. 
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As  all  schedules  covering  work  of  the  same  class  bear  the  same 
classification  letter  (A  for  instance  identifying  all  work  on  cylinders, 
E  all  work  on  rods,  R  all  work  on  fireboxes,  etc.  i  it  is  very  easy  to 
assemble  work  of  any  class  from  all  shops;  and  as  the  schedules  are 
standard  all  over  the  road,  the  comparison  between  different  points 
is  exceedingly  simple  and  rapid.  When  times  vary  for  the  same 
schedule  on  different  classes  of  engines,  this  is  properly  indicated 
under  the  schedule  itself.  Examples  of  standard  schedules  in  erect- 
ing, machine,  blacksmith,  coach  and  car  shops  are  given  below : 

Standard  1\[achine-Shop   Schedules. 


Subject. 

Lathe. 
Piston  Head, 
Air  Pump 


Rods 


Boring  Mh.l. 
Piston  Heads 


Planer. 
Driving  Boxes, 


Drill  Press. 

Corner    Irons. 


Subject. 

Cylinders. 
Applying  H.  P. 

Tandem 

Comp 


Bushings,  Chip- 
ping Ports. . . 


Schedule  Operation.  One-Man 

Number.  Time. 

2H10-57  Making  complete  out  of  new  casting, 
one  new  air  pump  piston  head.  In- 
cludes boring,  threading,  turning, 
grooving  and  finishing  complete,  for 
11"  air  pump 2.5 

2D10-51  File  and  polish  old  piston  rods  when 
no  cut  is  required.  Class  256,  800, 
1000,  566,  789 0.5 

2D4-46  Turn,    face,   bore   and   cut   grooves   in 

one  cast  iron  high  pressure  piston 
head,   Classes  900.   789,  885,   1000  and 

1050    2.1 

Face  one  hub  each,  on  four  new  cast 

2F3-16  iron  driving  boxes  when  only  one  side 
is  to  be  faced,  including  one  rough  cut 
and  one  finishing  cut 1.8 

2Z5-67  Lay  off  and  drill  13/16"  holes  in  V2" 
X  12"  faces  of  four  channel  irons, 
T04  holes    .' 1-4 

Standard  Erecting  Schedules. 

Schedule  Operation.  One-Man 

Number.  Time. 

Applying   H.    P.    cylinders,    fitted    up, 
includes   grinding   in   joints   on   inter- 
mediate   and    H.    P.    cylinder    heads, 
lAi-4r  bolting  up  head  and  H.  P.  cylinders, 

putting  in  piston  and  applying  inter- 
mediate packing,  grinding  in  and  ap- 
plying outside  steam  connecting  pipes. 
T — Classes  564.  825,  988: 

a — One  cylinder  

2 — Classes  900,  987,  1600: 

a — One  cylinder  

Chipping  and  filing  all  steam  ports  on 
iAro-r2  one  cylinder  bushing,   all   sizes,  after 

ports  have  been  drilled 

I — All  Classes  : 

a — per  bushing  
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Subject. 

Schedule 

Number. 

Rods. 

4E2-1 

Motion  Work. 


4C2-1 


Subject. 
Beams    . . . . 


Brake  Rigging. 

Lining    

Rods    


Standard  Blacksmith  Schedules. 

Operation.  One-Man 

Time. 
Weld  jaw  end  on  side  rod.     Includes 
laying  out,  taking  heat,  welding,  and 

dressing 

I — Classes  2355  

2 — Classes  789,  825,  900 

Draw  out,  and  forge  rocker  arm  end 
on  one  valve  rod,  includes  laying  out, 

and  taking  heats  

I — All  classes  : 

a — One  rod   

Fkeight-Car  Repair   Schedules. 

Schedule  Operation.  One-Man 

Number.  Time. 

A-35  Beams,  cross  tie,  between  side  plates 
on  ballast  cars,  includes  all  neces- 
sary fitting   1.5 

A-158  Brake  cylinder  block  removed  and  re- 
newed, when  cylinder  has  been  re- 
moved            0.5 

A-535  Lining,  end  or  side,  removed  and  re- 
newed, per  square  foot 0.04 

A- 764  Rods,  body  truss,  removed  and  re- 
placed  (whole  rod),  all  classes 1.5 


Coach  Repair  Schedules. 


Subject. 


Repairing 
ing  ... 


Ceil- 


Doors 


Molding 


Schedule 
Number. 

0163 

0228 


0457 


Operation.  One-Man 

Time. 
Ceiling,  applied,  per  square  foot,  when 
more  than  six  feet  are  applied,  includ- 
ing cutting  to  length 0.08 

Door,  sliding,  on  baggage  cars  or 
doors  of  similar  construction,  scraped 
and  dressed  after  paint  has  been  re- 
moved         2.0 

Molding,  window,  fitted,  stenciled  and 
dressed,  including  all  classes  of  coach 
window  moldinp-.  per  piece o.i 

Standardized  wording  of  these  schedules  is  considered  to  be  of  the 
utmost  importance,  as  by  this  means  the  scope  and  character  of  each 
operation  is  precisely  defined,  and  exact  comparison  between  per- 
formances of  the  same  operation  in  different  shops  is  permitted. 
Variations  or  defects  of  practice,  methods,  or  machinery  are  thus 
made  immediately  apparent,  and  may  be  investigated  and  corrected. 
The  standard  wording  is  therefore  fixed  with  great  care.  When  the 
language  of  any  given  schedule  has  been  brought  to  apparently  satis- 
factory preliminary  draft,  it  is  submitted  to  the  supervisors  in  the 
various  shops  of  the  system  and  their  suggestions  are  carefully  con- 
sidered before  the  final  form  of  the  wording  is  adopted.  Local  con- 
ditions are  thus  taken  into  account,  and  provision  is  made,  where 


ALBUQUERQUE  SHOPS,   SHOWING  THE   MANY   LARGE   AND   POWERFUL   AIR   HOISTS   FOR 

HEAVY  MACHINE  WORK. 
Very  handy,  saving  mucli  labor,  and  involving  but  small  surcharge  or  burden  expense. 
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necessary,  to  allow  for  them.  For  example,  stripping  an  engine  which 
is  to  be  handled  by  a  crane  (as  at  Topeka)  may  involve  the  removal 
of  parts  that  need  not  be  taken  down  if  the  engine  is  to  be  handled 
by  a  hoist,  as  at  Albuquerque,  or  San  Bernardino.  Standard  schedule 
for  stripping,  then,  will  cover  only  the  work  common  to  both  cases ;  a 
supplementary  schedule  will  provide  for  the  remainder.  This  sup- 
plementary schedule,  though  applicable  only  to  shops  equipped  with 
cranes  for  locomotive  handling,  nevertheless  will  appear  in  its  stan- 
dard language  in  the  schedule  books  for  all  shops ;  but  where  no  crane 
is  installed,  no  time  will  be  fixed  for  the  schedule.  The  standard  time 
will  be  inserted  if  and  when  occasion  arises  through  installation  of  a 
crane. 


SANTA  FE  TYPE  FREIGHT  ENGINE  ON    KNOCKDOWN   TRUCKS,   SAN   BERNARDINO   SHOPS. 

These  trucks  allow   repairs  to   be  made   without  the   use   of  blocking;    they  consist   of   three 

pieces — a  strongly  riveted  frame  of  old  channel  iron,  and  truck  wheels  in  free  bearings; 

they  are  easily  knocked  down  for  storage. 

The  great  purpose  of  this  standardizing,  both  as  to  operations  and 
times,  is  to  place  all  work  under  the  "efficiency  system"  of  bonus 
award,  v^hich  is  perhaps  sufficiently  well  understood  to  need  no  ex- 
tended explanation  here.  Under  this  method,  employees  are  paid  by 
day  wages,  but  are  stimulated  by  an  additional  bonus  proportioned 
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JAPANESE   CAR  REPAIRERS   APPLYING    WHEELS,   LOS    ANGELES   REPAIR   TRACKS. 
With  this  simple  drop  pit  the  cost  of  removing  and  applying  one  pair  of  wheels  is  reduced 

to   85   cents. 

to  their  efficiency  over  a  considerable  period  of  time  (usually  a 
month)  ;  efficiency  in  this  sense  being  the  ratio  between  the  actual 
record  of  the  man,  or  the  time  he  takes  for  a  series  of  jobs,  and  the 
standard  or  schedule  set  for  him.  The  amount  of  the  bonus  is  de- 
termined by  a  standard  table  fixing  the  percentages  of  wages  for  time 
actually  worked  which  is  paid  in  addition  as  bonus  at  any  determined 
rate  of  efficiency.  This  table  grants  no  bonus  below  66^/^  per  cent 
efficiency — that  is,  below  the  rate  of  working  at  which  the  man  takes 
iy2  the  standard  time  for  completing  his  job;  but  from  that  point 
upward  it  allows  bonus  on  a  rising  scale,  which  reaches  20  per  cent 
additional  to  actual  wages  at  100  per  cent  efficiency  (or  the  comple- 
tion of  the  job  in  the  standard  time)  and  thereafter  adds  i  per  cent 
of  wages  as  bonus  for  each  additional  i  per  cent  of  efficiency.  The 
estimation  of  bonus  by  continuous  record  over  a  month's  work,  in- 
stead of  by  separate  jobs,  encourages  men  and  foremen  to  plan 
ahead  and  to  arrange  their  work  to  the  best  advantage. 

The  fixation  of  standard  time  for  each  operation  is  manifestly 
of  importance  equal  to  that  of  standardizing  the  operation  itself. 
Great  care  is  exercised  in  this  part  of  the  work  to  weigh  and  to  allow 
for  all  conditions  and  possible  interferences.  Past  experience  is  not 
the  only  guide,  nor  is  the  ability  of  the  fastest  worker  taken  as  the 
standard,  for  this  would  dishearten  men  who  could  not  possibly  reach 
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his  extreme  facility.  Conditions  of  environment  or  equipment  tend- 
ing to  prevent  high  efficiency  are  dihgently  sought  out  and  remedied. 
It  is  made  possible,  so  far  as  lies  in  the  power  of  the  management, 
for  the  men  to  work  at  high  average  efficiency.  And  in  the  final 
fixation  of  time  schedules  for  each  shop,  local  conditions  (material, 
mechanical,  personal)  are  given  their  full  weight.  Therefore,  while 
any  given  schedule  in  the  25,000  already  referred  to  is  identical  in 
language  and  in  interpretation  for  every  shop  to  which  it  applies,  the 
standard  time  set  for  its  performance  might  be  different  in  each  of 
these  shops,  according  to  local  circumstances  and  facilities.  These 
varying  times  are  designed  to  express  and  to  embody,  for  each  shop, 
its  own  special  advantages  or  disadvantages  of  machmery,  appliances 
and  labor,  and  by  the  arithmetical  inequality  of  the  time  figures,  to 
put  the  shops  on  an  actual  equality  as  to  the  bases  from  which  their 
efficiency  is  reckoned. 

Times  are  generally  on  a  one-man  basis;  if  several  men  are  en- 
gaged on  any  job,  the  time  is  cut  proportionately.  It  does  not  always 
hold  true,  of  course,  that  four  men  (say)  can  finish  a  job  in  one- 
fourth  of  the  time  required  by  one  man;  they  may  take  less  or  they 
may  take  more  than  one-fourth ;  nevertheless,  the  ratio  is  fairly  true 
in  the  average,  and  its  systematic  application  tends  naturally  to  make 
foremen  and  workmen  co-operate  in  keeping  the  most  economical 


BOLT  CUTTER  FOR   WORKING   OVER   SCRAP,   NEEDLES    (CAL.)    CAR  DEPARTMENT. 

An  efficient  device  made   in  the   shops  from  an   old  air-brake   cylinder.     Installed  near   rip 

track  to  save  time  running  to  the  shop. 
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force  employed  under  each  schedule,  because  there  will  be  fewer  to 
divide  the  bonus.  If  a  man  is  employed  for  part  of  the  time  on  one 
job  and  then  moved  elsewhere,  his  efficiency  for  the  part  job  is  deter- 
mined by  the  total  time  taken  by  the  gang. 


ECONOMICAL    PERFORMANCE   OF    BLACKSMITH    WORK,    LOS    ANGELES. 

A  small  forge  placed  near  the  freight-car  repair  tracks  is  served  by   a  Japanese   smith   and 
helper  at  23 J^  and  17H  cents  an  hour,  respectively. 

An  exception  to  the  one-man  time  basis  is  made  in  some  depart- 
ments of  the  shops.  Where  work  is  so  varied  and  detailed  in  char- 
acter that  individual  schedules  with  minute  record  of  operations  are 
impracticable,  or  would  involve  an  outlay  of  time  and  work  wholly 
disproportionate  to  the  small  possible  gain,  "pooled  schedules"  are  in 
use.  These  are  based  on  careful  and  accurate  time  study  of  opera- 
tions performed  by  a  group  of  men,  and  a  standard  time  is  thus  fixed 
for  calculation  of  bonus.  An  example  is  afforded  by  the  schedule 
for  handling  engines  at  the  Richmond,  Cal.,  roundhouse.  Standard 
time  of  3.2  hours  is  allowed  for  all  work  necessary  to  give  an 
engine  proper  care  when  it  is  turned  at  this  terminal,  and  a  bonus  is 
paid  to  the  hostlers,  hostlers'  helpers,  boiler  washers,  sandhouse  men. 
and  call  boys,  according  to  the  ratio  of  standard  hours  to  the  actual 
work  hours  for  each  month.    The  standard  efficiency  table  is  used  to 
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HEATING  A  COMPLETE   SET   OF   TIRES   FOR  PLACING,  BY   USE  OF   A  CRUDE-OIL  FIRE, 

SAN    BERNARDINO. 

Removing  and  replacing  a  set  of  six  tires  by  the  old  method  took  36  hours,  used  60  gallons 

crude  oil,  and  cost  $10.32.     The  new  method  requires  but  22  hours,  uses  20  gallons 

gasoline  (for  removal)  and  12  gallons  crude  oil  (for  replacing)  and  costs  $6.49. 

compute  this  bonus,  which  is  then  divided  among  all  the  men  accord- 
ing to  the  wages  earned. 

Mechanical  operations  are  reduced  so  far  as  possible  to  units — 
so  much  time  per  inch  of  drilling,  per  lOO  inches  of  chipping  or  caulk- 
ing, per  100  flues  cut  out,  or  per  loo  rivets  driven.  By  building  up 
total  times  with  these  units,  or  by  applying  the  units  in  connection 
with  standard  job  schedules,  remarkably  close  provision  can  be  made 
for  the  apparently  complex  and  difficult  work  which  may  be  necessary, 
for  instance,  in  stripping  and  repairing  a  wrecked  locomotive  or  car. 
For  example,  the  job  of  taking  out  a  locomotive  frame  may  be  stan- 
dardized and  scheduled.  Special  difficulties  not  contemplated  in  the 
schedule,  such  as  stuck  bolts  which  have  to  be  drilled  out,  will  be 
cared  for  by  applying  separately  one  of  the  unit  schedules  for  bolt 
drilling  at  so  much  per  inch.  As  both  the  main  and  the  auxiliary 
schedules  are  bonused,  the  workmen  have  an  incentive  to  exercise 


VAKIOUS    AlETHODS   FOR   PLACING   AAD   Kt;.\l*»\  J  XG   TIKES. 

'J'he  lower  view  shows  a  very  convenient  application  of  portable  gasoline  tanks  and  burners, 

used  at  Winslow,  Arizona.     The  upper  one  illustrates  a  burner  using  crude  oil,  with  a 

shield  to  carry  the  flame  around  the  tire,  in  use  at  Raton;  total  cost,  labor  and 

material,   ]1   cents  per  tire. 
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their  best  judgment  and  foresight  in  preparing  for  and  meeting  the 
conditions  and  in  accomphshing  the  results  with  the  highest  efficiency 
and  in  the  most  economical  way. 

An  important  feature  of  the  Santa  Fe  schedules,  which  will  have 
become  apparent  from  the  illustrations  and  examples  given,  is  that 
while  they  specify  exactly  what  work  shall  be  done  they  do  not  so 
rigidly  define  methods  for  doing  it  as  to  sterilize  initiative  and  ac- 
tivity in  devising  improvements.  On  the  contrary,  marked  individu- 
ality appears  in  the  spirit  and  detail  of  management  at  the  several 
larger  shops.  The  policy  of  constant  effort  for  improvement  of 
efficiency  is  general;  the  performance  by  which  results  are  accom- 
plished reflects  the  personality  of  the  local  officials.  Some  of  the  il- 
lustrations accompanying  these  articles  illustrate  very  interestingly 
these  diversities  of  method  for  performing  the  same  operation  in 
different  shops.  The  aim  of  the  mechanical  department  is  to  foster 
all  promising  effort  of  this  kind,  and  when  a  local  shop  devises  a  new 
economy  to  adopt  it  and  make  it  standard  for  the  road. 

Alert  and  consistent  administration  of  the  system  according  to 
this  principle  will  surely  result  in  a  continuous  betterment  of  shop 
practice  and  progressive  lowering  of  maintenance  costs,  while  frank 
and  fair  recognition  of  the  sources  of  such  improvements  will  provide 
the  best  possible  moral  stimulus  to  the  personnel  of  the  mechanical 
department. 


GEORGE  WALLACE   MELVILLE. 

REAR    ADMIRAL    UNITED    STATES    NAVY,    RETIRED,    ENGINEER    IN    CHIEF 
OF  THE   NAVY   FROM    1887  TO    1903. 

By  Walter  M.  McFarland. 

Mr.  j\[cFarland  was  in  the  United  States  Navy  from  1879  to  1899,  during  which  time  he- 
rose  to  the  rank  of  chief  engineer  and  (by  passage  of  the  Personnel  Bill)  lieutenant,  U.  S.  N. 
He  was  twice  assistant,  and  once  principal  assistant,  to  Admiral  Melville.  He  writes,  there- 
fore, as  one  who  best  understands  the  service  the  Admiral  has  rendered,  and  who  stood 
c'csest  to  and  knows  intimately  the  man  to  whom  this  tribute  is  paid. — The  Editors. 

THE  frontispiece  of  the  Magazine  this  month  is  a  reproduction 
of  the  portrait  by  Ivanovvsky  which  is  to  be  presented  to  the 
National  Gallery  on  May  6,  by  many  of  the  friends  and  ad- 
mirers of  Admiral  Melville.  Ever  since  his  retirement  from  the  office 
of  Engineer  in  Chief  of  the  Navy  in  1903,  there  has  been  a  feelmg 
among  his  friends  that  they  wanted  to  put  in  permanent  form  a  tri- 
bute to  his  magnificent  record,  of  which  the  profession  is  proud.  Those 
who  know  Admiral  Melville  intimately  believe  that  his  face  is  a  thor- 
ough index  of  his  character  and  that  no  reader  of  physiognomy  could 
be  with  him  long  without  realizing  that  he  was  in  the  presence  of  a 
strong  man  capable  of  great  deeds.  The  photograph  cannot,  of 
course,  fully  reproduce  the  portrait,  but  those  who  have  seen  the 
latter  say  that  it  is  a  great  credit  to  the  artist,  for  it  brings  out  Mel- 
ville's remarkable  traits  of  character  so  well  that,  as  the  years  go  by, 
those  who  read  of  what  Melville  has  done  will  see,  when  they  look 
upon  his  picture,  that  this  was  the  record  to  be  expected  of  such  a 
man. 

Although  xA.dmiral  Melville  retired  from  active  naval  duty  in  1903, 
he  has  not  been  idle  since,  and  maintains  his  close  touch  with  engi- 
neering matters,  so  that  a  brief  sketch  of  his  career  merely  brings  the 
salient  features  before  those  who  have  known  them  all  and  perhaps 
recollect  them  quite  as  well  as  the  writer. 

He  entered  the  navy  at  the  beginning  of  the  Civil  War  and  before 
its  close  had  made  a  record  as  a  highly  competent  engineer  and  a  man 
who  did  not  know  what  fear  or  danger  meant.  The  older  officers 
in  the  engineer  corps  had  already  marked  him  as  a  man  whom  they 
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always  wanted  to  have  with  them,  and  he  was,  in  fact,  always  selected 
for  duty  which  required  ability,  resourcefulness,  and  courage. 

His  name  became  known  throughout  the  world  for  his  heroic 
work  in  the  Lena  Delta,  in  connection  with  the  retreat  from  the 
Arctic  steamer  Jeannette  and  his  search  for  the  bodies  of  his  missing 
comrades.  Those  who  havd  never  read  his  straightforward  and  un- 
pretentious book,  called  'In  the  Lena  Delta,"  not  only  have  a  treat  in 
store  for  them,  but  they  have  little  idea  of  what  tenacity  and  courage 
can  accomplish  in  the  face  of  almost  insuperable  obstacles.  This  was 
not  his  first  Arctic  experience,  as  he  had  gone  on  the  Tigress  to  the 
relief  of  the  Polaris  expedition ;  nor  was  it  his  last,  for  he  was  chief 
engineer  of  the  I'hetis  which  rescued  Greeley  and  his  companions. 

After  his  return  from  the  Arctic,  he  was  assigned  to  special  duty, 
mostly  in  the  development  of  new  devices  and  the  trying  out  of  new 
ships — always  duty  of  an  arduous  nature — and  at  the  beginning  of 
the  Whitney  administration  he  was  the  inspector  at  Cramp's  ship- 
yard. It  so  happened,  just  at  this  time,  that  Loring,  who  was  Engi- 
neer in  Chief  of  the  Navy,  was  about  to  resign  the  office,  and  Mel- 
ville was  offered  the  position  and  accepted,  entering  upon  his  duties 
in  the  summer  of  1887. 

This  was  practically  the  beginning  of  the  modern  navy  of  the 
United  States,  although  the  Roach  cruisers  had  been  completed  be- 
fore ;  to  a  man  of  high  professional  ability,  originality  and  courage,  it 
presented  a  splendid  opportunity  for  making  a  great  reputation.  It 
is  not  necessary  to  say  that  such  a  reputation  was  attained  early  in 
his  administration,  for  Melville's  name  has  been  known  in  engineering 
circles  throughout  the  world  for  the  last  twenty  years  as  one  of  the 
^reat  leaders  of  the  profession.  Space  will  not  permit  me  to  detail 
the  various  triumphs  of  his  administration,  but  it  may  be  remarked 
that  he  gave  the  country  the  two  fastest  large  vessels  in  the  world 
in  the  Columbia  and  Minneapolis,  whose  record  was  not  equalled 
for  nearly  a  decade.  The  great  majority  of  the  vessels  of  the  existing 
navy  owe  their  machinery  designs  to  him,  covering  about  120  vessels 
of  all  classes  and  about  1,250,000  horse  power. 

Melville's  whole  career  showed  progressiveness  of  the  right  kind. 
He  wanted  what  was  new  and  best,  but  he  was  not  carried  away  by 
mere  novelty.  He  was  strong  enough  to  decide  on  lines  of  action 
which  often  alarmed  men  of  less  courage,  but  he  was  also  strong 
enough  to  refrain  from  doing  what  would  insure  temporary  applause, 
when  his  judgment  told  him  that  the  matter  was  still  experimental. 
This  was  the  case  with  water-tube  boilers.     He  was  the  first  to  use 
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them  in  large  vessels,  and  after  their  successful  introduction  on  the 
Monterey,  there  was  a  natural  temptation  to  go  on  with  the  work  and 
receive  the  applause  which  would  certainly  have  come.  He  felt,  how- 
ever, that  sufficient  experience  had  not  yet  been  obtained,  and  he 
waited  until  he  was  satisfied  that  it  was  wise  to  use  them  generally. 
Meanwhile,  in  the  navies  of  some  other  nations  that  began  later  than 
he,  the  use  of  those- boilers  was  pushed  much  more  rapidly  and  as  a 
result  mistakes  were  made  that  were  expensive  and  caused  much  bit- 
ter controversy. 

Like  all  really  strong  men,  Melville  is  honest,  straightforward  and 
kindly  in  his  intercourse  with  everybody.  The  young  men  whom  he 
gathered  around  him  as  assistants  looked  upon  him  more  as  a  father 
than  as  a  military  superior,  and  there  was  nothing  he  could  call  upon 
them  to  do  that  they  did  not  count  it  a  pleasure  to  perform.  He  is  a 
very  affectionate  man,  notwithstanding  his  frankness  which  leads 
some  who  do  not  know  him  well  to  think  him  blunt.  After  his  return 
from  the  Arctic,  he  always  looked  after  the  men  who  had  been  with 
him,  and  from  those  in  this  humble  position  up  to  the  famous  people 
who  are  his  friends,  every  one  who  is  worthy  is  sure  of  a  steadfast 
place  in  his  affections. 

There  have  been  three  great  names  in  the  history  of  naval  engi- 
neering in  the  United  States :  Haswell,  who  founded  and  developed 
the  engineer  corps;  Isherwood,  who  was  responsible  for  the  machin- 
ery during  the  Civil  War  and  who  did  such  splendid  experimental 
work;  and  Melville,  who  built  up  the  machinery  of  the  present  fleet. 
Haswell  lived  to  the  great  age  of  ninety-eight;  Isherwood  is  still  with 
us  at  a  little  less  than  ninety ;  Melville,  compared  to  them,  is  a  young 
man.  It  is  the  fervent  hope  of.his  many  friends,  and  indeed  of  the 
entire  engineering  profession,  that  he  may  be  spared  to  the  same 
great  age  as  these  other  two  famous  men,  to  enjoy  the  love  and  ad- 
miration of  his  countrymen  to  whose  service  his  life  has  been  given, 
and  from  whom  he  both  merits  and  receives  a  tribute  of  praise,  of 
which  this  portrait  is  the  evidence. 


Editorial   Comment 


Railways  and  Forest  Fires. 

THE  Public  Service  Commission  of 
the  Second  District  of  New  York 
has  ordered  the  use  of  oil-burning  loco- 
motives on  railway  lines  through  the 
Adirondack  forest  reserve,  as  a  means 
of  reducing  the  loss  from  preventable 
fires.  About  40  per  cent  of  the  whole 
destruction  in  the  autumn  of  1908  is  said 
to  have  been  traced,  by  testimony  before 
the  Commission,  to  locomotive  sparks  or 
dropped  coals.  The  proposal  of  the  rail- 
ways to  provide  additional  safeguards  on 
stacks  and  ash-pans,  to  clear  combustible 
matter  from  the  right  of  way,  to  estab- 
lish a  competent  fire  patrol  and  a  tele- 
phone system  of  communication,  and  to 
equip  and  keep  ready  a  service  of  fire- 
extinguishing  trains,  was  regarded  by 
the  Commission  as  inadequate.  Unless 
these  supplementary  measures  are  taken, 
however,  it  is  to  be  feared  that  the  re- 
sults will  be  disappointing. 

Where  oil-burning  locomotives  are  in 
regular  service,  even  under  management 
marked  by  more  than  usual  care  as  to 
condition  and  operation,  they  have  not 
proved  at  all  blameless  in  the  matter  of 
setting  fires.  Little  pieces  of  detached 
carbon  or  firebrick,  or  vegetable  matter 
in  the  sand  used  for  the  necessary  and 
frequent  sanding  of  fuies  while  these 
engines  are  running,  or  leaks  of  oil  from 
the  tank  or  piping  at  other  times,  attach 
to  this  type  the  very  dangers  it  is  sought 
to  avoid. 

An  alert  and  conscientious  patrol  with 
coal-burning  engines,  would  be  even 
preferable  to  a  lax  patrol  or  none  under 
a  false  sense  of  security  following  the 
use  of  oil  burners.  A  responsible  force, 
regularly  paid,  and  rated  by  their  effi- 
ciency in  preventing  fires,  would  'Show  a 
wonderful  improvement  over  the  results 
secured  by  the   long-established   system, 


which  pays  certain  sometimes  doubtfully 
responsible  men  according  to  the  time 
that  fires  actually  continue  to  burn.  . 


A  Study  of  Efficiency. 

MR.  LEWIS  B.  STILWELL'S  ad- 
dress before  the  joint  **Conserva- 
tion"  meeting  of  the  four  National 
engineering  societies  of  the  United 
States,  at  the  Engineering  Building  :.n 
New  York  a  month  ago,  throws  an  inter- 
esting, and  to  many  persons  probably  a 
surprising,  light  on  the  inefficiency  of 
methods  of  which  we  have  been  quite 
unashamed — in  which,  indeed,  we  very 
lately  rather  gloried  as  typical  of  the  age 
of  steam  and  the  era  of  machinery.  The 
new  point  of  view  is  obtained  by  getting 
into  range  Mr.  Stilwell's  figures  for  the 
total  coal  equivalence  of  the  Niagara 
Falls  Company's  output  (560,000,000 
kilowatt  hours  in  the  year  1908)  which 
he  puts  at  1,000,000  tons,  and  the  coal 
saving  due  to  centralizing  the  generating 
equipment  in  the  Literborough  Rapid 
Ti^nsit  Company's  plants;  this  he  puts 
also  at  1,000,000  tons  in  1908,  on  an  out- 
put of  409,000,000  kilowatt  hours.  The 
figures  were  arrived  at  by  comparison 
of  tests  made  on  the  Manhattan  Elevated 
Railway  before  and  after  the  installa- 
tion of  electric  traction.  In  other  words, 
the  Interborough  central  stations,  still 
burning  coal,  yet  save  as  much  coal,  for- 
merly wasted,  as  would  suffice  to  operate 
a  plant  equivalent  to  the  Niagara  Falls 
Power  Company's  electric  station  —  a 
plant  40  per  cent  larger  than  the  Inter- 
borough power  houses  themselves.  To 
put  it  in  still  different  form,  the  coal  con- 
served by  the  coal-burning  Interborough 
])lants  is  140  per  cent  of  the  coal  con- 
served by  the  water-driven  Niagara 
plants. 
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THE    BRITISH    ENGINEERING  STANDARDS   COMMITTEE. 

A   REVIEW    OF    ITS    HISTORY,    ORGANIZATION    AND    ACHIEVEMENTS. 

Sir  John  Wolfe  Barry — Institution  of  Engineers  and  Shipbuilders  in  Scotland. 


A  LECTURE  delivered  by  Sir  John 
Wolfe  Barry  before  the  Institu- 
tion of  Engineers  and  Ship- 
builders in  Scotland  on  December  ii, 
1908,  and  published  in  Engineering  for 
January  29,  gives  an  interesting  and  com- 
prehensive account  of  the  history,  or- 
ganization and  achievements  of  the  Brit- 
ish Engineering  Standards  Committee. 
For  nearly  sixty  years  follow^ing  the 
publication  of  Whitworth's  notable 
standards  for  screw  threads  in  1841, 
little  effort  was  made  in  England  to- 
wards the  realization  of  engineering 
standards,  though  the  benefits  conferred 
by  Whitworth's  work  were  conspicuous 
and  unquestionable.  Since  the  beginning 
of  the  present  century,  however,  the  work 
of  systematizing  the  details  of  engineer- 
ing practice  has  been  undertaken  by  a 
committee  of  the  leading  engineers  and 
the  most  prominent  manufacturers  in  the 
country.  The  results  of  their  labors,  a 
few  of  which  are  noted  below,  have 
been  uniformly  successful,  and  the  move- 
ment has  already  produced  most  grati- 
fying effects  on  both  the  commercial 
and  technical  sides  of  engineering. 

Early  in  1901  Sir  John  suggested  to 
the  Council  of  the  Institution  of  Civil 
Engineers  that  some  definite  action 
should  be  taken  by  them  to  draft  stand- 
ard forms  for  iron  and  steel  sections. 
At  that  time  the  number  of  rolls  was 
immensely  more  than  was  really  needed 
and,  owing  to  the  lack  of  standards,  it 
was  increasing  continually  without  any 


real  advantage.  This  want  of  system 
had  three  important  results :  unnecessary 
cost  of  articles,  delay  in  production,  and 
prohibition  of  the  manufacturers  from 
stocking  during  slack  times  any  large 
quantities  of  material.  Sir  John's  sug- 
gestion was  not  adopted  by  the  Institu- 
tion without  considerable  discussion,  but 
finally,  notwithstanding  influential  oppo- 
sition to  the  principle  of  standardization, 
a  committee  was  appointed  to  consider 
the  subject,  to  which  three  sister  societies, 
the  Institution  of  Mechanical  Engineers, 
the  Institution  of  Naval  Architects,  and 
the  Iron  and  Steel  Institute,  were  in- 
vited to  nominate  representatives.  The 
joint  committee  reported  strongly  in 
favor  of  the  project,  and  the  carrying 
out  of  the  work  was  entrusted  to  a 
strong  representative  committee,  formed 
of  delegates  of  engineers  from  the  four 
Institutions  and  of  manufacturers.  Later 
when  the  scope  of  the  work  of  the  com- 
mittee was  enlarged  to  include  electrical 
subjects,  the  co-operation  of  the  Insti- 
tution of  Electrical  Engineers  was  se- 
cured. It  has  always  been  the  policy  ot 
the  committee  to  enlist  the  co-operation 
of  the  trade  associations  in  the  various 
branches  of  engineering  with  which  they 
have  been  concerned ;  and  the  Govern- 
ment has  co-operated  to  the  extent  of 
giving  substantial  financial  assistance, 
adopting  the  standards  so  far  as  pos- 
sible in  Government  work,  and  nominat- 
ing the  heads  of  the  Government  engi- 
neering departments  to   membership  on 
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the  committees.  To  the  Main  Committee 
thus  constituted  falls  the  duty  of  guid- 
ing and  directing  the  work  of  standard- 
ization, the  selection  of  the  subjects  to  be 
dealt  with,  the  passing  of  tlie  reports  and 
the  raising  of  the  necessary  funds. 

Very  soon  after  the  Committee  began 
its  labors  it  was  apparent  that  many,  sub- 
jects  outside  of  those  of  iron  and  steel 
sections  were  in  urgent  need  of  sys- 
tematization;  it  was  therefore  decided 
to  extend  the  scope  of  the  Committee's 
work  so  as  to  include  manufactures 
outside  of  those  originally  contemplated. 
It  also  became  apparent  that  the  engi- 
neering industry  would  profit  consider- 
ably in  many  directions  if  standardiza- 
tion on  a  judicious  scale  were  initiated  in 
the  nature  of  the  materials  as  well  as  in 
the  form  of  the  manufactured  articles. 
The  work  of  standardization  of  forms 
and  also  of  qualities  and  compositions 
has  gradually  grown  to  cover  a  very 
large  number  of  branches  of  engineering 
work.  At  the  present  time  the  Main 
Committee  has  thirty-seven  subjects 
under  its  guidance  and  control.  A  few 
more  still  remain  to  be  added. 

The  Main  Committee  as  a  whole  does 
not  attempt  to  deal  with  the  great  va- 
riety of  subjects  presented  to  it  for 
standardization.  It  has  followed  the 
practice  of  creating  Sectional  Commit- 
tees, each  of  which  is  charged  with  in- 
vestigating, and  reporting  on  a  specific 
subject;  these  Sectional  Committees  in 
turn  have  the  pow'er  of  appointing  Sub- 
Committees  for  dealing  with  details  and 
sub-divisions  of  the  subjects  in  question. 
The  control  of  the  whole  work,  however, 
remains  in  the  hands  of  the  Main  Com- 
mittee and  no  drawings  or  specifications 
can  be  issued  without  its  final  confirma- 
tion. There  are  now  thirty-nine  com- 
mittees, with  a  membership  of  nearly 
300.  The  diagram  shows  the  relation  of 
the  Sectional  Committees  and  Sub-Com- 
mittees to  the  Main  Committee. 

The  Committee  as  thus  constituted  has 
been  at  work  for  the  last  five  years.  Its 
standards  in  all  the  numerous  branches 
of  trade  are  gradually  but  surely  finding 
their  way  into  general  acceptance  and  use 
throughout  the  country.  The  beneficial 
effects  of  its  work  are  apparent  in  two 


general  directions:  in  the  first  place,  the 
Committee  has  afforded  an  impartial 
meeting  ground  where  the  different  and 
sometimes  conflicting  interests  of  de- 
signer, purchaser  and  producer  can  be 
openly  and  thoroughly  discussed,  and, 
secondly,  its  labors  have  shown  that 
there  are  many  points  in  engineering 
manufactures  which  greatly  needed 
further  experimental  investigation  on 
scientific  lines.  The  special  inquiries 
conducted  by  the  Standards  Committee 
have  been  carried  out  in  various  manu- 
facturing establishments  throughout  the 
country,  or,  when  they  entailed  scien- 
tific investigations  for  which  the  manu- 
facturers had  not  facilities,  in  the  Na- 
tional Physical  Laboratory. 

The  National  Physical  Laboratory 
has  co-operated  with  the  Committee  in 
a  great  deal  of  very  important  work. 
Among  the  more  important  of  its  in- 
vestigations may  be  mentioned  a  long 
series  of  experiments  to  ascertain  the 
effect  of  temperature  on  insulating  ma- 
terials, an  investigation  of  the  relation 
existing  between  the  mean  temperature 
of  a  field  coil  and  the  maximum  tem- 
perature of  the  hottest  part  of  the  same 
coil,  and  an  exhaustive  series  of  tests  to 
establish  standards  of  life  and  efficiency 
of  carbon-filament  glow  lamps.  A 
further  set  of  electrical  experiments  are 
to  be  carried  out  on  high-tension  dielec- 
trics, with  the  object  of  deciding  certain 
vexed  questions  connected  with  the  test- 
ing of  electrical  machinery.  In  the 
field  of  mechanical  engineering,  the 
Laboratory  has  assisted  the  Committee 
in  fixing  the  standards  of  accuracy  for 
running  fits.  It  has  also  carried  out 
the  verification  of  the  British  standard 
templates  for  tramway  and  railway  rails, 
and  for  the  British  standard  pipe  flanges. 
An  arrangement  has  been  made  with  the 
authorities  of  the  Laboratory  by  which 
various  sets  of  standard  gauges  shall 
be  deposited  there,  to  be  available  from 
time  to  time  as  reference  sets  for  check- 
ing the  working  gauges  of  manufactur- 
ers throughout  the  country.  So  far, 
gauges  for  tramway  and  railway  rails, 
fish  plates  and  pipe  threads  have  been 
deposited ;  standard  gauges  for  caps  of 
glow  lamps  and  for  the  threads  of  spark- 
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ing  plugs  of  internal-combustion  engines 
will  shortly  be  available,  and  the  system 
will  be  further  extended  in  all  directions. 

Only  brief  mention  can  be  made  of 
the  subjects  Sir  John  Wolfe  Barry  se- 
lects as  salient  instances  of  the  class  of 
work  done  by  the  Committee.  In  the 
field  of  marine  and  naval  engineering  it 
has  succeeded  in  drafting  a  set  of 
standard  sections  and  standard  specifi- 
cations for  materials  which  have  been 
accepted  by  Lloyd's  and  the  other  regis- 
try societies,  as  well  as  by  the  Govern- 
ment. Rolled  sections  for  buildings  and 
bridge  work  have  also  been  standard- 
ized. The  commercial  advantage  of 
standard  sections  is  especially  well  il- 
lustrated in  the  case  of  txamway  rails. 
Before  the  publication  of  the  Com- 
mittee's standards  there  were  over  sev- 
enty sections  of  rails  in  the  country; 
this  number  was  reduced  by  the  Com- 
mittee to  five  standard  sections  with  five 
corresponding  sections  for  use  on  curves. 
Over  80  per  cent,  of  the  total  tramway 
rails  now  rolled  are  of  these  standards. 

The  standard  specifications  for  Port- 
land cement  have  been  of  great  benefit 
both  to  the  manufacturers  and  consum- 
ers. In  the  electrical  field,  besides  co- 
operating with  the  National  Physical 
Laboratory  in  the  investigations  already 
mentioned,  the  Committee  has  published 
specifications  for  the  construction  and 
testing     of     electricity     supply     meters 


which  are  doing  much  towards  raising 
the  standard  of  these  instruments,  to  the 
advantage  of  both  maker  and  user. 

The  Whitworth  standards  for  screw 
threads  have  been  extended  to  cover 
threads  of  finer  pitches  than  those  of  the 
original  Whitworth  series.  A  series  of 
tables  has  been  drawn  up  showing  the 
amount  of  variation  allowable  in  nuts 
and  on  the  corresponding  spanners.  The 
standards  for  pipe  threads  evolved  by  the 
Committee  are  to  be  definitely  adopted 
by  the  tube  trade  on  July  i  next.  Besides 
the  reference  gauges  for  pipe  threads 
deposited  in  the  National  Physical  La- 
boratory, a  travelling  set  of  gauges  is 
being  sent  to  the  manufacturers  in  vari- 
ous parts  of  the  country  for  the  purpose 
of  checking  the  shop  and  working 
gauges.  It  is  confidently  hoped  that  by 
this  means,  in  addition  to  interchange- 
ability,  a  higher  standard  of  accuracy  of 
production  will  be  attained. 

The  Committee  has  adopted  a  general 
rule  that  only  materials  and  sections 
should  be  standardized,  leaving  to  the 
engineer  the  decision  as  to  how  the 
standard  forms  and  materials  should  be 
applied  to  solve  the  problems  of  whole 
structures  or  machines.  In  one  notable 
instance,  however,  the  Committee  has 
departed  from  this  rule.  At  the  request 
of  the  Secretary  of  State  for  India  the 
Committee  has  undertaken  and  com- 
pleted the  standardization  of  five  distinct 
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types  of  locomotives  for  the  Indian 
railways;  four  other  types  are  now 
under  consideration.  Since  1905  nearly 
1,000  locomotives  of  the  British  standard 
types  have  been  built. 

The  Committee  has  been  fully  alive  to 
the  disadvantages  which  would  result 
from  injudicious  or  incomplete  stand- 
ardization ;  it  is  equally  cognizant  of  the 
risk  of   impeding  progress  through  the 


stereotyping  of  design.  This  latter  as- 
pect of  the  question  the  Committee  has 
had  continually  before  it  ever  since  the 
beginning  of  the  movement;  it  has  taken 
adequate  steps  to  perpetuate  its  organi- 
zation and  has  evolved  methods  to  pro- 
vide from  time  to  time  for  the  con- 
sideration of  each  type  drawing  and  spe- 
cification, and  for  their  revision  if  ex- 
perience shows  that  revision  is  desirable. 


1 


A  NEW   TEST    FOR   CONCRETE. 

A   METHOD  OF  DETERMINING    THE  EFFICIENCY   OF  THE   MIXING   PROCESS. 

/.  ^.  Owens — Society  of  Engineers. 


SPECIFICATIONS  for  concrete  con- 
struction usually  state  clearly  the 
tests  which  the  cement  must  sat- 
isfy, the  exact  nature  and  proportions  of 
the  aggregate,  and  the  method  of  mixing 
which  is  to  be  used.  The  nature  of  the 
actual  material  is  clearly  specified  in  the 
case  of  each  of  the  separate  ingredients, 
but  in  the  case  of  the  concrete  itself  only 
the  method  of  arriving  at  a  certain  re- 
sult is  prescribed.  The  omission  of 
clauses  covering  the  quality  of  the  re- 
sulting concrete,  which  depends  ulti- 
mately on  the  thoroughness  with  which 
the  mixing  process  is  carried  out,  is  a 
weakness  in  ordinary  specifications 
which  may  entirely  nullify  the  care  with 
which  they  have  otherwise  been  drawn. 
Hitherto  the  omission  has  been  to  a  cer- 
tain extent  excusable  because  of  the  lack 
of  a  reliable  and  rapid  method  of  deter- 
mining whether  the  mixing  of  concrete 
has  been  efficiently  done ;  but  a  very  sim- 
ple and  satisfactory  test  for  this  purpose 
has  recently  been  devised  by  Dr.  J.  S. 
Owens,  who  describes  it  at  length  in  a 
paper  read  before  the  Society  of  Engin- 
eers on  March  i,  of  which  the  following 
is  a  brief  abstract. 

The  methods  of  determining  when 
concrete  has  been  properly  mixed,  which 
have  been  used  up  to  the  present,  are : 
(i)  inspection  of  the  mass,  a  crude  and 
ineffective  method,  except  for  determin- 
ing the  distribution  of  water,  on  account 
of  the  impossibility  of  detecting  by  the 
eye  alone  any  but  very  considerable  vari- 
ations in  the  proportions  of  different 
parts  of  a  batch  of  concrete;  (2)  testing 


briquettes  made  from  samples  taken 
from  different  parts  of  the  mass,  a  meth- 
od sound  in  principle  but  useless  as  a 
field  test  on  account  of  the  length  of 
time  which  must  elapse  before  the  result 
can  be  known;  and  (3)  inspection  of  the 
distribution  in  the  fractured  surface  of 
broken  sample  briquettes  of  a  pigment 
added  to  the  concrete,  an  ingenious 
method  but  one  clearly  not  applicable  to 
testing  concrete  in  the  field. 

Concrete  is  properly  mixed  only  when 
the  various  ingredients  are  as  uniformly 
distributed  as  the  size  of  the  particles 
composing  them  will  admit.  To  be  prac- 
ticable a  test  to  determine  whether  this 
uniformity  of  distribution  has  been  at- 
tained should  show  in  some  simple  way 
whether  small  samples  taken  from  dif- 
ferent parts  of  a  heap  of  concrete  con- 
tain the  same  relative  proportions  of 
stone,  sand  and  cement.  "A  knowledge 
of  the  different  rates  of  settlement  in 
water  of  materials  composed  of  different 
sized  particles,  of  the  same  specific  grav- 
ity, suggested  that  this  peculiarity  might 
be  utilized  to  separate  rapidly  the  ingre- 
dients composing  concrete.  A  series  of 
experiments  was  undertaken  to  deter- 
mine the  practical  value  of  the  method. 
It  was  found  that  when  a  sample  of  con- 
crete, freshly  mixed,  was  placed  in  a 
tall  narrow  glass  vessel  nearly  full  of 
water  and  shaken  up,  on  standing,  the 
cement,  sand  and  stone  settled  at  very 
different  rates.  The  large  stones  col- 
lected af  the  bottom;  over  them  and 
clearly  defined  came  a  layer  of  sand ;  and 
over  the  sand  a  layer  of  cement,  the  lines 
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of  demarcation  being  perfectly  distinct. 
The  next  question  was  to  determine 
whether  the  thickness  of  these  layers 
was  directly  proportional  to  the  amount 
of  material  present  in  the  sample;  if  so, 
here  was  a  method  of  telling  at  once 
whether  each  sample  contained  the  same 
proportions.  It  was  not  essential  to 
know  the  exact  amount  of  material  pres- 
ent in  each  layer,  but  simply  whether 
the  relative  proportions  were  the  _  same 
in  each  sample."  The  reliability  of  the 
test  has  been  confirmed  by  a  large  num- 
ber of  experiments  which  are  described 
ni  Mr.  Owens'  paper. 

The  rate  of  settlement  of  particles  in 
water,  if  of  the  same  specific  gravity,  is 
governed  by  their  size.  For  particles 
over  0.0039  inch  in  diameter,  the  velocity 
of  descent  varies  as  the  square  root  of 
the  diameter;  this  is  the  law  which  gov- 
erns the  settlement  of  sand.  Particles 
of  cement  which  passes  the  fineness  test 
prescribed  by  the  British  Standard  Spe- 
cifications (not  more  than  18  per  cent  on 
a  i8o-mesh  screen)  are,  however,  under 
this  diameter;  their  rate  of  settlement 
varies  with  the  square  of  the  diamete'*, 
the  viscosity  of  the  liquid  in  this  case 
controlling  the  velocity  of  descent.  In  a 
tube  of  sufficient  height  to  effect  a  good 
separation,  the  falling  velocity  of  the 
sand  is  about  30  times  as  great  as  that 
of  the  cement.  To  bring  out  the  differ- 
ence in  the  rate  of  settlement,  a  tall  ves- 
sel is  necessary,  since  the  object  is  to 
make  the  time  interval  between  the  vari- 
ous sized  particles  as  great  as  possible. 

Cement  reaches  its  final  settlement 
very  slowly.  Even  after  the  water  has 
become  perfectly  clear  the  layer  will  con- 
tinue to  shrink  for  some  little  time.  The 
measurement  should  be  made,  of  course, 
only  after  the  layer  has  reached  its 
minimum  thickness.  The  thickness  de- 
pends to  some  extent  on  the  time  during 
which  the  cement  is  in  contact  with  the 
water,  owing  doubtless  to  the  reaction 
between  the  cement  and  the  water;  it  is 
clear,  therefore,  that  comparison  as  to 
the  amount  of  cement  present  can  only 
be  made  by  this  method  when  the  sam- 
ples are  from  the  same  mixing,  though 
a  few  minutes  more  exposure  in  one 
sample  than  in  another  will  make  little 


difference.  An  error  of  much  more  im- 
portance is  introduced  if  too  small  a 
quantity  of  water  is  used  in  the  tube. 
The  sand  and  gravel  in  sett'ing  en- 
tangle a  certain  amount  of  cement, 
which  increases  as  the  amount  of  water 
is  decreased.  The  amount  is  negligible, 
however,  when  the  column  of  water  is 
at  least  four  times  as  high  as  the  column 
of  concrete. 

The    strength     of    concrete     depends 
practically  on  the  strength  of  the  mortar 
which  cements  the  larger  pieces  of  stone 
together.      In    determining    proportions, 
the  ratio  of  cement  to  sand  will  be  fixed 
by  the  strength  of  the  concrete  required, 
and  the  amount  of  coarser  particles  of 
stone  or  gravel  which  may  be  added  will 
be  the  largest  amount  which  permits  of 
complete    separation    of    the    individual 
particles  by  the  mortar.     An  increase  of 
the  amount  of  mortar  over  a  little  more 
than    sufficient    to  fill    the  voids  in  the 
stone  or  gravel  does  not  mean  any  im- 
provement in  the  strength  or  imperme- 
ability of  the  concrete.      It    is    a    well 
known  fact  that  to  mix  mortar  effective- 
ly requires  more  work  than  to  mix  con- 
crete  containing   coarser   particles.     "It 
is  therefore  obvious  that  if,  when  mix- 
ing concrete,  it  can  be  shown  that  the 
sand  and  cement  are  thoroughly  mixed 
together,    we    may    feel    sure    that    the 
coarser  particles  are  properly  distributed 
throughout   the   mass.     The   importance 
of  this  is  that  it  removes  a  difficulty  in 
the   practical   carrying  out   of   the   test, 
since   it   is  unnecessary  to  measure  the 
amount  of  coarse  particles  of  stone  in  a 
sample  if  we  can  measure  the  sand  and 
cement.     If,  therefore,  the  samples  con- 
tain slightly  different  amounts  of  mor- 
tar,  as   may   happen   if   we   include   the 
coarse  particles  in  taking  them,  this  will 
not  affect  a  conclusion  drawn  from  the 
relative    amounts    of    sand    and    cement 
present  in  each.    Again  we  may  entirely 
remove  the  stones  from  our  sample,  as 
is   convenient   in   dealing  with   concrete 
having  a  coarse  aggregate,  and  test  the 
mortar  only,  knowing  that  if  it  is  well 
mixed  the  concrete  is  well  mixed." 

This  method  of  testing  has  been  used 
with  complete  success  in  connection  with 
the  construction  of  a  large  reinforced- 
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concrete  building.  The  concrete  was 
mixed  by  machine  in  the  proportion  of 
4  cubic  feet  of  gravel  to  2  cubic  feet  of 
sand  to  100  pounds  of  cement.  The 
largest  particle  of  gravel  would  pass  a 
^-inch  ring.  The  details  of  the  tests 
were  as  follows :  Two  test  glasses  were 
used,  having  a  diameter  of  1.5  inches  and 
a  height  of  13  inches;  a  funnel  fitting 
into  the  top  of  the  glasses  was  provided, 
and  a  conical  wire  screen  fitting  into  the 
funnel;  the  screen  had  meshes  about 
one-twelfth  of  an  inch  square,  or  144  to 
the  square  inch.  Two  samples  were 
taken  in  a  small  tin  measure,  containing 
6.2  cubic  inches,  each  being  taken  from 
a  different  part  of  the  heap  of  concrete 
under  test.  The  funnel  with  its  screen 
having  been  placed  over  a  test  glass,  a 
sample  was  emptied  into  the  funnel,  care 
being  taken  to  wash  out  the  last  particle 
from  the  measure.     A  small  stream  ot 


water  was  then  allowed  to  trickle 
through  the  concrete,  which  was  stirred 
vigorously  meanwhile,  with  the  result 
that  all  the  cement  and  fine  sand  were 
washed  through  the  wire  screen  into  the 
test  glass,  and  in  about  a  minute  the 
coarse  stones  were  left  perfectly  clean  in 
the  funnel.  These  were  thrown  away, 
or  retained  for  measurement  if  desired : 
and  the  test  glass,  having  been  filled  to 
within  about  an  inch  of  the  top  with 
water,  was  shaken  and  placed  to  settle. 
The  sand  commenced  to  fall  immediately 
and  was  all  down  in  a  few  seconds, 
leaving  the  cement  in  suspension  in  the 
water ;  the  cement  then  gradually  settled 
down,  and  in  about  10  minutes  reached 
a  layer  of  minimum  thickness.  The 
depth  of  the  sand  and  cement  in.  each 
glass  was  then  measured.  The  consist- 
ency of  the  results  given  by  the  test  is 
illustrated  by  the  following  table : 


Table  Showing  Results  of  Tests  on  Machine-Mixed  Concrete. 
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STORAGE    BATTERIES   IN   ELECTRIC   POWER   TRANSiMISSION. 

THE  ECONOMY  OF  ACCUMULATOR  SUB-ST a.TIONS  AT  DISTRIBUTION  CENTRES. 

A.  M.  Taylor — Institution  of  Electrical  Engineers. 


THE  advantages  of  storage  batteries 
for  equalizing  fluctuating  loads 
in  isolated  electric-power  plants 
are  well  established,  and  their  installa- 
tion has  received  the  sanction  of  very 
wide  application.  Mr.  A.  M.  Taylor  be- 
lieves that  accumulators  have  no  less  im- 
portant an  application  for  equalizing 
loads  on  long  transmission  lines.  In  a 
paper  read  recently  before  the  Birming- 
ham Section  of  the  Institution  of  Elec- 
trical Engineers,  published  in  The  Elec- 
trical Engineer  for  March  12,  he  advo- 
cates their  installation  on  a  large  scale 
in  sub-stations  at  centres  of  distribution, 
and  shows  the  important  reduction  in 
first  cost  of  the  line  which  may  be  ob- 
tained by  their  use.  We  quote  from  his 
paper  at  length. 


''The  cost  of  long-distance  three-phase 
overhead  lines  may  be  divided  up  into 
the  cost  of  copper  and  the  cost  of  sup- 
ports. The  capital  cost  of  copper  at  £60 
per  ton,  employing  an  initial  voltage  of 
270  volts  per  mile  of  line,  a  current  den- 
sity of  250  amperes  per  square  inch,  and 
a  combined  drop  of  35  volts  per  mile, 
amounts  to,  roughly,  £20  per  effective 
kilowatt  transmitted,  assuming  power 
factor  equal  to  80  per  cent.  On  a  100- 
mile  line  this  would  mean  an  initial  volt- 
age of  27,000,  a  total  combined  drop  of 
13  per  cent,  and  a  capital  cost  of  £20  per 
kilowatt  transmitted,  which  on  a  25  per 
cent,  load  factor,  and  taking  interest, 
sinking  fund,  maintenance,  and  deprecia- 
tion at  25  per  cent,  per  annum,  would 
mean  a  charge  of  roughly  J/^d.  per  unit 
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transmitted.  By  increasing'  the  length 
of  line  to  122  miles,  the  line  voltage  be- 
ing kept  at  27,000,  the  capital  cost  per 
kilowatt  would  be  increased  to  £30  per 
kilowatt  transmitted. 

"So  much  for  the  copper  part  of  the 
line;  now  for  the  supports.  For  light 
lines  we  may,  perhaps,  take  £200  per  mile 
as  a  minimum  figure,  while  for  heavy 
lines  £500  per  mile  may  be  easily 
reached,  excluding  wayleaves.  Assume 
the  power  delivered  to  receiving  end  of 
line  to  b^,  say,  10,000  kilowatts;  this 
would  require  the  heavier  line  construc- 
tion, but,  on  the  other  liand,  the  cost  per 
kilowatt  would  come  out  less  than  if  we 
took  a  much  lighter  line,  suited  to  the 
cheaper  posts  and  insulators.  A  line  100 
miles  long  would,  therefore,  cost  £50,000, 
or  £5  per  kilowatt  transmitted  for  the 
capital  cost  of  poles  and  insulators.  The 
smaller  line,  for,  say,  1,000  kilowatts, 
would  have  cost  £20  per  kilowatt  trans- 
mitted, for  the  same  items.  It  will  be 
evident  that  on  copper  figures,  and  with 
a  limit  of  27,000  volts  and  10.000  kilo- 
watts, 100  to  120  miles  is  about  the  eco- 
nomical limit  for  the  bulk  of  the  trans- 
mission, and  50  miles  with  1,000  kilo- 
watts, except  where  coal  is  very  dear.  It 
will  be  granted  that  any  means  which 
would  halve  the  cost  of  the  copper  in  the 
line  would  virtually  increase  by  some  30 
to  40  per  cent,  the  possible  distance  of 
supply  (in  bulk),  and  thus  be  extremely 
.useful  in  bringing  the  water  power — 
which  is  mostly  in  inaccessible  spots — to 
the  big  towns,  where  there  is  a  demand 
for  the  power.  It  will  probably  be  also 
agreed  that  in  many  cases,  especially 
where  the  line  has  to  traverse  mountain- 
ous districts  for  many  miles,  and  is  sub- 
ject to  interruptions  through  difficulties 
of  inspection,  etc.,  it  becomes  desirable 
to  duplicate  both  poles  and  wires,  and 
the  cost  of  the  line  is  thereby  doubled. 

"The  author's  proposal  is  that  electric- 
al storage  on  a  large  scale  should  be  car- 
ried out  at  the  distributing  centres,  the 
reliability  of  the  line  being  thereby  in- 
creased to  an  extent  that  would  warrant 
a  second  line  being  dispensed  with.  At 
the  same  time,  he  hopes  to  show  that  it 
is  not  necessary  to  trade  upon  the  latter 
assumption  in  order  to  show  a  case  for 


storage.      The    batteries    would    be    ar- 
ranged  to  take   up   50  per  cent,  of  the 
peak,  thereby   halving  the  copper  costs 
for  the  line.    In  the  case  of  a  10,000  kilo- 
watt, i22-.mile  transmission  w^.h  a  single 
line,  it  will  be  found  that,  without  raising 
the  E.M.F.  or  increasing  the  line  drop, 
the   radius   of   transmission   can   be   ex- 
tended to   165  miles   for  the  same  total 
capital  cost  of  30  +  6  =  £36  per  kilowatt 
transmitted.   To  cover  this  distance,  with 
a  single  line,  and  with  tlie  E.M.F.  limited 
to  27,000  volts,  would  have  cost,  without 
storage,  some  £63  per  kilowatt  transmit- 
ted.    The  storage  scheme  is  thus  some 
£27  per  kilowatt  the  cheaper,  as  far  as 
the  line  is  concerned.   If  the  122-mile  line 
above  considered  had  been  run  in  dupli- 
cate, as  regards  the  copper,  only  one  line 
of   poles,   however,  being  provided,   the 
radius  of  transmission  could  have  been 
extended   from   122   miles   to  about   230 
miles  without  increasing  the  capital  costs. 
"It  will,  no  doubt,  be  objected  that  the 
author  has  taken  too  low  a  voltage,  and 
that  50,000  volts  might  with  advantage 
have  been  considered.   But  against  this  it 
may    be    said    that    the    higher    voltage 
brings  its  own  disadvantages,  and  that, 
where  the  line  has  to  pass  through  damp 
or   smoky   districts,   the   higher   voltage 
would    be    risky.     Another    point    that 
makes   for  the   reduction  in  voltages   is 
the  fact  that  the  distributing  part  of  the 
line  not  infrequently  equals  the  transmit- 
ting  part    of   the    line    in    length    or    is 
worked  at  a  lower  voltage.    Consequent- 
ly, the  total  cost  of  the  line  and  distribu- 
tors will  really  be  that  of  a  line  working 
at  an  average  voltage  much  below  that 
of  the   initial   voltage;   and   any   saving 
effected  on  the  first  part  of  the  line  i§,  in 
part,    compensated    by    the    cost    of   the 
extra    step-down    transformers    and    the 
higher  insulation  wanted  throughout  the 
high-tension    section.     In    the    example 
already    considered    the    resistance    loss 
would  be  8  per  cent.,  and  with  a  current 
density  of  400  amperes  per  square  inch 
this   might   be    run   up   to    16   per   cent. 
With  a  battery  at  the  distant  end  of  the 
line  a  much  greater  resistance  drop  than 
8  per  cent,  could  be  allowed  in  the  line 
without  the  regulation  of  voltage  being 
seriously  affected;  and  it  will  probably 
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be  conceded  that,  in  most  cases,  a  greater 
resistance  drop  will  be  considered  pre- 
ferable to  the  risks  introduced  by  in- 
creasing the  voltage.  One  disadvantage 
of  the  lower  voltage  wotdd  be  the  con- 
siderably increased  reactance ;  but  the  re- 
duced generator  capacity  caused  by  this 
can  be  eliminated  at  moderate  cost. 

"It  will,  of  course,  be  understood  that, 
whether  50,000  volts  or  30,000  volts  be 
employed,  the  percentage  increase  in  the 
length  of  the  line  effected  by  the  use  of 
accumulators,  for  a  given  total  copper 
cost,  remains  unaltered ;  but  the  item  for 
supports  is  evidently  greater,  in  propor- 
tion to  that  for  the  copper,  with  the 
higher  voltage,  and  somewhat  reduces 
the  length  that  would  otherwise  be  per- 
missible. If,  as  suggested  above,  we  take 
account  of  the  much  greater  facilities 
for  regulation  provided  by  the  employ- 
ment of  storage  at  the  receiving  end  of 
the  line,  it  will  be  found  possible  to  dou- 
ble the  resistance  drop  in  the  line  and 
thus  to  roughly  double  the  distance  of 
transmission.  Thus,  the  122-mile  single 
line  considered  could  be  lengthened  to 
220  miles,  without  any  additional  cost 
being  incurred  on  the  line,  by  the  em 
ployment  of  storage ;  while  had  the  line 
been  originally  laid  out  in  duplicate  (as 
far  as  the  copper  is  concerned)  it  could 
have  been  extended  to  304  miles  for  the 
same  total  cost  in  copper  and  supports. 

*'The  author  suggests  that,  considering 
the  desirability  of  being  able  to  shut 
down  one  half  of  the  line  copper  for 
repairs  to  insulators,  etc.,  it  will  often 
be  found  advantageous  to  provide  the 
spare  copper  circuit,  where  there  is  no 
storage.  With  storage  at  the  consum- 
er's end  of  the  line  it  is,  of  course,  possi- 
ble lo  deaden  the  line  at  certain  times  of 
the  day  without  interrupting  the  supply. 
The  batteries  and  auxiliaries  required 
for  storage  can  in  most,  if  not  all,  cases 
be  provided  for  out  of  the  saving  in  gen- 
erating plant,  step-up  and  step-do.wn 
transformers,  turbines,  head  works,  and 
buildings,  only  half  the  hor^e-power  be- 
ing needed  that  would  otherwise  be  re- 
quired. Where  the  heads  of  water  are 
low  the  costs  of  the  plant  and  head 
works  run  up  rapidly.  '  In  some  of  the 
Swiss  water  powers,  the  average  figure 


is  about  £73  per  kilowatt.  On  falls  such 
as  these  the  saving  in  generating  plant 
and  head  works  would  suffice  to  extend 
the  line  to  no  less  than  210  miles  without 
increasing  the  total  capital  cost  of  the 
scheme,  as  compared  with  a  single-line 
122-mile  scheme  without  storage.  The 
further  extension,  due  to  saving  in  line 
copper,  has,  of  course,  to  be  added. 

"The  cost  of  batteries  to  deal  with  a 
load  curve  of  the  type  under  considera- 
tion would  be  about  £10  per  kilowatt,  to 
which  about  £3  los.  per  kilowatt  must  be 
added  for  auxiliaries  and  accessories,  on 
alternating-current  systems.  Where  the 
batteries  cannot  be  paid  for  out  of  the 
savings  in  generating  plant,  they  must, 
of  course,  be  paid  for  in  part  out  of  the 
line  savings — that  is,  the  full  benefit  of 
the  increased  lengths  above  indicated 
cannot  be  obtained.  The  advantage  of 
having  a  stand-by  at  the  consumers'  end 
of  the  line,  equal  to  the  maximum  capac- 
ity of  the  whole  scheme  for  short  peri- 
ods, is  one  which,  of  course,  cannot 
easily  be  expressed  in  monetary  value, 
but  is  nevertheless  very  great.  The  sav- 
ings on  a  large  power  transmission 
scheme  by  the  introduction  of  storage 
are  not  confined  to  the  items  above  con- 
sidered, such  fixed  charges  as  wages, 
management,  taxes,  water-power,  pur- 
chase rights,  etc.,  being  all  reduced  with 
the  reduction  in  the  rated  size  of  the 
generating  station  and  line;  and  these 
would,  the  author  estimates,  more  than_ 
pay  for  the  cost  of  maintenance  of  the 
i)atteries  and  auxiliaries. 

"The  author  believes  that  similar  ar- 
guments to  the  above  will  influence  those 
power  companies  which  have  to  cover 
large  areas,  in  the  direction  of  putting 
down  accumulators  at  the  distributing 
centres,  or  offering  their  customers  such 
terms  for  current  during  restricted 
hours,  for  charging  purposes,  as  will  in- 
duce them  to  themselves  put  down  accu- 
mulators. Take  the  case  of  a  small  town 
on  the  outskirts  of  a  power  company's 
area.  If  the  power  company  has  to  run 
a  special  feeder  out  to  that  town,  it  may 
easily  happen  that  the  cost  of  that  feed- 
er, especially  if  in  duplicate,  may  run 
into  £to  or  more  per  kilowatt  of  maxi- 
mum demand,  and  if  the  load  factor  is 
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low  this  is  a  serious  item.  In  tliis  case 
tlie  savinj^s  in  fixed  cliarges  at  the  gen- 
erating" station  would  alone  pay  for  the 
cells,  and  the  saving  in  the  feeder  could 
be  put  down  as  clear  profit.  Or,  again,  a 
power  company  covering  a  very  large 
area,  and   confined  by  lack  of   facilities 


for  cheap  power  production  to  one  part 
only  of  this  area  for  its  generating  sta- 
tion, might  find  it  practicable  materially 
to  reduce  the  costs  of  its  general  trans- 
mission and  distribution  system,  as  well 
as  improve  its  reliability,  by  employing 
large  batteries  in  its  own  sub-stations.'* 


REINFORCED-CONCRETE    BARGES   AND    PONTOONS. 

A  DESCRTFTION  OF  SUCCESSFUL  STRUCTURES  I5UILT  IN  THE  TIBER,   AT  ROME. 

E.  Lcmaire — Le  Genie  Civil. 


ONE  of  the  most  curious  uses  to 
which  reinforced  -  concrete  has 
been  put  is  its  application  in  the 
construction  of  boats.  The  idea  of  util- 
izing the  peculiar  properties  of  this  ma- 
terial in  floating  structures  is  by  no 
means  new ;  it  has  been  proposed  at  vari- 
ous times  since  those  properties  became 
generally  understood.  The  difficulties  to 
be  overcome  were  not  great,  but  they 
were  sufficiently  numerous  to  prevent 
very  rapid  progress.  For  several  years, 
however,  the  Gabellini  firm  of  concrete 
contractors  in  Rome  have  been  building 
in  the  Tiber  reinforced-concrete  lighters 
and  pontoons  which  have  given  very  sat- 
isfactory service.  The  following  brief 
description  of  the  structures  is  taken 
from  an  article  by  E.  Lemaire  in  Lc 
Genie  Civil  for  February  6. 

It  is  evident,  of  course,  that  the  field 
of  concrete  in  naval  construction  is  very 
limited.  It  is  applicable  to  boats  which 
are  intended  only  for  short  voyages  or  to 
floating  structures  which  may  remain 
stationary,  in  which  a  heavy  shell  is  not 
an  inconvenience  and  may  even  be  an 
advantage.  Stationary  pontoons  which 
may  require  ballasting,  and  lighters  for 
loading  and  discharging  ships  are  typical 
structures  to  which  the  material  is  well 
suited;  they  are  indecl  the  only  struc- 
tures to  which  it  has  been  applied.  Light- 
ers often  have  to  be  navigated  light ;  a 
heavy  hull  gives  a  stability  which  adds 
much  to  the  ease  with  which  they  can  be 
handled.  The  deeper  draught  of  rein- 
forced-concrete  lighters  increases  the  re- 
sistance to  towing,  but  its  effect  is  largely 
counteracted  by  the  lower  coefficient  of 
friction  between  smooth  concrete  and 
water,  than  between  water  and  iron  or 
wood. 


The  advantages  of  concrete  as  a  mate- 
rial of  construction  for  boats  of  this 
class  may  be  briefly  summarized.  Marine 
growths  cannot  readily  attach  themselves 
to  the  smooth  surface  of  the  concrete. 
The  boats  are  incombustible,  they  can  be 
easily  kept  in  a  clean  and  sanitary  con- 
dition, they  are  impermeable,  imputres- 
cible  and  not  subject  to  corrosion  by 
chemicals  in  solid  or  liquid  form  when 
loaded  in  bulk.  Sea  water  has  practically 
no  effect  on  concrete  if  properly  made 
and  applied,  as  has  been  shown  by  M.  Le 
Chatelier.  Of  the  mechanical  properties 
of  reinforced  concrete  its  resistance  to 
shock  and  its  elasticity  make  it  particu- 
larly well  adapted  to  the  construction  of 
boats.  Boats  with  double  walls  are  prac- 
tically insubmersible  and  indestructible 
under  the  severest  shocks.  The  ease  and 
rapidity  with  which  repairs  can  be  made 
is  another  great  advantage. 

The  cost  of  reinforced-concrete  pon- 
toons is  between  that  of  wood  and  that 
of  iron  pontoons.  The  former  are  much 
more  durable.  The  first  concrete  pon- 
toons were  used  in  a  floating  bridge  over 
the  Po  in  1900;  they  have  needed  no  re- 
pairs since  that  time,  though  subjected 
to  stresses  from  the  impact  of  boats  and 
ice  which  formerly  destroyed  wooden 
pontoons  in  five  years.  At  least  a  hun- 
dred bridges  of  this  type  have  been  built 
in  the  valley  of  the  Po. 

The  first  boat  constructed  by  M.  Gabel- 
lini, with  the  exception  of  a  small  skiff 
1)uilt  in  1897,  was  the  Liguria,  a  150-ton 
barge  which  has  been  in  coal-carrying 
service  in  Civita-Vecchia  harbor  since 
January,  1906.  Four  other  barges  or 
lighters,  with  capacities  ranging  from  30 
to  80  tons,  are  employed  by  a  salt  com- 
pany in  Sardinia.     The  method  of  con- 
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struction  is  as  follows:  a  groundwork  of 
bars,  properly  spaced,  is  first  formed,  and 
en  it  is  spread  either  an  iron  screen  of  5 
10  10  millimetres  mesh,  or  sheet  metal. 
On  either  side  a  mortar,  consisting  of  a 
slow-setting  cement  mixed  with  a  silici- 
ous  sand  is  applied  with  a  trowel  in  lay- 
ers. When  the  mortar  has  set,  it  i:;  cov- 
ered with  a  layer  of  a  richer  mortar 
which  is  rubbed  with  the  trowel  while 
hardening  so  that  it  is  given  a  high 
polish.  In  boats  of  the  largest  size  the 
hull  is  about  25  millimetres  thick. 

This  method  of  construction  avoids  the 
necessity  of  using  costly  forms;  on  the 
other  hand  it  requires  materials  of  the 
best  quality  and  a  high  degree  of  skill  on 
the  part  of  the  workmen.  It  is,  however, 
the  only  method  which  could  be  success- 
fully used.  The  factor  of  safety  neces- 
sary to  ensure  sufficient  strength  in 
molded  concrete  would  increase  the 
thickness  of  the  hull  to  such  an  extent 
that  the  boat  would  be  too  heavy  for  use. 
Even  built  as  described  above,  concrete 
barges  are  much  heavier  than  iron  boats 
of  the  same  tonnage. 

Reinforced-concrete  boats  may  be  built 
in  any  place,  since  they  require  no  spe- 
cial material.  Take,  for  example,  the 
method  of  constructing  a  double-hull, 
150-ton  barge.  The  keel,  including  the 
stem  and  stern  posts,  consists  of  eight 
iron  bars,  24  millimetres  square,  laid  with 
ends  overlapping.  These  bars  are  curved 
to  the  desired  form  and  are  held  in  their 
respective  positions  by  iron  wires.     To 


the  keel  at  intervals  of  i^  metres  are 
attached  round  iron  rods  which  are  bent 
to  form  the  frame  of  the  hull;  they  are 
held  in  position  by  longitudinal  bars  at- 
tached to  their  free  ends.    Further  longi- 
tudinal reinforcement  is  attached  to  the 
frame  at  different  heights.  Over  all,  a  5- 
millimetre   screen   is   stretched   and   the 
mortar  is  applied  to  a  thickness  of  25 
millimetres,  as  described  above.     Inside 
this  outer  hull  a  second  hull  is  built,  dis- 
tant 15  centimetres  from  the  first.    Small 
concrete  joists,  5  centimetres  square  and 
15  centimetres  long,  are  placed  at  right 
angles  to  the  outer  hull  at  the  points  of 
intersection  of  the  reinforcing  bars,  the 
rich   mortar   having   been   omitted   over 
these  points  in  forming  the  outer  hull. 
Over  the  joists  is  stretched  a  rather  fine, 
3-millimetre  wire  screen,  which  receives 
first  a  layer  of  rich  and  then  a  layer  of 
ordinary  mortar.    While  the  latter  is  still 
soft,  a  screen  similar  to  that  used  in  the 
outer  hull  is  applied  to  it;  by  adding  the 
two  layers  of  mortar,  an  inner  hull  simi- 
lar to  the  first  is  obtained.     Five  trans- 
versal partitions   divide  the  interior  of 
the  barge  into  six  compartments.    There 
is  no  deck,  properly  speaking,  but  only 
a  sort  of  foot  way,  80  centimetres  wide, 
around  the  edge  of  the  boat  leaving  three 
large  hatchways  in  the  centre.    The  stem 
and  stern  posts  are  built  out  to  a  section 
of  15  by  30  centimetres.    They  are  co ve- 
ered on  the  outside  with  a  steel  plate  10 
millimetres  thick,   which   extends  below 
the  water  line. 


GAS   POWER   IN  GERMANY. 

ITS  EFFECTS  ON  THE  TENDENCIES  AND  DEVELOPMENT  OF  THE  NATIONAL  INDUSTRY. 

F.  E.  Junge — The  Iron  Trade  Review. 


THE  possibilities  of  the  gas  power 
plant  as  a  means  of  fuel  conserv- 
ation, so  admirably  reviewed  by 
Dr.  Charles  E.  Lucke  in  our  April  num- 
ber, are  strikingly  illustrated  by  a  sys- 
tem of  power  development  which  has 
been  widely  adopted  in  Germany  during 
recent  years,  principally  as  a  result. of 
the  advent  of  the  large  gas  engine  and 
an  intelligent  appreciation  of  the  im- 
portance of  the  rational  utilization  of 
coals.     This   is  the   generation  of  elec- 


trical energy  in  large  central  stations 
located  at  coal  mines  or  other  cheap 
sources  of  fuel  supply,  and  the  provision 
of  extensive  systems  of  power  exchange 
all  over  industrial  and  rural  districts. 
The  system  has  been  developed  to  such 
an  extent  as  to  produce  certain  well 
marked  effects  on  the  tendencies  and 
progress  of  the  national  industry,  a  few 
of  which  are  summarized  by  Dr.  F.  E. 
Junge  in  The  Iron  Trade  Review  for 
February  25. 
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■'I'lic  'electric  canalization,'  as  the  (jer- 
nians  call  it,  is  now  the  favorite  mode 
of  operation  in  Germany,  where  con- 
ditions are  especially  favorable  to  the 
scheme  on  account  of  the  fact  that  all 
sources,  exchanges  and  needs  are  so 
much  closer  to  each  other  than  they  are 
in  countries  of  extensive  cultivation  like 
America.  It  must  be  remembered  that 
the  total  area  of  Germany  is  only  fuur- 
iifths  the  area  of  Texas,  with  compara- 
tively meager  resources  and  a  popula- 
tion of  63,000,000  of  active  people  to 
support.  The  aim  of  the  system  of 
power  exchange  is,  of  course,  an  econ- 
omic one :  to  save  in  initial  and  operating 
costs  of  plants  and  to  balance  the  sta- 
bility of  output  by  a  corresponding  pro- 
vision for  consumption :  in  other  words, 
to  obtain  a  constant  high  load  factor  for 
the  combination  of  works,  which  are  lo- 
cated in  a  certain  commercial  distribu- 
tion sphere  relatively  to  each  other,  and 
to  provide  for  a  common  and  ample 
source  of  energy  in  cases  of  emergency. 
The  elimination  of  special  power  gen- 
erating units  and  costly  reserves  at  minor 
places  of  consumption,  and  the  mainten- 
ance of  a  constant  high  load  factor  at 
all  central  stations  are  the  cause  of 
great  savings  in  fixed  charges  and  oper- 
ating cost.  As  for  the  latter  item  it  is 
well  to  remember  that  in  some  gas 
power  plants  an  increase  of  the  load  fac- 
tor from  25  to  50  per  cent,  will  halve  the 
cost  of  power.  These  are  some  of  the 
technical   considerations. 

''Other  reasons  for  the  fast  spreading 
of  energy  distribution  from  mines  and 
furnaces  are  to  be  found  in  the  fact  that, 
m  a  country  where  the  railroads  are 
owned  by  the  government,  the  coal  mine 
owners  have  to  pay  considerable  sums 
10  the  state  for  transportation  charges. 
In  exchange  they  receive  from  the  gov- 
ernment a  not  over  quick  but  impartial 
service,  secret  rebates  are  unknown  and 
the  smallest  dealer  is  given  practically 
the  same  facilities  as  the  most  influential 
trust.  But  notwithstanding  all  that,  the 
aim  of  the  coal  owners,  in  Germany  as 
elsewhere,  is  to  get  tonnage,  or,  in  other 
words,  to  get  the  maximum  immediate 
profit  from  the  available  resources. 
Therfore    they    have    sought    for    other 


irade  outlets  for  their  goods  and  espec- 
ially for  such  as  will  liberate  them  from 
the  burden  of  government  charges  and 
control.  Now  technical  progress  has 
made  it  feasible  for  them  to  gasify  all 
the  lower  grades  of  coal,  those  contain- 
ing much  moisture  and  ash  and  even 
coking  coal,  right  at  the  mouth  of  the 
pit,  and  to  transmit  the  products  of  high- 
er order,  as  electric  current,  gas,  coke 
and  by-products,  to  the  markets.  These 
markets  are  offered  in  neighboring  cities, 
where  heat,  light  and  power  are  re- 
quired, and  by  railroads  and  canals. 

'"'This  mode  of  transforming  raw  coal 
into  products  of  a  higher  order  and 
transmitting  these  by  wire,  cable  or  pipe 
means  for  the  government  a  loss  of  in- 
come from  coal  freights,  with  no  sub- 
stitute to  fill  the  fiscal  purse.  It  is  nat- 
ural, therefore,  that  a  state  monopoly  for 
the  production  and  distribution  of  elec- 
tricity should  have  been  proposed.  How- 
ever, it  is  too  radical  a  proposition  to  be 
realized  at  once,  and  so  a  tax  on  elec- 
tricity and  gas  was  suggested  instead. 
Now  there  is  a  hue  and  cry  all  over 
Germany  that  a  new  burden  is  laid  on 
the  national  industries  in  addition  to 
those  which  territorial  adversities  and 
limitations  inflict  upon  it. 

"With  the  spirit  of  military  discipline 
permeating  the  whole  nation,  however, 
we  believe  it  proper  that  some  means  of 
control  should  be  devised  to  check  the 
over-zealous  efforts  of  private  monop- 
oly powers,  as  soon  as  their  business 
methods  become  dangerous  to  the  com- 
monwealth. This  is  the  case  with  over- 
land centrals,  who  become  the  suppliers 
of  heat,  light  and  power  to  large  and 
densely  populated  districts  of  the  coun- 
try and  are  placed  in  a  position  to  direct 
the  activities  of  a  thousand  depending 
industries,  communities  and  individuals, 
according  to  their  notion. 

"Now  the  ordinary  means  of  control- 
ing  the  price  policy  of  private  corpora- 
tions, which  the  German  government 
has  had  at  its  disposal  so  far,  consisted 
cither  of  adjusting  the  prices  of  identi- 
cal goods  produced  by  the  state,  as  is 
done  with  coal,  or  raising  or  lowering 
the  tariff,  as  the  case  may  be,  or  to 
regulate  freight  rates,  as  has  been  done 
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with  very  good  effects  in  a  number  of 
industries.  Obviously  these  three  means 
would  not  work  with  a  combine,  which 
generates  and  distributes,  besides  other 
products,  electric  current  on  a  large 
scale.  To  give  an  idea  of  the  size  of 
these  overland  centrals  we  may  men- 
tion the  Rhenish  Westfalian  Electric 
Central  Station,  or  rather  the  ''Ver- 
bandeselektrizitatswerk,'  with  a  gener- 
ating capacity  of  23,000  kilowatts  in 
1907.  Reports  from  t^e  largest  of  the 
combined  plants  show  for  1908  a  distri- 
buting net  of  43,400  kilowatts,  1,357  kilo- 
metres long.  In  the  lower  Rhenish  coal 
district  an  overland  central  will  supply 
the  counties  of  Cleve,  Geldern,  Kempen, 
Mors  and  Rees.  The  territory  supplied 
with  current  covers  483,000  acres,  with 
300,000  inhabitants,  11  large  and  127 
small  cities  and  490  villages.  It  is  obvi- 
ous that  a  dependence  of  such  a  vast 
number  of  public  and  private  interests 
upon  the  benevolence  of  an  electricity 
trust  is  dangerous.  I  do  not  share  the 
belief  that  a  tax  on  electricity  would 
harm  the  development  of  industry. 

"In  Germany  we  have  to  console  our- 
selves with  the  words  of  Lord  Bacon : 
'Prosperity  is  the  blessing  of  the  old 
testament;  adversity  is  the  blessing  of 
the  new,  which  carrieth  the  greater 
benedictions.'  Especially  is  this  so  in 
our  iron  industry.  Generally  speaking, 
the  vast  and  continuously  increasing  de- 
mand for  iron  and  steel  must  be  accom- 
panied, inevitably,  (i)  by  the  growing 
difficulty  of  finding  suitable  ores  in  suffi- 
cient quantities  and  qualities,  and  at 
convenient  distance  from  the  fuel  sup- 
ply; (2)  by  an  increase  in  the  weight  of 
coke  that  must  be  charged  at  the  fur- 
naces together  with  the  ore  for  smelting 
the  latter;  (3)  by  a  rise  in  the  cost  of 
production  for  half  finished  and  finished 
goods,  owing  to  the  higher  prices  that 
must  be  paid  for  ores,  fuels  and  labor." 

In  the  future,  even  more  than  in  the 
past,  the  productive  efficiency  of  iron  and 
steel  works,  especially  of  those  which 
own  no  coal  mines  and  have  no  control 
of  transportation  facilities,  will  depend 
upon  the  efficiency  of  the  utilization  of 
waste  gases  and  low-grade  fuels  for 
power   production,    in    the   place   of   the 


expensive  boiler  and  furnace  coals  now 
purchased.  "The  only  means  so  far  de- 
vised for  obtaining  proper  utilization 
consists  in  the  application  of  large  gas 
engines  in  the  central  station,  where  the 
weakness  of  the  gas  engine  as  a  prime 
mover  can  be  most  effectively  counter- 
acted and  its  good  points  fully  secured. 
This  modern  mode  of  operation  enables 
one,  owing  to  the  economic  generation 
and  transmission  of  electric  current, 
both  to  employ  electric  drives  all  over 
the  works,  thereby  securing  maximum 
economy  of  operation,  and  to  distribute 
the  remaining  energy  to  neighboring  in- 
dustrial centers,  cities,  railways,  water- 
ways, etc.,  at  a  profit.  In  some  sections 
of  our  country  this  combination  of  iron 
and  steel  works  with  overland  central 
stations  has  proved  very  profitable  to 
the  stockholders  of  the  concerns.  As  a 
fair  average  the  addition  of  a  gas  en- 
gine-driven station  to  a  combined  plant 
pays  about  20  per  cent,  interest  on  the 
capital  invested.  The  principal  condition 
for  success  is,  of  course,  that  markets 
for  the  disposal  of  current  are  not  too 
far  distant,  else  initial  cost  and  trans- 
mission losses  eat  up  the  profits. 

"The  most  unfavorable  conditions  for 
the  iron  industry  obtain  in  the  south- 
western part  of  Germany  and  in  Lux- 
embourg. There  coal  and  ore  are  not 
available  within  reasonable  distance. 
The  Minette  ores  contain  no  more  than 
28  to  30  per  cent,  iron  and  require  con- 
siderable quantities  of  coke  per  ton  of 
pig  at  the  furnace.  Coke  must  be 
shipped  either  from  the  Saar  or  from 
the  Ruhr  districts,  and  freight  rates  are 
high.  The  amount  of  coal  which  is  used 
in  the  steel  works  of  a  combined  plant 
averages  about  300  to  400  kilograms, 
(one  kilogram  equals  2.2  pounds)  per 
ton  of  finished  goods.  The  amount  of 
coke  required  in  the  furnace  averages 
1,000  kilograms  per  ton  of  pig,  or  35  to 
40  per  cent,  of  the  net  cost  of  pig. 

"When  coal  mines  are  attached  to 
iron  and  steel  works  coal  is  used  in 
various  ways:  (i)  the  inferior  grades 
of  coal,  mine  culm,  waste,  etc.,  are  gasi- 
fied in  producers  especially  equipped  for 
the  purpose,  preferably  recovering  from 
the   material   some   of   the   by-products; 
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(2)  fat  coal  is  coked  in  by-product  coke 
ovens,  with  the  recovery  of  tar,  benzol 
and  ammonia;  (3)  dust  coal  and  other 
material  of  small  size,  which  it  would  be 
unprofitable  to  transport,  is  cither  used 
for  direct  grate  firing,  or  it  is  gasified 
in  producers,  or  it  is  transformed  to 
briquettes,  and  the  surplus  of  these 
marketed  through  the  coal  syndicate. 

''The  most  efficient  of  all  processes  of 
coal  utilization  is  undoubtedly  the  coking 
of  it  in  by-product  coke  ovens,  and  the 
subsequent  use  of  the  coke  in  the  blast 
furnace.  One  ton  of  coking  coal  which 
is  thus  charged  to  the  oven,  and  which 
may  contain  five  per  cent,  ash,  20  per 
cent,  volatile  matter  and  75  per  cent, 
carbon,  will  produce  the  following 
values :  200  kilograms  of  volatile  matter 
give  2.5  kilograms  of  ammonia  or  9.7 
kilograms  of  sulphate  of  ammonia ; 
further  25  kilograms  of  tar,  4.5  kilo- 
grams of  benzol  and  135  effective  horse 
power  developed  in  coke-oven  gas  en- 
gines. The  750  kilograms  of  carbon 
charged  to  the  furnace  together  with  the 
ore,  will  yield  800  kilograms  of  pig  iron, 
1,000  to  1,500  kilograms  of  slag,  used  for 


making  cement  and  bricks,  and  600 
horsepower  developed  in  blast  furnace 
gas  engines. 

"As  a  matter  of  experience  the  sav- 
ings resulting  from  a  reduction  of  the 
fuel  bill  by  the  adoption  of  gas  power 
vary  from  50  cents  to  $1.25  per  ton  of 
pig  made,  according  to  the  locality  and 
extent  of  application.  The  income  from 
surplus  energy  and  from  by-products 
will  naturally  be  higher  in  a  concen- 
trated country  like  Germany,  with  highly 
developed  chemical  industries,  than  it 
could  be  in  the  United  States  under 
present  conditions.  In  the  case  of  steel 
works  gasifying  all  their  coal  (200  tons 
daily)  in  producers,  and  recovering  only 
one  by-product,  sulphate  of  ammonia, 
from  the  gas  before  using  it  in  the  steel 
furnaces,  the  saving  is  reported  to 
amount  to  $400  per  diem,  thus  reducing 
the  self  cost  of  raw  steel  by  from  50  to 
75  cents  per  ton.  Of  course,  all  this 
refers  to  commodity  prices  as  we  have 
them  in  Germany.  Coal  is  much  more 
costly  than  it  is  in  America,  while  labor 
costs  about  one-third,  taking  the  average 
of  twelve  trades." 


THE   APPLICATION   OF   MOTORS  TO   MACHINE   TOOLS. 

A  REVIEW  OF  METHODS  OF  DETERMINING   POWER  REQUIREMENTS,  THE  CHOICE  OF   MOTORS 
AND  THE  SELECTION   OF  THE  DRIVING   SYSTEM. 


H.  JV.  Peck — The  Electric  Journal. 


I 


N  two  recent  numbers  of  this  maga- 
zine, certain  features  of  the  subject 
of  electric  driving  in  industrial  and 
manufacturing  establishments  have  been 
discussed  at  some  length.  The  merits 
and  advantages  of  the  individual  drive 
were  comprehensively  outlined  by  Mr. 
Howard  S.  Knowlton  in  the  December, 
1908,  special  number;  and  the  following 
month  a  review  in  these  columns  gave 
the  main  points  of  an  extended  discus- 
sion of  the  choice  of  motors  for  various 
services  and  the  available  methods  of 
speed  control.  We  return  to  the  subject 
to  present  the  following  abstract  of  an 
interesting  paper  by  Mr.  H.  W.  Peck  in 
The  Electric  Journal  for  February,  deal- 
ing particularly  with  the  methods  of  de- 
termining power  requirements. 

"The  method  of  determining  the  mo- 


tive power  equipment  of  electric  railroads 
is  fairly  well  kno\vn.  The  route  is  mapped, 
showing  all  grades,  curves  and  stations. 
A  tentative  schedule  is  laid  out  and  cal- 
culations are  made  to  determine  the 
extent  and  duration  of  power  demands 
upon  the  motors.  Certain  severe  de- 
mands are  doubtless  found  which,  if  in- 
sisted upon,  require  very  large  motors 
as  compared  with  the  average  demand. 
The  schedule  is,  however,  modified  to 
materially  reduce  some  demands  and  to 
increase  others.  After  most  careful 
analysis  a  schedule  and  a  type  of  motor 
are  selected  which  will  work  together  in 
ha'-mony  to  accomplish  a  satisfactory 
trip  with  a  motive  power  equipment  of 
moderate  size  and  with  a  fairly  uniform 
demand  upon  its  staying  powers-.  To 
accomplish    this    harmonious    result    the 
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railway  man  modifies  his  first  schedule  in 
such  particulars  as  are  found  to  demand 
poor  design  of  the  motors  and  the  motor 
designer  selects  such  a  design  of  motor 
and  equipment  as  will  most  nearly  ap- 
proximate a  uniform  loading  when  work- 
ing according  to  the  schedule. 

"The  method  of  working  out  the  piotor 
equipment  of  an  industrial  establishment 
is  not  dissimilar  to  that  of  a  railroad.  In 
the  first  place  the  superintendent  selects 
his  machines  and  arranges  them  in  his 
building  as  will  best  facilitate  the  handl- 
ing of  the  material,  afford  the  best  light, 
occasion  the  least  danger  from  accident, 
and  to  the  greatest  degree  obtain  econ- 
omy of  production.  He  states  the  gen- 
eral features  of  operation  of  each  ma- 
chine under  different  working  conditions, 
the  time  it  is  run,  the  kind  of  material  it 
handles,  its  relation  to  other  machines, 
etc.  This  arrangement  is  then  submitted 
to  the  engineer  for  analysis  and  criti- 
cism. 

"First  the  engineer  considers  the  pow- 
er requirements  of  each  machine   indi- 
vidually.   Rotative  power  is  the  product 
of  torque  and  speed,  work  the  product 
of  power  and  time.     Speed-torque  tixne 
characteristics   must   be   determined   for 
each  machine.     This  requires  tests  and 
calculations  in  addition  to  the  statements 
of  the   superintendent   as  to  the  hours, 
use   and   other   conditions   of  operation. 
This  data  may  be  secured  by  some  one  of 
several  methods  or  possibly  checked  by 
two  of  them.     Sometimes  the  manufac- 
turer will  furnish  guaranteed  perform- 
ance curves  or  statements.    This  has  been 
the  practice  of  some  manufacturers  of 
electrical  apparatus  for  many  years  and 
is  being  required  more  of  other  manu- 
facturers.    Furthermore,  the  facility  of 
making  accurate  tests  by  means  of  elec- 
tric  motive   power   and    electric    instru- 
ments has  brought  the  matter  of  testing 
within  the  means  of  the  smallest  manu- 
facturers.     Usually   the    central    station 
company  is  glad  to  co-operate  in  making 
tests    on    apparatus    which,    when    sold, 
will   require   electric  energy  to   operate, 
the   manifestly   wise   course   in   a   broad 
business  policy.     Centrifugal  pumps  and 
blowers    are   notable    examples    of    ma- 
chines, the   performance   of  which   will 


always  be  guaranteed  by  the  manufac- 
turers.    Frequently  the  size  of  the  mo- 
tor will  be  recommended  by  the  manu- 
facturer,  but   this   should   not   be   relied 
upon.     Some  recommend  a  small  motor 
to  indicate  an  efficient  machine  and  trust 
that  the  user  will  not  overload  it ;  others 
recommend  a  motor  of  excessive  size  on 
the    theory    that    the    user    will    always 
overload  his  machine  and  it  is  better  to 
have    too    much    rather    than    too    little 
power.      Either    practice    is    manifestly 
bad.    With  the  earnest  co-operation  ot 
the  motor  manufacturers,  the  data  and 
recommendation  of  the  machine  manu- 
facturers becoming  much  more  reliable. 
"A  second  method  is  sometimes  used 
when  power  is  distributed  through  shaft- 
ing  from  one   steam  engine  or  electric 
motor.     This  is  to  measure  by  means  of 
indicator  cards  or  meters  as  the  power 
may  require,  the  total  input  under  more 
or     less     known     varying     conditions. 
Where  the  friction  is  apt  to  be  as  great 
or  greater  than  the  load,  the  power  de- 
termination   is    only    an    approximation 
likely  to  be  misleading,  and  if  no  better 
determination  can  then  be  made  to  aid 
in  the  motor  selection,  a  careful  check 
should  be  made  as  soon  as  a  better  meth- 
od is  available.     By   replacing  the  ma- 
chine by  a  prony  brake  and  measuring 
the    effective    power    output    when    the 
power   input    is    the    same   as   with   the 
machine  on,  the  varying  friction  losses 
can  be   eliminated   and   the   real   power 
output  determined. 

"A  third  method  of  determining  the 
performance  is  to  measure  the  torque 
directly  by  means  of  a  simple  dynamo- 
meter. This  method  is  scientific  and  is 
often  of  great  value.  It  is  used  to  obtain 
starting  torque,  which  is  difficult  to  ob- 
tain otherwise,  and  the  running  torque 
of  slow-speed  machines  and  others  whose 
torque  is  constant  and  whose  work  is 
proportional  to  the  speed.  Examples  of 
machines  which  can  be  advantageously 
tested  in  this  way  are  elevators,  whose 
starting  torque  exceeds  the  running 
torque  by  approximately  the  ratio  of  the 
static  to  the  running  friction  of  the  gear- 
ing, and  tumblers  whose  low  speed  makes 
it  possible  to  make  complete  tests.  In 
the  case  of  elevators  this  must  be  sup- 
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plemented  by  calculations  when  a  cer- 
tain specified  rate  of  acceleration  must 
be  effected.  Reciprocating^  machines 
with  heavy  parts  alternately  accelerating 
and  decelerating  cannot  be  tested  prac- 
tically by  this  method.  A  transmission 
dynamometer  can  be  used  in  a  wide  vari- 
ety of  machines. 

''A  fourth  method  is  by  calculations 
from  the  general  data  concerning  the 
work  to  be  done  by  the  machine,  in  some 
cases  a  method  of  very  great  value.  A 
fifth  method  is  to  drive  the  machine  by 
means  of  an  electric  motor,  and  from 
suitable  meters  connected  in  the  line  to 
determine  the  power  input  of  the  motor 
under  all  working  conditions.  Then 
from  the  known  performance  of  the 
motor  or  by  making  further  tests  on  the 
motor  with  a  prony  brake,  the  exact 
power  required  by  the  machine  may  be 
easily  calculated.  This  is  in  most  cases 
an  ideal  method  and  is  often  used  even 
for  machines  normally  driven  from  a 
line  shaft  or  a  steam  engine  by  runnuig 
temporary  wires  and  setting  up  a  motor 
to  drive  the  machine  for  the  test.  In 
this  way  an  entire  establishment,  driven 
by  one  motor  through  long  shafting,  can 
be  accurately  studied  for  individual  mo- 
tor application!  Generally  two  test  mo- 
tors can  be  selected  with  sufficient  range 
for  accurate  tests  of  the  entire  plant. 

"By  means  of  a  graphic  recording  me- 
ter running  at  a  high  rate  of  speed,  an 
exact  record  of  the  instantaneous  power 
required  throughout  the  cycle  of  opera- 
tion of  any  machine,  such  as  a  shaper  or 
group  of  machines  can  be  obtained.  This 
affords  a  basis  of  study  properly  to  equip 
each  machine  and  also  to  run  an  entire 
shop  most  economically.  It  shows  the 
comparative  power  required  by  an  old 
and  new  style  machine;  for  instance, 
whether  a  machine  is  over-counterbal- 
anced, whether  the  operatives  are  slow 
to  begin  work  and  quick  to  shut  down 
their  machines.  Speed  indicators,  stroke 
counters,  graphic  stroke  indicators,  dy- 
namometers, engine  indicators,  prony 
brakes,  indicating,  integrating  and 
graphic  recording  electric  meters ;  these 
are  some  of  the  more  important  tools 
used.  It  is  important,  especially  in  old 
plants  which   are  being  modernized,   to 


examine  each  machine  with  the  idea  of 
replacing  it  if  possible  with  a  new  ma- 
chine of  enough  greater  efficiency  to 
warrant  the  investment  and  ^vith  the 
idea  of  correcting  mistakes  in  operation 
which  may  have  crept  into  practice  in- 
sidiously and  remained  unnoticed. 

''Of  prime  importance  is  the  matter  of 
speed  variation,   for   upon   this   require- 
ment, more  than  any  other,  depends  the 
choice  between  the  direct  and  alternat- 
ing-current systems,  if  both  sources  of 
power  are  available  from  the  central  sta- 
tion.    Direct-current  motors  can  be  ob- 
tained with  a  range  of  speed  of  as  much 
as  one   to   six,   capable  of   operation   at 
full-load  and  high  efficiency  at  any  speed 
within  this  range.     Two  or  three-speed 
alternating-current   motors   may   be   ob- 
tained in  the  larger  sizes  with  good  effi- 
ciency, but  as  a  rule,  variable  speed  alter- 
nating-current motors   are  of  such   low 
efficiency  at   the   slow   speeds   that  they 
cannot  be-  used  economically  for  continu- 
ous  service   at   the   slow   speeds.      If   a 
large  proportion  of  variable  speed  mo- 
tors is  required,  then  the  direct-current 
system  is  desirable.     If  few  or  none  of 
the  machines  require  variable  speed  al- 
ternating-current   is    preferable,    chiefly 
on    account   of   the   simple   and    rugged 
construction  of  the  motors.     There  are 
either   no   moving  contacts   or   else   slip 
rings    only    with    low    potential    across 
them.     The  only  wearing  parts  are  the 
two   shaft  bearings;   the  only   attention 
required  is  the  oiling  of  the  bearings  and 
the    general    cleaning    of    the    machine. 
Alternating-current  motors  have,  in  gen- 
eral,  more   nearly   constant    speed   than 
direct-current  motors.    They  are  capable 
of  being  loaded  momentarily  to  a  stand- 
still  without    injury,    have   a   maximum 
torque  of  two  and  one-half  to  three  times 
full-load  torque,  and  can  be  started   in 
the  smaller  sizes  without  a  rheostat. 

General  rules  for  the  choice  of  motors 
may  be  summarized  as  follows:  for  ma- 
chines which  start  with  light  load  and 
run  at  moderate  and  constant  speed  with 
fairly  uniform  load  (lathes,  milling  ma- 
chines, grinders,  tumblers,  etc.)  shunt - 
wound  d.  c,  or  squirrel  cage  a.  c.  motors 
are  best  suited;  for  similar  constant  and 
uniform  service  but  high  speeds,  a  spe- 
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cial  d.  c.  motor  designed  to  give  good 
commutation  with  a  weak  field;  for  high 
starting  torque  with  constant  speed  oper- 
ation, a  compound-wound  d.  c.  motor  or 
an  a.  c.  motor  with  wound  secondary 
should  be  used.  Series-wound  d.  c.  mo- 
tors and  induction  motors  with  wound 
rotors,  in  which  the  speed  is  inversely 
proportional  to  the  load,  are  largely  used 
for  crane  and  hoisting  work.  Synchro- 
nous motors  are  seldom  used  because 
of  their  cost  and  difiiculty  of  control. 

In  applying  motors  to  machine  tools  a 
thorough  understanding  of  the  princi- 
ples of  mechanics  and  familiarity  with 
mechanisms  is  essential  to  obtaining  the 
best  results.  To  illustrate  this  point  the 
importance  of  the  fly  wheel  for  use  in 
equalizing  loads  on  machines  with  inter- 
mittent sudden  demands  may  be  men- 
tioned. "The  correct  selection  of  the 
best  method  of  transmitting  the  power 
from  the  motor  shaft  to  the  machine, 
whether  by  coupling,  gears,  chain  or 
belt,  requires  not  only  a  knowledge  of 
possible  arrangements  but  acquaintance 
with  their  comparative  advantages  and 
disadvantages,  adaptability  and  limita- 
tions, and  above  all  the  essential  require- 
ments for  successful  operation." 


Individual  drive  should  be  chosen 
"when  (i)  the  cost  of  installation  is  less 
than  for  group  drive;  (2)  when  the  sav-  || 
ing  in  operating  cost  of  the  individual  ' 
drive  is  more  than  enough  to  pay  the 
added  fixed  charges  of  this  form;  (3) 
when  the  convenience  of  operation  is 
worth  the  additional  cost  which  may  be 
involved.  The  latter  is  a  hard  thing  to 
capitalize.  It  includes  such  features  as 
cleanliness,  more  light  and  less  shadows, 
less  noise,  more  uniform  operation,  quick 
and  easy  control  of  speed,  less  danger 
from  moving  belts  or  accidental  starting, 
reliability,  flexibility  under  present  or 
unforeseen  conditions,  location  and  re- 
location of  machines  without  thought  of 
power  supply,  simplicity  of  remote  con- 
trol and  automatic  operation,  freedom 
from  annoyance  and  delay  due  to  loose 
and  broken  belts,  ability  to  support  the 
motor  from  the  floor,  side  wall  or  ceil- 
ing, the  two  latter  methods  making  avail- 
able the  floor  space  otherwise  occupied 
by  motors  or  vertical  belts.  Some  manu- 
facturers have  been  able  to  determine  its 
value  partially  by  the  increased  produc- 
tion of  their  factories  which  has  amount- 
ed to  from  10  to  25  per  cent  with  equal 
or  less  power  cost." 


CONCRETE   IN   MINE   SUPPORT. 

A  SUMMARY  OF  THE  SITUATIONS  IN   WHICH   CONCRETE   MAY    REPLACE    TIMBER. 

W.  R.  Crane — Mining  and  Scientific  Press. 


THE  growing  scarcity  of  suitable 
timber  for  mine  support  in  many 
parts  of  the  United  States  has 
made  the  substitution  of  some  other  ma- 
terial an  imperative  necessity.  Abroad, 
stone  and  brick  have  been  used  to  some 
extent,  but  they  have  not  found  favor  in 
American  practice,  primarily  because  of 
the  high  cost  of  transportation  but  also 
because  neither  material  is  impervious 
to  water.  Of  all  possible  materials,  con- 
crete seems  to  be  best  adapted  as  a  sub- 
stitute for  timber.  It  can  be  placed  more 
readily,  and  with  less  skilled  labor,  than 
either  brick  or  stone;  hence  its  first  cost 
is  likely  to  be  considerably  less.  It  takes 
several  times  as  long  to  set  concrete  as 
to  place  timbers,  and  the  first  cost  is 
from  25  to  45  per  cent  higher,  depending 


largely  on  the  shape  of  the  construction; 
but  compared  with  timber  concrete  has 
great  strength  and  when  once  construct- 
ed is  practically  indestructible.  It  is  rap- 
idly growing  in  favor  for  a  large  number 
of  purposes  in  mining  work^  of  which 
the  following  abstract  of  an  article  by 
Mr.  W.  R.  Crane  in  the  Mining  and  Sci- 
entific Press  for  February  2y  gives  a 
brief  summary. 

One  of  the  principal  uses  of  concrete 
so  far  has  been  for  lining  shafts.  When 
brick  or  stone  is  used  for  this  purpose  a 
circular  or  elliptical  form  has  to  be 
adopted  for  the  shaft.  Though  several 
rectangular  shaft  linings  have  been  con- 
structed of  concrete  the  elliptical  or  cir- 
cular shape  is  to  be  preferred,  especially 
when  the  concrete  is  placed  in  the  form 
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of  blocks.  The  curved  form  is  not  eco- 
nomical of  space  but,  on  account  of  its 
superior  strength,  only  about  half  the 
thickness  of  lining  required  in  rectangu- 
lar shafts  is  necessary,  and  the  excava- 
tion is  actually  reduced,  while  the  cost  of 
the  concrete  lining  is  practically  halved. 

Numerous  striking  examples  of  con- 
crete linings  for  steeply  inclined  shafts 
are  to  be  found  in  the  Lake  Superior 
copper  region.  The  shafts  are  inclined 
from  35  to  80  degrees  from  the  horizon- 
tal, and,  in  the  larger  mines,  have  two 
hoisting  compartments  and  a  man-way. 
Usually  the  upper  part  passes  through  40 
to  80  feet  of  water-bearing  glacial  drift. 
Arched  linings  are  built  through  this 
stratum,  which  are  carefully  connected 
with  bed  rock,  drainage  holes  being  pro- 
vided through  which  the  excess  of  water 
can  escape.  Rectangular  linings  have 
been  placed  in  four  vertical  shafts  re- 
cently sunk  at  Lackawanna  collieries  in 
the  vicinity  of  Scranton,  Pa.,  passing 
through  60  to  75  feet  of  soft  material 
before  encountering  bed  rock.  An  inter- 
esting elliptical  shaft,  23  feet  by  15  feet 
inside  measurement,  at  Bridgeport,  Pa., 
has  81  feet  of  concrete  lining.  This  was 
put  down  as  a  sinking  lining  or  drop 
shaft.  Concrete  was  placed  in  about  30 
feet  of  forms  built  on  a  heavy  timber 
shoe  with  an  angle-iron  cutting  edge, 
after  the  latter  had  been  levelled  in  the 
initial  excavation.  After  ten  days  the 
outside  members  of  the  forms  were  re- 
moved and  the  lining  was  lowered  to  bed 
rock  in  the  usual  manner  in  sinking  with 
a  drop  shaft.  This  method  has  been  em- 
ployed in  sinking  through  quick-sand  at 
Biwabik.  on  the  Mesabi  range,  the  rein- 
forced-concrete  lining  being  built  up  in 
8-foot  j^ections  as  the  excavation  pro- 
ceeded. Concrete  has  also  been  employed 
for  re-lining  timbered  workings,  notably 
in  the  Manville  shaft,  near  Scranton. 

In  tunnel  work,  two  or  more  lines  of 
track  necessitate  an  arched  roof:  the  lin- 
ing of  single-track  tunnels  may  be  rec- 
tangular or  oval.  In  double-track  tun- 
nels the  compartments  are  usually  sepa- 
rated by  longitudinal  partitions  of  con- 
crete, plain  or  reinforced.  A  very  suc- 
cessful application  of  concrete  arches 
and  colui^ins  for  tunnel  supports  has  been 


made  in  the  mines  of  the  Philadelphia 
and  Reading  Coal  anrl  Iron  Co.  Concrete 
arches,  18  inches  square,  replace  14  to  16 
inch  posts  and  caps,  lagged  with  4  to  6 
inch  round  timber,  and  spaced  5  teet  cen- 
ter to  center.  Old  rails  and  old  wire  rope 
are  used  for  reinforcement.  The  cost 
approximates  $22  per  arch. 

Large  concrete  columns  are  success- 
fully used  for  supporting  the  roof  at 
points  where  it  is  important  that  no 
settlement  should  take  place,  such  as  the 
intersection  of  roadways,  where  wooden 
rock-filled  cribs  or  timber  supports 
would  be  unsatisfactory.  Concrete  is 
being  widely  employed  in  both  coal  and 
metal  mines  for  supporting  and  lining 
shaft  and  pump  stations,  and  special 
rooms,  such  as  underground  offices,  hos- 
pitals, lamp  rooms  and  stables,  are  now 
being  built  of  this  material. 

In  the  Pennsylvania  coal  fields  the  pre- 
servative treatment  of  mine  timber  has 
been  undertaken  on  a  large  scale  by  a 
number  of  the  leading  companies.  It  is 
interesting  to  note,  however,  that  the 
company  which  has  experimented  most 
extensively  with  concrete  props,  the 
Reading,  proposes  to  build  a  plant  at  the 
North  Franklin  colliery,  where  such 
props  will  be  manufactured  for  distribu- 
tion to  neighboring  properties. 

The  possible  applications  of  concrete 
peculiar  to  coal  mining  are  very  numer- 
ous. In  Europe  it  is  widely  employed 
for  the  support  of  weak  roofs  where 
thick  coal  seams  are  worked  in  benches. 
Each  bench,  when  the  one  above  is  ex- 
cavated, is  covered  with  a  bed  of  con- 
crete 8  to  10  inches  thick,  placed  in  sec- 
tions transversely  to  the  working  face. 
Upon  this  bed  of  concrete  is  placed  the 
filling  with  which  the  excavation  is 
stowed  on  the  removal  of  the  coal,  and 
by  it  the  filling  is  supported  while  the 
next  bench  is  being  excavated.  The  con- 
crete also  serves  as  a  support  for  the 
tracks.  Concrete  is  being  used  in  the 
construction  of  the  overcasts  of  air- 
ways ;  in  some  places  it  is  replacing  wood 
and  stone.  The  problem  of  ensuring 
brattices  and  air  stoppings  against  dan- 
ger from  explosions  has  been  solved  by 
the  employment  of  concrete ;  its  use  for 
this  purpose  is  now  common  [ractice. 
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Reinforced  concrete  has  been  used  in 
the  construction  of  very  heavy  bulkheads 
in  the  Ontario  adit  of  the  Daly-West 
mine.  One  of  the  first  uses  to  which  it 
was  put  was  that  of  building  foundations 
for  heavy  machinery,  both  on  the  surface 
and  underground.  Intercepting  ditch 
construction  of  concrete  is  now  quite 
commonly  used.  An  important  applica- 
tion is  in  the  support  of  mine  tracks. 
Large   longitudinal    stringers    are    built, 


upon  which  the  rails  are  mounted  and  I 
to  which  they  are  securely  bolted,  a  type 
of  construction  used  in  a  number  of  the 
Lake  Superior  copper  mines.  A  further 
extension  in  the  use  of  concrete  in  and 
about  mines  is  its  employment  in  the 
construction  of  powder  magazines.  ■ 

Mr.  Crane  illustrates  a  number  of  the     I 
structures  referred  to  in  his  paper  and 
concludes  with  a  short  bibliography  of 
the  subject  of  concrete  in  mines. 


THE    EFFECT   OF   TITANIUM   ON   STEEL. 

RESULTS  OF  THE   USE  OF   FERRO-TITANIUM    IN   THE   MANUFACTURE   OF   BESSEMER,    OPEN- 
HEARTH    AND    CRUCIBLE   STEELS,    AND    OF   CHILLED    CASTINGS. 

Charles    F.  Slocum — Electrochemical  and  Metallurgical  Industry. 


WE  have  already  given  in  these  col- 
umns, in  The  Engineering 
Magazine  for  August,  1908,  a 
few  data  on  the  effect  of  titanium  on 
cast  iron.  The  use  of  ferro-titanium 
in  the  foundry  has  considerably  ante- 
dated, in  the  United  States,  its  applica- 
tion in  steel  making;  but  within  the  past 
two  years  a  number  of  important  re- 
searches on  the  effect  of  titanium  on 
Bessemer,  open-hearth  and  crucible 
steels  have  been  made,  with  highly  inter- 
esting and  significant  results.  A  sum- 
mary of  the  more  important  informa- 
tion now  available,  of  peculiar  interest 
because  of  its  indication  of  the  possi- 
bility of  effecting  substantial  improve- 
ment in  the  quality  of  steel  rails,  is 
given  by  Mr.  Charles  V.  Slocum  in  the 
Electrochemical  and  Metallurgical  In- 
dustry for  March,  from  which  the  fol- 
lowing abstract  has  been  prepared. 

"With  the  aid  of  titanium  it  is  pos- 
sible to  make  better  rails  from  Bessemer 
converter  steel  than  is  possible  without 
its  aid  from  open-hearth  steel.  With  the 
aid  of  titanium  it  is  possible  to  eliminate 
blow-h©les.  It  is  further  possible  to  re- 
move the  brittleness  and  increase  the 
durability  of  chilled-iron  car  wheels ; 
further,  to  improve  nickel  steel,  chrome 
and  nickel  steel,  etc."  The  titanium  is 
introduced  into  the  steel  in  the  form  of 
the  alloy  ferro-titanium,  sold  undec  the 
trade  name  of  "titanium  alloy."  It  con- 
tains from  10  to  15  per  cent,  titanium, 
5  to  7  per  cent,  carbon,  less  than  0.5  per 


cent,  impurities,  and  the  remainder,  over 
80  per  cent.,  iron. 

"Ferro-titanium  was  used  for  the  first 
time  in  a  heat  of  Bessemer  steel  in  the 
United  States  at  the  works  of  the  Mary- 
land Steel  Co.  in  November,  1907.    The 
steel  made  at  this  first  trial  showed  so 
much  improvement  over  ordinary  Besse- 
mer  that   trials    in    several   heats   were 
made   on   Dec.    16,    1907.     These   trials 
developed   several    remarkable    features, 
probably  the   most   important   of  which 
was   the  unprecedented   increase   in   the 
quantity    of    slag    removed     from    the 
steel.     The  treated  metal  invariably  lay 
'dead'  in  the  ingot  molds.    The  steel  was 
absolutely   free   from  blow  holes.     The 
titanium-treated   ingots   were   noticeably 
hotter  than  the  untreated  ones.     An  ex- 
amination  of   the   record   from  the   py- 
rometer gage  for  the  day's  work  showed 
an  increase  of  not  less  than  15  degrees 
C.   in  the  heat  of  the  treated  metal  at 
a  given  point  in  excess  of  that  of  the 
untreated  metal  at  the  same  point,  while 
passing  through  the  rolls.     The  titanium 
alloy  was  added   in  the  ladle  after  the 
blow,    and     after     the     manganese,    the 
former   being    simply    shoveled    in    cold 
by  a  laborer  while  the  steel  was  flowing 
into  the    ladle."     Since  these  trials  the 
Maryland  Steel  Co.  has  used  titanium  in 
many  heats  with  unvarying  success.   Ex- 
periments have  been  made  also  by  the 
Carnegie   Steel   Co.,   the   Cambria   Steel 
Co.,  and  the  Lackawanna  Steel  Co.,  with 
eminently  satisfactory  results.    . 
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"Rails  treated  with  titanium  alloy  and 
made  by  the  Maryland  Steel  Co.  have 
been  in  service  for  several  months  on 
Kesslers  Curve  on  the  Cumberland  Di- 
vision of  the  Baltimore  &  Ohio  Railroad, 
where  the  traffic  and  the  grade  are  both 
very  heavy.  Diagrams  of  these  rails 
have  been  taken  at  intervals  of  two  to 
three  weeks,  together  with  diagrams  of 
the  plain  Bessemer  rails  put  in  at  the 
same  time  and  place.  The  greater  dura- 
bility of  the  titanium  rail  is  so  marked  as 
to  be  fairly  startling.  The  lower  plain 
rails,  although  of  best  quality  Bessemer, 
have  flattened  or  'flowed'  considerably, 
while  at  this  writing  the  titanium  rails 
have  not  'flowed'  at  all.  The  upper  plain 
rails  are  cut  down  practically  the  full 
depth  of  the  flange  of  the  wheels,  while 
the  upper  titanium  rails  are  cut  less 
than  half  as  much. 

"Titanium  alloy  has  been  used  by 
many  open-hearth  steel  works  with  un- 
varying improvement  to  the  product.  The 
general  characteristics  are  freedom  from 
blow  holes,  increase  of  elastic  limit,  in- 
creased reduction  of  area,  etc.  The  in- 
crease in  quantity  of  slag  removed  or 
'lifted'  by  the  alloy  is  almost  as  remark- 
able in  open-hearth  steel  as  in  the  Bes- 
semer product.  The  titanium  itself 
passes  off  with  the  slag  which  it  re- 
moves, unless  unusual  quantities  of  the 
alloy  be  added,  when  the  excess  above 
the  quantity  necessary  to  remove  the 
impurities  remains  in  the  steel. 

"Rolls  made  from  open-hearth  steel 
treated  with  titanium  alloy  are  closer 
grained,  absolutely  free  from  blow  holes 
or  pin  holes,  are  more  durable  than  any 
other  rolls,  and  are  easily  machined. 
Open-hearth  castings  from  metal  treat- 
ed with  the  alloy  are  more  blue  in  color, 
are  free  from  blow  holes,  are  free  from 
brittleness,  are  easily  machined,  and  heat 
less  under  the  tool,  hence  may  be  ma- 
chined more  rapidly  than  other  steels 
of  the  same  carbon  content.  With  re- 
spect to  the  removal  of  blow  holes,  the 
well-known  high  affinity  of  titanium  for 
oxygen  and  nitrogen  is,  of  course,  of 
greatest  importance.  Any  oxide  of  iron 
is  perfectly  removed  by  titanium. 

"The  reaction  due  to  the  titanium  ad- 
dition is  always  accompanied  by  an  evo- 


lution of  heat  which  may  result  in  an* 
increase  of  temperature  of  from  30  de- 
grees to  50  degrees  C.  In  an  experi- 
ment of  Messrs.  FitzGerald  and  Bennie 
the  rise  in  temperature,  according  to  the 
Fery  radiation  pyrometer  used,  was  30 
degrees  C,  although  the  titanium  caused 
the  formation  of  slag  which  cut  off  the 
radiation  somewhat  from  the  pyrometer. 
They  state  that  their  tests  indicate  a 
distinct  rise  in  temperature  to  be  ob- 
tained 'even  with  so  small  an  addition  as 
0.5  per  cent,  of  the  10  per  cent,  titan- 
ium alloy.' 

"In  view  of  these  facts  the  amount  of 
ferro-silicon  which  would  be  used  for 
the  same  purpose  should  be  reduced, 
when  ferro-titanium  is  employed.  It  is 
suggested  that  the  silicon  be  reduced 
gradually  from  time  to  time  until  no 
further  improvement  is  noted.  If  dirt 
specks  are  found  in  the  surface  or  'skin' 
of  the  steel  the  ferro-manganese  should 
be  slightly  increased  by  adding,  say,  10 
pounds  for  each  100  pounds  of  mangan- 
ese used,  and  the  ferro-silicon  should  be 
cut  out. 

"As  said  before,  the  use  of  titanium  im- 
proves Bessemer  steel  so  that  it  becomes 
better  than  present  open-hearth  steel.  It 
brings  open-hearth  steel  nearer  to  cru- 
cible steel  quality.  That  with  the  aid 
of  titanium  it  is  possible  to  improve  even 
electrically  refined  steel  of  crucible  steel 
quality  is  indicated  by  the  following  tests 
quoted  from  Mr.  F.  A.  J.  FitzGerald's 
recent  paper  before  the  American  Elec- 
trochemical Society.  The  tests  were 
made  from  bars  i  inch  square,  ham- 
mered from  6  by  6  bottom  cast  ingots. 
The  elongation  was  determined  in  a 
length  of  2  inches : 

Tensile  Elong.       Red. 

Heat  No.     strength  Elastic  limit  per  ct.  per  ct. 

9 57,000  34,000  33  58 

27 77,000  45,000  28  56 

The   steel   of  heat   No.   27   was   treated 
with  0.1  per  cent,  of  titanium. 

"The  analyses  given  by  Mr.  FitzGer- 
ald are  the  following  for  the  two  heats 
mentioned  above : 

Heat  No 9  27 

Carbon    0.10  0.22 

Manganese    0.75  0.94 

Phosphorus     0.015  O.O.*?.*? 

Sulphur     0.070  0.056 

Silicon     COS'  0.03 
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A  bar  of  steel  4  feet  long,  lyg  inches 
square  made  from  this  titanium  steel 
(heat  No.  27)  was  subjected  to  cold 
twisting  test,  seven  complete  turns  or 
revolutions  without  a  fracture. 

"It  has  been  found  by  experiment 
many  times  repeated  that  titanium  alloy 
increases  the  strength  of  nicLeJ  and 
chrome-nickel  steel.  It  is  a  well-known 
fact  that  when  nickel  is  added  to  steel 
an  important  percentage  of  oxide  of 
nickel  is  formed.  Titanium  alloy  used 
afterward  thoroughly  deoxidizes  the 
metal. 

"The  alloy  also  'removes  nitrogen  in 
the  proportion  of  about  four  parts  ti- 
tanium to  one  of  nitrogen,  a  very  im- 
portant fact  since  neither  chrome,  nickel, 
molybdenum  nor  tungsten  combines  with 
nitrogen,  so  that  none  of  these  metals 
nor  their  ferros  can  be  used  for  remov- 
ing this  gas  to  form  with  it  a  stable  com- 
bination to  pass  into  the  slag.'  (A.  J. 
Rossi.)  Hence  the  following  statement 
of  Prof.  Le  Chatellier,  of  Paris,  is  very 
pertinent :  'The  treatment  of  all  steels 
with  ferro-titanium  for  the  purpose  of 
the  purification  of  the  metal  is  strongly 
recommended.  The  presence  of  nitrogen 
to  the  extent  of  0.02  to  0.045  or  0.035  in 
certain  steels  is  enough  to  cause  the 
metal  to  break  asunder,  destroying  all 
elongation  and  reduction  of  area.' 


"To  sum  up,  the  effect  of  titanium  al- 
loy in  steel  is  to  remove  the  oxides  and 
nitrides,  to  increase  the  fluidity  and  tem- 
perature of  the  metal  and  to  increase  the 
quantity  of  slag  which  it  not  only  re- 
moves, but  with  which  the  titanium  it- 
self passes  off.  The  resulting  product  is 
stronger,  more  durable  and  more  easily 
machined.  The  casting  heats  less  under 
the  tool  and  gives  greater  resistance  to 
shock,  strain  or  wear.  Titanium  alloy 
has  been  used  with  success  in  gears,  pin- 
ions, automobile  cylinders,  dies  and  die 
blocks,  chilled  rolls,  car  wheels,  etc." 

According  to  tests  by  Hokanson  the 
crushing  strength  of  chilled  iron  is 
increased  nearly  100  per  cent,  by  the  use 
of  I  per  cent,  of  titanium  alloy.  Stough- 
ton  places  the  increase  in  strength  in 
gray  iron  castings  at  20  to  40  per  cent. 
Chilled  iron  treated  by  titanium  is  hard- 
er than  the  untreated  metal  although  the 
chill  is  reduced  by  the  alloy.  The  value 
of  titanium  in  iron  is  demonstrated  by 
some  recent  tests  at  the  car-wheel  foun- 
dry of  the  Norfolk  and  Western  Rail- 
way Company.  A  strong  car-wheel  iron 
treated  with  one  per  cent,  titanium  alloy 
in  the  cupola  gave  24.4  per  cent,  more 
deflection  than  the  plain  metal,  an  indi- 
cation that  the  alloy  removes  brittle- 
ness  and  makes  car-wheel  iron  more  like 
wrought  iron. 


il 


THE   DETINNING    INDUSTRY. 


A  REVIEW     OF   THE    ELECTROLYTIC    AND    CHLORINE    PROCESSES    AND    THE   EXTENT   OF   THE 

INDUSTRY. 

The  Iron  and  Coal  Trades  Revieiv. 


THE  treatment  of  tin  scrap  for  the 
recovery  of  tin  is  one  of  the 
many  industries  which  owe  their 
existence  directly  to  the  advent  of  elec- 
trical-energy generation  and  distribution 
on  a  commercial  scale.  As  early  as  1876 
Keith  recommended  treatment  by  electro- 
lysis in  an  alkaline  solution,  and  in  1882 
the  foundations  of  the  electrolytic  detin- 
ning  industry  were  laid  by  Goldsclimidt, 
who  used  tin  scrap  as  anode  and  iron 
plates  as  cathode  in  an  artificially  heated 
solution  of  caustic  soda.  The  later  and 
mor^  successful  chlorine  process  depends 
upon   electrical   energy   only   indirectly. 


This  branch  of  the  detinning  industry  is 
the  result  of  the  availability  of  cheap 
electrolytic  chlorine  and  the  possibility  of 
liquefying  it.  Patents  covering  chlorine 
processes  have  been  granted  at  intervals 
since  1854  but  the  use  of  chlorine  on  a 
commercial  scale  has  been  obliged  to  wait 
upon  the  development  of  electro-chem- 
ical science.  A  brief  review  of  the  pres- 
ent state  of  the  detinning  industry  is 
given  in  The  Iron  and  Coal  Trades  Re- 
view for  March  19,  of  which  the  follow- 
ing is  an  abstract. 

The  reaction  in  the  electrolytic  process 
may    be    described    simply    as    follows : 


REVIEW    OF    THE   ENGINEERING    PRESS. 


273 


"The  electric  current  decomposes  the 
water  and  gives  oxygen  at  the  anode, 
forming  tin  oxide  which  dissolves  in  the 
excess  of  caustic  soda  to  form  sodium 
stannate,  while  hydrogen  is  developed  at 
the  cathode  and  at  once  precipitates  the 
tin  on  the  cathode  from  the  solution."' 
The  presence  of  free  caustic  soda  is, 
therefore,  a  fundamental  requirement. 
Rut  caustic  soda  attracts  the  carbon  di- 
oxide from  the  air,  and,  further,  on  ac- 
count of  the  great  difference  in  size, 
more  tin  is  dissolved  from  the  anode 
than  is  deposited  on  the  cathode.  The 
free  caustic  soda  has  therefore  a  ten- 
dency to  disappear  and  the  solution  then 
becomes  ineffective.  One  of  the  main 
difiBculties  in  the  electrolytic  process  is  to 
maintain  continually  a  small  excess  of 
free  caustic  soda.  If  this  excess  becomes 
too  small,  the  detinning  is  only  imperfect 
and  the  iron  is  left  in  a  condition  which 
unfits  it  for  use  in  the  open  hearth  fur- 
nace. 

The  tin  scrap  is  always  placed  in  a  bas- 
ket connected  to  the  positive  pole.  The 
high  labor  expense  of  the  electrolytic 
process  is  due  largely  to  the  necessity  of 
using  only  moderate  charges ;  otherwise 
the  tin  scrap  in  the  centre  would  not  be 
detinned.  The  scrap  cannot  be  used  in 
the  compressed  form,  since  the  electro- 
lyte must  have  access  to  all  surfaces, 
hence  the  usual  charge  per  basket  is  only 
TO  to  20  kilogrammes. 

The  removal  of  the  tin  from  the  sheet 
iron  so  perfectly  that  the  latter  can  be 
sold  to  open  hearth  plants  can  be  effected 
only  by  very  careful  working  and  by 
giving  continual  attention  to  the  right 
composition  of  the  electrolyte.  Even 
with  very  careful  w^orking  o.i  to  0.2  per 
cent,  of  tin  will  remain  on  the  iron.  In 
ordinary  practice  0.3  to  0.5  per  cent,  is 
left. 

The  tin  is  obtained  from  the  cathode 
in  a  spongy  mass  which  is  remeltcd  to 
get  it  into  a  saleable  form.  The  solid 
tin  obtained  is  97  to  98  per  cent.  pure. 
Besides  the  necessity  of  careful  attend- 
ance and  of  using  small  charges,  the 
electrolytic  process  has  the  drawback 
that  a  considerable  amount  of  tin  is  lost 
in  a  portion  of  the  electrolyte  rich  in  tin, 
which  adheres  to  the  surface  of  the  de- 


tinned  iron  when  the  latter  is  removed 
from  the  cells. 

The  reaction  on  which  the  chlorine 
})roccss  is  based  is  very  simple.  If  dry 
chlorine  gas  is  passed  over  tin  scrap,  the 
chlorine  does  not  attack  the  iron  but 
combines  with  the  tin  to  form  anhydrous 
tin  tetrachloride,  a  heavy  fuming  liquid, 
which  drops  off.  Many  difficulties  were 
encountered,  however,  in  applying  the 
reaction  to  a  commercial  process,  even 
after  cheap  chlorine  was  available.  Af- 
ter treatment  with  chlorine  it  is  abso- 
lutely necessary  to  remove  from  the 
scrap  a  film  of  a  very  obnoxious  liquid 
which  has  a  very  bad  effect  on  the  eyes 
and  noses  of  the  workmen.  It  is  impos- 
sible to  use  water  for  this  purpose  since 
a  solution  of  the  tetrachloride  attacks  the 
iron  so  that  both  become  useless  for  com- 
mercial applications.  Even  if  the  anhy- 
drous tin  tetrachloride  is  removed,  the 
iron  will  quickly  rust  so  as  not  to  have 
any  commercial  value. 

A  partial  solution  of  this  difficulty  was 
made  by  Lambotte  in  the  early  eighties. 
He  used  a  shaft  furnace  through  which 
the  scrap  was  carried  downward  from 
above,  while  the  chlorine  gas  diluted  with 
air  was  introduced  at  the  bottom.  The 
air  carried  the  fumes  of  the  resulting  tin 
tetrachloride  over  into  a  condensing  ap- 
paratus and  the  bundles  of  detinned 
scrap  were  removed  from  the  bottom  of 
the  furnace.  Even  if  all  moisture  was 
carefully  avoided,  however,  the  iron 
scrap  was  exceedingly  liable  to  rust  very 
rapidly.  The  reason  was  found  in  the 
fact  that  chlorine  is  not  absolutely  with- 
out any  attack  on  the  iron  but  leaves  on 
its  surface  a  very  thin  invisible  film  of 
anhydrous  ferric  chloride.  Under  the 
action  of  the  moisture  in  the  air  the  fer- 
ric chloride  is  reduced  to  ferrous  chlor- 
ide, which  again  attracts  oxygen  and 
water  from  the  air,  forming  oxychloride ; 
this  is  reduced  by  the  iron,  forming  rust. 
Only  when  this  fact  was  found  out  was 
the  corrosion  of  the  iron  prevented,  by 
removing  the  ferric  chloride  by  a  wash- 
ing process. 

After  all  organic  substances  and 
moisture,  or  anything  which  can  form 
moisture,  have  been  removed  from  the 
tin  scrap,  the  latter  is  compressed  into 
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bundles  (in  which  form  the  iron  is  later 
sold  to  the  open-hearth  steel  works)  and 
placed  in  cylinders,  which  are  then 
closed.  Chlorine  gas  Is  then  introduced. 
The  reaction  betwen  chlorine  and  tin 
develops  considerable  heat ;  as  it  is  im- 
portant to  prevent  an  undue  rise  of  tem- 
perature, artificial  cooling  must  be  pro- 
vided. To  detin  the  scrap  completely  it 
is  necessary  to  use  the  chlorine  at  a  pres- 
sure of  several  atmospheres,  so  that  it 
enters  all  crevices.  The  formation  of  tin 
tetrachloride  causes  a  drop  in  pressure 
which  continues  as  long  as  detinning 
takes  place.  When  the  pressure  remains 
constant  for  any  length  of  lime,  it  is  a 
sure  indication  that  the  process  is  com- 
plete. The  chlorine  and  tetrachloride  are 
removed,  and  the  scrap  bundles  are  care- 
fully washed,  preparatory  to  delivery  to 
steel  works. 

The  chief  advantage  of  the  chlorine 
process  is  that  there  is  very  little  expense 
for  attendance,  since  the  scrap  is  passed 
through  the  process  in  large  bundles  and 
the  process  is  completed  in  a  single  oper- 
ation. The  iron  is  detinned  more  com- 
pletely than  by  the  electrolytic  process 
and  no  tin  is  lost  in  washing.  The  tin 
tetrachloride  is  a  valuable  product  for 
its  use  in  silk  mills. 

With  the  growth  of  the  detinning  in- 
dustry the  demand  for  the  scrap  from 
tin-can  factories  became  much  greater 
than  the  supply.     Attention  was  turned 


therefore  to  the  development  of  processes 
for  detinning  the  enormous  supply  of  old, 
used  tin  cans.  The  great  difficulty  was 
the  removal  of  impurities  from  the  cans, 
the  remains  of  food,  paper  labels,  solder 
containing  lead,  and  the  thin  rubber 
rings  placed  in  the  folds.,  As  at  present 
practiced  the  process  is  as  follows :  the 
cans  are  first  compressed  and  are  then 
passed  through  rolls  with  a  large  number 
of  cutting  points;  any  adhering  fat,  lac- 
quer, etc.,  is  then  removed  by  washing  in 
caustic  soda  solution ;  after  the  cans  have 
been  carefully  washed  with  water,  the 
solder  and  rubber  are  driven  off  by  heat- 
ing in  a  furnace.  The  cans  are  then 
ready  for  treatment  by  the  chlorine 
process. 

In  Germany  about  75,000  tons  of  scrap 
are  treated  annually,  in  other  European 
countries,  about  25,000  tons,  and  in  the 
United  States,  about  60,000,  making  a 
total  for  the  world  of  160,000  tons  of 
scrap.  The  yield  of  tin  is  from  3,000  to 
3,500  tons  yearly,  or  about  3^/  per  cent, 
of  the  world's  output  ot  tin.  The  weight 
of  the  detinned  iron  is  practically  the 
same  as  that  of  the  scrap.  Two-thirds  of 
the  industry  in  Germany  is  in  the  hands 
of  the  Goldschmidt  company  at  Essen. 
The  Goldschmidt  chlorine  process  is  in 
use  also  as  Lyons,  France,  and  a  plant 
with  a  capacity  of  30,000  tons  of  scrap 
per  year  is  soon  to  be  erected  near  Car- 
teret, N.  J. 


THE    RAILWAY   THROUGH    MONT    BLANC. 

A  DISCUSSION   OF  ITS   COST  AND   PROBABLE   INFLUENCE   ON    INTERNATIONAL  TRAFFIC 

ROUTES. 

Oesterrcichische  Eisenhahn-Z eitung . 


THE  project  of  constructing  a  new 
international  railway  through  the 
western  Alps  has  now  progressed 
to  such  a  point  that  it  remains  only  to 
obtain  the  necessary  funds  before  the 
work  of  piercing  Mont  Blanc  is  actively 
begun.  Both  Italy  and  Switzerland  will 
be  materially  benefited  by  this  additional 
traffic  route  between  northern  and  soutli- 
ern  Europe,  but  the  country  most  deeply 
concerned  in  the  project  is  France.  The 
piercing  of  the  St.  Gothard  made  possible 
direct    railway    communication    between 


Germany  and  Switzerland,  and  Milan ; 
but  as  the  lines  concerned  are  entirely 
outside  France,  this  was  a  serious  blow 
to  French  commerce,  the  resulting  loss 
being  estimated  at  30  million  francs  per 
year.  It  was  thought  at  the  time  that 
the  opening  of  the  Simplon  line  would 
make  up  for  this  loss  and  many  propos- 
als were  made  for  connecting  the  French 
railway  systems  with  the  Simplon  Rail- 
way. They  were  all  bound  to  fail,  how- 
ever, as  soon  as  the  French  recognized 
that  the  latter  really  forms  a  duplication 
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of  the  St.  Gothard  line  and  could  be  of 
little  benefit  in  improvin^^  the  condition 
of  French  commerce.  Moreover,  when 
the  Lotschberg  line  is  opened,  there  will 
be  two  parallel  and  nearly  straight  lines 
from  the  western  part  of  upper  Italy  to 
the  north,  which  will  be  very  useful  to 
Switzerland  and  Germany  but  of  no  use 
whatever  to  France.  It  is  very  neces- 
sary for  French  commerce  that  easy  and 
direct  access  be  had  to  the  industrial  dis- 
trict lying  within  the  triangle  Genoa- 
Milan-Turin,  the  latter  of  which  is  des- 
tined to  become  the  center  of  the  French 
trade ;  the  existing  railway  connections 
between  France  and  Italy  will  not  suffice 
to  carry  the  very  heavy  traffic  expected 
in  the  near  future.  The  Nizza-Venti- 
miglia  and  Nizza-Coni  lines,  now  under 
construction,  will  not  improve  the  situa- 
tion materially,  being  too  far  to  the 
south.  On  all  counts  the  construction  of 
a  new  railway  through  the  western  Alps 
is  of  paramount  interest  to  the  industry 
and  commerce  of  France  and  it  will  soon 
be  necessary  to  decide  how  it  is  to  be 
carried  out.  A  discussion  of  the  pro- 
ject recently  published  in  the  Oester- 
reichische  Eiscnhahn-Z eitung  and  trans- 
lated in  the  Bulletin  of  the  International 
Railzvay  Congress  for  February,  of 
which  a  brief  abstract  follows,  is,  there- 
fore, of  very  timely  interest. 

The  longest  part  of  the  Alpine  chain, 
not  pierced  by  a  tunnel,  lies  between  the 
Mont  Cenis  and  the  Simplon  lines.  The 
distance  is  186  miles.  A  straight  line 
drawn  on  the  map  from  Paris  to  Genoa 
A^ill  cut  this  gap  about  the  middle  and 
will  touch  Dijon,  Geneva,  Mont  Blanc, 
Chivasso  and  Asti ;  thus  it  not  only  gives 
the  shortest  route  between  Paris  and 
Genoa  but  also  provides  for  important 
towns  in  between.  Once  such  a  railway 
is  completed,  then  we  shall  have  the 
shortest  route  between  Paris  and  Lon- 
don, the  two  great  commercial  and  busi- 
ness centers  of  Europe,  on  the  one  hand, 
and  upper  Italy,  or  more  accurately,  the 
triangle  Turin-Milan-Genoa,  on  the  oth- 
er; and  from  the  latter,  the  main  routes 
start  which  go  to  the  Tyrrhenian  Sea,  to 
Rome  and  Naples  and  the  Adriatic.  By 
far  the  greater  part  of  these  long  and 
important   routes   are    already   equipped 


with  railways.  In  order  to  fill  the  gap  in ' 
the  middle,  all  that  is  necessary  is  to 
build  the  section  Lons  le  Saulnier,  Saint 
Cloud,  Geneva,  Saint  Gervais,  Chamo- 
nix,  Entreves-Aosta  and  ChivdSso-Asti. 
And  this  brings  us  to  the  most  difficult 
part  of  the  undertaking,  the  piercing  of 
the  Faucillc  and  of  Mont  Blanc. 

The  Lons  le  Saulnier-Geneva  section, 
via  the  Faucille,  was  formerly  proposed 
by  the  City  of  Geneva  as  giving  the  best 
access  to  the  Simplon.  It  has  been  in- 
cluded in  the  new  project  as  it  is  the 
shortest  connection  with  the  existing 
section  Annemasse-Bonneville-St.  Ger- 
vais. The  Faucille  line  has  the  advan- 
tage also  of  possessing  the  easiest  techni- 
cal conditions.  There  are  few  curves 
having  a  smaller  radius  than  1,650  feet; 
the  greatest  elevation  the  whole  way 
does  not  exceed  1,834  feet,  as  compared 
with  2,315  feet  in  the  Simplon,  3,789  feet 
in  the  St.  Gothard,  and  4,245  feet  in  the 
Mont  Cenis  ;  and  the  steepest  gradients  do 
not  exceed  10  per  thousand,  as  compared 
with  18  to  25  per  thousand  over  12  miles 
in  the  Simplon,  26  to  27  per  thousand 
over  68  miles  in  the  St.  Gothard,  and  24 
to  50  per  thousand  over  50  miles  in  the 
Mont  Cenis.  The  cost  of  construction, 
however,  will  be  very  high.  It  is  esti- 
mated that  the  47  miles  of  railway  will 
cost  115  million  francs,  as  it  is  to  have 
double  track  and  three  large  tunnels  will 
be  required.  Of  this  amount  the  Canton 
of  Geneva  has  pledged  20  million  francs 
and  the  Paris  -  Lyons  -  Mediterranean 
Railway  Company  40  million,  leaving  55 
million  francs  to  be  supplied  by  the 
state. 

The  shortest  way  from  Geneva  to  Italy 
passes  through  the  mass  of  Mont  Blanc, 
which  is  to  he  pierced  by  a  tunnel ;  sub- 
sequent to  this  the  line  is  to  descend  to 
the  Piedmont  by  the  Dora  Baltea  valley. 
The  geological  conditions  and  the  topo- 
graphy are  nowhere  else  so  convenient 
for  a  tunnel  as  in  the  case  of  Mont 
Blanc.  The  mass  consists  of  a  very  com- 
pact form  of  true  granite  and  its  shape 
is  such  that  it  appears  impossible  that 
any  great  difficulties  will  arise.  As  the 
tunnel  will  be  more  than  3,280  feet  above 
sea  level,  the  greatest  difficulties,  high 
temperatures  and  the  irruption  of  large 
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masses  of  water,  are  not  likely  to  occur. 
The  ample  water  power  in  the  Dora  Bal- 
tea  valley  can  be  utilized  for  electric 
traction ;  this  will  make  it  possible  to 
have  rather  steeper  gradients,  at  a  cor- 
respondingly lower  cost  of  construction, 
without  in  any  way  impairing  the  effi- 
ciency of  the  line.  The  latest  det'^rmina- 
tions,  made  in  1907,  gave  the  length  of 
the  Mont  Blanc  tunnel  as  8  miles,  be- 
tween an  elevation  of  3,445  feet  at  Cha- 
monix  and  4,223  feet  at  Entreves.  The 
steepest  gradient  in  the  tunnel  will  be  30 
per  thousand,  and  on  the  lines  of  access, 
20  per  thousand.  The  cost  of  a  double- 
track  tunnel,  which  will  certainly  be  re- 
quired, is  estimated  at  60  million  francs. 
The  cost  of  the  sections  from  St.  Gervais 
on  the  one  side  and  from  Aosta  on  the 
other  will  be  15  million  francs  each,  mak- 
ing the  comparatively  small  total  of  90 
million  francs  for  the  cost  of  a  double- 
track  Mont  Blanc  railway.  This  amount 
would  have  to  be  contributed  by  France 
and  Italy  in  equal  proportions.  The  total 
expenditure  on  the  French  side,  there- 
fore, for  the  Dijon-Mont  Blanc  connec- 
tions will  be  100  million  francs.  Exten- 
sions necessary  on  the  Italian  side  will 
bring  the  cost  to  Italy  up  to  70  million 
francs. 

The  three  tunnels  on  the  Faucille  line 
are  to  be,  respectively,  4,  7.1,  and  9.45 
miles  in  length.  Each  of  these  can  be 
attacked  from  both  ends  at  once,  and  the 
piercing  of  the  longest  tunnel  is  estimat- 
ed to  take  four  years.  The  time  re- 
quired by  the  Mont  Blanc  tunnel  is  esti- 
mated at  five  years.  Hence  it  is  expected 
that  the  new  railway  through  the  Alps 
will  be  finished  five  years  after  the  work 
is  actually  started. 

If  the  Mont  Blanc  railway  is  built,  the 
lengths  of  the  various  routes  by  which 
international  traffic  can  be  carried  be- 
tween Paris  and  Genoa  will  be :  by  the 
St.  Gothard,  651  miles;  Mont  Cenis,  595 
miles;  Simplon,  via  Pontarlier,  571 
miles;  Simplon,  via  the  Faucille,  598 
miles;  and  Mont  Blanc,  540  miles.  Be- 
sides the  advantage  of  distance,  the  ad- 
vantage as  regards  curves  and  gradients 
is  in  favor  of  the  latter  route.  It  is  ex- 
pected that  the  Mont  Blanc  railway  will 
attract   a   great   deal   of   the   important 


traffic  to  and  from  India.  At  present  the 
bulk  of  it  goes  via  Ostend  and  the  St. 
Gothard.  The  route  to  Brindisi  via 
Calais  and  Mont  Blanc  will,  however, 
have  a  slight  advantage  in  distance  and 
a  considerable  advantage  in  grade  over 
the  Ostend  -  Bale  -  St.  Gothard  route ; 
while  the  actual  difference  in  distance 
will  be  only  5  miles,  the  former  will  be 
virtually  82  miles  shorter.  No  doubt  a 
large  part  of  the  passenger  traffic  from 
north-western  Europe  to  the  East  will  be 
attracted  to  the  new  route,  but  what 
France  is  more  particularly  considering 
is  the  more  important  goods  traffic  to 
Italy  and  the  East,  which  at  present  it 
does  not  share. 

The  Mont  Blanc  railway  may  affect 
materially  south  Germany  and  Austria- 
Hungary  also.  At  present  the  exchange 
of  goods  between  western  and  eastern 
Europe,  up  to  the  Black  Sea,  has  its  main 
route  along  the  valley  of  the  Danube.  It 
is  now  thought  that  this  traffic  could  be 
deviated  by  the  Simplon  line  to  the  south, 
by  sending  it  to  Switzerland,  and 
through  the  valleys  of  the  Po  and  the 
Save  to  Belgrade,  so  that  in  this  way  the 
important  centers  Bucharest,  Constantin- 
ople and  Odessa  could  be  reached  more 
quickly.  This  plan  would  be  greatly 
facilitated  by  the  building  of  the  Mont 
Blanc  line,  as  the  detour  through  Pontar- 
lier would  then  be  eliminated,  and  the 
whole  of  the  traffic  from  western  Europe 
to  the  countries  adjoining  the  Black  Sea 
and  to  Servia  could  take  the  Mont  Blanc 
route.  The  Simplon  route  has  an  ad- 
vantage of  distance  amounting  to  63 
miles  over  the  Strassburg-Budapest  line 
and  this  would  be  increased  by  another 
63  miles  by  the  opening  of  the  Mont 
Blanc  railway.  The  result  would  be  that 
Italy  would  then  share  in  the  Balkan 
traffic  in  which  it  now  has  no  interest, 
Austria-Hungary  would  lose  a  grent 
deal  of  the  through  traffic,  and  south 
Germany  w^ould  entirely  lose  the  through 
traffic.  The  alterations  in  international 
traffic  routes  which  would  be  brought 
about  by  the  Mont  Blanc  line  would  thus 
be  greater  than  those  which  have  result- 
ed from  the  opening  of  the  St.  Gothard, 
of  the  Mont  Cenis  and  of  the  Simplon 
lines. 
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Arches. 

Experimental  Verification  of  Arch  For- 
mulas. Malverd  A.  Howe.  Describes  ex- 
periments made  to  verify  the  results  ob- 
tained by  using  the  writer's  summation 
formulas  for  the  fixed  arch  as  applied  to 
ribs  of  reinforced  concrete.  Ills.  2500  w. 
R  R  Age  Gaz— March  26,  1909.     No.  3516. 

See  also  Concrete  and  Reinforced  Con- 
crete, under  Bridges. 

Bascule. 

A  Novel  Arrangement  for  a  Rolling- 
Lift  Bfiscule  Bridge  in  Burma.  Illus- 
trated   description    of   a   bridge    over    the 


Ngawun  River,  giving  200  ft.  clear  chan- 
nel. 800  w.  Eng  News — Mar^h  25,  1909. 
No.  3493. 

Bascule  Bridges  Over  the  East  Chicago 
Canal.  Illustrates  and  describes  bridges 
of  the  Rail  patented  type  of  bascule  bridge, 
four  of  which  are  to  be  built  for  railways 
crossed.  2500  w.  Eng  News— March  18, 
1909.    No.  3244. 

Blackwell's  Island. 

Nickel-Stccl  Eye-Bars  for  Blackwell's 
Island  Bridge.  William  R.  Webster.  A 
summary  of  the  preliminary  experimental 
tests  made,  with  tabulated  results.  3000  w. 
Pro  Am  Soc  of  Civ  Engrs — March,  looo 
No.  3498  E. 


We  supply  copies  of  these  articles.    See  page  319. 
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Cantilever. 

See   Viaducts,   under   Bridges. 
Concrete. 

Short-Span  Bridges  in  Philadelphia. 
Concrete  and  steel  railroad  and  highway 
bridges  recently  built  in  the  suburbs  are 
illustrated  and  described.  1500  w.  Eng 
Rec— March  13,  I909-     No  31 12. 

The  Stress  Sheets  and  Some  Con- 
struction Details  of  a  280-ft.  Span  Rubble 
Concrete  Arch  Bridge  at  Cleveland,  Ohio. 
Illustrated  description  of  general  struc- 
tural features  of  the  Rocky  River  arch, 
with  stress  computations.  2000  w.  Engng 
Con— March  10,  1909.     No.  3093. 

Culverts. 

The  Design  of  Culverts  and  Sewers. 
Abstract  of  a  paper  by  Ernest  McCul- 
lough,  before  the  111.  Soc.  of  Engrs.  and 
Surv.  A  study  of  earlier  structures  and 
the  theories  of  their  design.  2500  w.  Eng 
Rec— Feb.  27,  1909.     No.  2851. 

The  Standard  Reinforced  Concrete  Cul- 
vert Construction  of  the  Iowa  State  High- 
way Commission.  Illustrations  and  par- 
ticulars of  examples  of  concrete  culverts 
and  highway  bridges.  1000  w.  Engng-Con 
—March  3,  1909.     No.  3028. 

Erection. 

Derrick  Cars  for  Bridge  Erection.  Il- 
lustrated description  of  designs,  described 
by  J.  H.  Prior  in  a  paper  before  the 
Western  Society  of  Engineers.  2500  w. 
Eng  Rec— March  6,   1909.     No.  2973. 

Handling  Complete  Bridge  Spans.  Il- 
lustrates and  describes  work  on  the 
Lehigh  &  New  England  in  which  the 
spans  were  assembled  off  the  bridge,  then 
brought  into  position  over  the  old  truss 
and  hung  from  gallows  frames.  The 
old  truss  was  then  removed  and  the  new 
truss  lowered  into  position.  1200  w.  R 
R  Age  Gaz — March  12,  1909.     No.  3097. 

Floors. 

Reinforcing    the    Glens    Falls    Highway 
Bridge   Floor.      Illustrates    and    describes 
an  ingenious  system.     1500  w.    Eng  Rec — 
March  13,  1909.     No.  31 10. 
Foundations. 

Foundations  for  a  Concrete  Bridge. 
George  A.  McKay.  Describes  work  in 
connection  with  the  erection,  by  the  D.  L. 
&  W.  R.  R.,  of  a  large  bridge  across  the 
Delaware  River.  Ills.  2000  w.  Harvard 
Eng  Jour — Jan.,  1909.    No.  3194  D. 

Lift  Bridges. 

Lift  Bridges.  An  illustrated  discussion 
of  many  types  of  movable  bridges.  17500 
w.  Pro  Engrs'  Soc  of  W  Penn — Feb.. 
1909.    No.  3454  D. 

See  also  Bascule,  under  Bridges. 

New  York.  , 

Our  Four  Big  Bridges.  Montgomery 
Schuyler.      A    critical    study    of   the    aes- 

PVe  supply  copies  of  these 


thetic  and  scientific  qualities  of  the  East 
River  bridges  at  New  York  City.  5500 
w.     Arch  Rec— March,  1909.     No.  2915  C. 

Reconstruction. 

The  Widening  of  Blackfriars  Bridge. 
An  illustrated  review  of  the  methods 
for  conipleting  the  superstructure.  1200 
w.    Engng — March  5,  1909.    No.  3164  A. 

Reinforced   Concrete. 

Comparative  Construction  and  Main- 
tenance Costs  of  Reinforced  Concrete  and 
Steel  Bridges.  E.  P.  Goodrich.  Read  be- 
fore the  Nat.  Cement  Users  Assn.  6500 
w.      Engng-Con — March    17,    1909.      No. 

3235-  ^. 

Concrete  Bridges.  Frank  Barber.  Dis- 
cusses some  of  the  concrete  and  rein- 
forced concrete  bridges  and  the  reasons 
for  their  popularity.  Ills.  2500  w.  Can 
Engr — March  5,  1909.     No.  3005. 

A  Reinforced  Concrete  Arched  Rib — 
Fixed  Ends.  A.  W.  Miller.  Drawings 
and  explanation  of  methods  of  designing 
a  proposed  12th  street  bridge,  at  Oakland, 
Cal.  5000  w.  Cal  Jour  of  Tech — Feb., 
1909.     No.  3502. 

The  Wyoming  Avenue  Arch  Bridge  at 
Philadelphia.  Illustrated  description  of 
two  concrete  highway  bridges  of  the  same 
general  dimensions  and  construction.  1000 
w.     Eng  Rec — Feb  27,  1909.     No.  2846. 

The  Gmiinder  Bridge  near  Teufen, 
Switzerland  (Die  Gmiindertobel-Briicke 
bei  Teufen  in  Kanton  Appenzell).  E. 
Morsch.  Illustrated  description  of  a  high 
reinforced  concrete  arch  of  79  metres 
span.  Serial,  ist  part.  1700  w.  Schweiz 
Bau — Feb.  13,  1909.     No.  3384  B. 

See  also  Arches,  Culverts  and  Founda- 
tions, under  Bridges. 

Steel. 

Parabolic  Bridges  (Fonts  paraboliques). 
A.  Nachtergal.  A  mathematical  and 
graphical  demonstration  of  the  method  of 
determining  length  •  of  members.  Ills. 
2000  w.    All  Indus — Feb.,  1909.    No.  3326  D. 

Light  and  Heavy  Bridges  ( Fonts  lourds 
ct  Fonts  legers).  M.  Pendaries.  De- 
scribes two  types  of  light,  strong  and  cheap 
bridges,  of  steel  girders,  reinforced  with 
concrete.  Ills.  loooo  w.  Ann  d  Fonts  et 
Chaussecs — T908-VI.     No.  3314  E  +  F. 

Recent  Short-Span  Highway  Bridges. 
Illustrated  description  of  bridges  at  Ith- 
aca, N.  Y.,  carrying  Buffalo  and  Seneca 
Streets  over  the  Cayuga  Inlet.  1300  w. 
Eng  Rec — March  27,  1909.     No.  3540. 

The  New  Railroad  Bridge  at  Van- 
couver. J.  Mayne  Baltimore.  Brief  il- 
lustrated description  of  the  largest,  long- 
est and  most  expensive  railway  bridge  on 
the  American  continent.  700  w.»  Sci  Am 
Sup — reb.  27,  1909.     No.  3576. 

The  King  Edward  VII  Bridge,  New- 
castle   on    T3me.      Frank    William    Davis 

articles.    See  page  319. 
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and  Cyril  Reginald  Sutton  Kirkpatrick. 
Describes  the  foundations,  approaches, 
superstructure  and  its  erection,  cableways, 
etc.  Ills.  Discussion.  27000  w.  Inst  of 
Civ  Engrs — No.  3742.     No.  3210  N. 

I.  The  Curzon  Bridge  at  Allahabad. 
Robert  Richard  Gales.  II.  The  Netra- 
vati  Bridge  at  Mangalore.  Archibald 
Scott  Napier.  General  description  of 
construction  and  costs  of  two  bridges  'n 
India.  Discussed  together.  35800  w.  Plates, 
and  Ills. — Inst  of  Civ  Engrs — No.  3626 
and  No.  3733.    No.  3208  N. 

See  also  Concrete,  Erection,  I'loors,  Re- 
inforced  Concrete,   Suspension,   and   Via- 
ducts, under  Bri!)GES. 
Suspension. 

The  Gisclard  Suspension  Bridge  over 
the  Cassagne  (Pont  suspendu  fixe,  Sys- 
tenie  Gischard,  de  la  Cassagne,  Pyrenees- 
Orientales).  G.  Leinekugel  Le  Cocq.  il- 
lustrated description  of  the  structure  and 
its  construction.  Serial,  ist  part.  4000  w. 
Genie  Civil — Feb.  20,  1909.     No.  3344  D. 

The  Trellins  Suspension  Bridge  (No- 
tice sur  la  Construction  du  Pont  sus- 
pendu de  Trellins  pres  Vinay).  M.  Buis- 
son.  Describes  a  bridge  of  the  "semi- 
rigid" t\pe.  Ills.  3800  w.  Ann  d  Ponts 
et  Chaussees — 1908-VI.     No.  3315  E  -^  F. 

Viaducts. 

The  Bear  River  Viaduct ;  Nevada 
County  Narrow  Gauge  R.  R.,  Colfax,  Cal. 
Brief  illustrated  description  of  a  viaduct 
containing  a  double  cantilever  construc- 
tion of  novel  design.  1000  w.  Eng  News 
— March  11,  1909.     No.  3100. 

The  Greenville  Bridge  of  the  Boston  & 
Maine  Railroad.  Illustrates  and  describes 
the  erection  of  a  steel  viaduct  over  611  ft. 
long,  carrying  a  single  track  nearly  too  ft. 
above  tlie  Sonhegan  River.  2000  w.  Eng 
Rec — Feb.  27,  1909.     No   2850. 

The  Sixth  Street  Viaduct,  Kansas  City. 
E.  E.  Howard.  Illustrated  detailed  de- 
scription of  a  steel  structure,  about  8000 
ft.  long,  carrying  elevated  roadway  and 
two  car  tracks  across  the  valley  of  the 
Kaw  River.  17500  w.  Pro  Am  Soc  of 
Civ  Engrs — Feb.,  1909.     No.  3459  E. 

CONSTRUCTION. 
Caissons. 

Pneumatic  Caissons  on  the  North- 
South  Line  of  the  Paris  Subway.  Wil- 
liam F.  Johnston.  An  illustrated  descrip- 
tion of  the  caisson  work  in  the  river  beds 
and  the  two  large  underground  stations 
in  the  Cite  and  in  Place  St.  Michel.  2500 
w.  Eng  Rec — Feb.  27,  1909.  No.  2844. 
Cement  Brick. 

A  Mill  Building  of  Cement  Brick  Con- 
struction for  the  Plymouth  Cordage  Co. 
A.  M.  Bradford.  Illustrated  description. 
2500  w.  Eng  News — March  18,  1909,  No. 
3240. 


Concrete. 

Mixing  and  Placing  Concrete  by  Hand. 
Percy  H.  Wilson.  Bulletin  No.  20,  Assn. 
of  Am.  Portland  Cement  Mfrs.,  issued 
to  give  practical  instructior  concerning 
concrete.  Ills.  6000  w.  Cement — Feb., 
J  909.     No.  3002  C. 

Cost   of   Concrete   Work   in   the   U.    S. 
Reclamation    Service.     Henry   A.    Young. 
Refers  to   work  on   tunnel   No.  3  of  the 
Huntley  Project,  Montana.     1200  w.    Cor-, 
nell  Civ  Engr — March,  1909.     No.  3199  C. 

The  Floating  Concrete  Plant  Used  on 
the  Detroit  River  Tunnel.  Newton  C. 
Farr.  Describes  the  plant  for  placing  con- 
crete around  the  tubes  sunk  in  the  river  to 
form  a  tunnel  for  the  Mich.  (^ent.  R.  R. 
Ills.  1200  w.  Cornell  Civ  ungr — March, 
1909.  No.  3200  C. 
Cost  Keeping. 

^  A  System  -of  Cost  Keeping.     Myron  b. 
Falk.     An  explanation  of  the  Accounting 
System.      1200  w.     Pro  Am   Soc   of   Civ 
Engrs— March,    1909.      No.    3497    E. 
Earthwork. 

Earthworks.  On  the  importance  of 
earthworks  and  their  proper  treatment, 
especially  in  railway  construction;  the 
angle  of  slope,  material,  etc.  1500  w. 
Engr,  Lond — March  12,  1909.    No.  3427  A. 

See  also  same  title,  under  RAILWAY 
ENGINEERING,  Permanent  Way  and 
Buildings. 

Factories. 

A  New  Building  for  the  Western  Elec- 
tric Company.  Illustrated  description  of 
a  fireproof  factory  building  in  Chicago, 
having  500,000  sq  ft.  of  available  floor 
space,  to  be  used  for  the  manufacture  of 
telephone  apparatus.  2500  w.  Eng  Rec 
— Feb.  27,  1909.  No.  2853. 
Failures. 

Failure  of  a  Reinforced  Concrete  Res- 
ervoir at  Annapolis.  R.  A.  Danforth.  A 
detailed  description  of  the  construction, 
the  failure,  and  repair.  Ills.  2200  w. 
Eng  Rec— March  13,  1909.  No.  3107. 
Fertilizer  Plants. 

Fertilizer  and  Acid  Plants.  F.  E.  Mac 
Knight.  A  brief  resume  of  the  history 
and  statistics  of  this  industry,  discussing 
the  constructional  features  of  the  plants 
with  special  reference  to  the  fire  haz- 
ards. Ills.  3500  w.  Ins  Engng^March, 
1909.  Serial,  ist  part.  No.  3499  C. 
Fireproof. 

See  Clay-Products  Testing,  under 
Measurement. 

Foundations. 

A  Test  Loading  of  the  Strauss  Con- 
crete Pile  Foundation  (Fine  Probebelast- 
ung  mit  dem  BetonpfahLGriindungsys 
tcm  "Strauss").    Otto  Colberg.    Describes 


IVe  supply  copies  of  these  articles.    Sec  page  j/p. 


28o 


THE   ENGINEERING   INDEX. 


the   system    and    the    tests    and   gives    re- 
sults.   Ills.    2000  w.    Bcton  u  Eisen— Feb. 
23,   1909.     No.  3552  F. 
Piling. 

Steel  Sheeting  and  Sheet  Piling.  L.  R. 
Gifford.  A  study  of  the  essentials  of  a 
satisfactory  steel  piling,  and  an  analysis 
of  some  of  the  principal  sections  in  use. 
Ills.  3000  w.  Pro  Am  Soc  of  Civ  Engrs 
—Feb.,  1909-     No.  3458  E. 

Cast  Reinforced  Concrete  Piles.  San- 
ford  E.  Thompson  and  Benjamin  Fox. 
Gives  description  of  the  design,  construc- 
tion and  data  on  driving  cast  reinforced 
concrete  piles  for  a  foundation  of  the 
Boston  Woven  Hose  and  Rubber  Co.'s 
new  power  plant  in  Cambridge,  Mass. 
Ills.  Discussion.  7000  w.  Jour  Assn  of 
Engng  Socs— Jan.,   1909.     No.  3223  C. 

Concrete  Piles  Used  in  the  Steamship 
Terminals  at  Brunswick,  Ga.,  and  in 
Navy  Yard  Pier  at  Charle'ston,  S.  C.  M. 
M.  Cannon.  A  description  of  the  pile 
work.  Ills.  Discussion.  4500  w.  Jour 
Assn  of  Engng  Socs— Jan.,  1909.  No. 
3224  C. 
Reclamation. 

The  Reclamation  of  an  Extension  to 
Lincoln  Park,  Chicago.  Outline  of  meth- 
ods used.  2000  w.  Eng  Rec — Feb.  27, 
up9.     No.  2852. 

The  Drainage  and  Reclamation  of  the 
Zuider  Zee  (Het  Wetsontwerp  voor  den 
Aanleg  van  een  Gedeelte  van  de  Afsluit- 
ing  der  Zuiderzee  en  indijking  en  droog- 
making  van  de  Wieringermeer).  Dr.  J. 
Kraus.  A  comprehensive  general  review 
of  the  project.  7800  w.  De  Ingenieur — 
Feb.  20,  1909.  No.  3575  D. 
Record  Systems. 

An  Efficient  Index  System  for  City  En- 
gineers' Offices.  William  Gavin  Taylor. 
Read  before  the  Connecticut  Soc.  of  Civ. 
Engrs.  Remarks  on  various  systems, 
with  explanation  of  the  filing  system  de- 
veloped by  the  writer.  2200  w.  Eng  Rec 
— March  20,   1909.     No.  3270. 

Reinforced  Concrete. 

Diagrams  for  Reinforced  Concrete 
Beams.  H.  O.  Schermerhorn.  Inset  plate 
of  diagrams,  with  explanation  and  re- 
view of  the  principles  of  design  as  far 
as  is  necessary  to  show  the  deduction  of 
the  equations.  Illustrates  their  use.  2500 
w.     Eng  Rec — March  6,   1909.     No.  2974. 

A  Method  of  Designing  Reinforced 
Concrete  Beams  (Note  sur  une  Methode 
de  Calcul  des  Poutres  en  Ciment  arme). 
M.  Pigeaud.  A  mathematical  demonstra- 
tion. Ills.  9600  w.  Ann  des  Ponts  et 
Chaussees — 1908- VI.     No.  3312  E  4-  F. 

A  Reinforced  Concrete  Interlocking 
Tower.  Illustrates  and  describes  a  tower, 
designed  for  a  48  lever  machine.  1000  w. 
Sig  Engr — March,  1909.     No.  3238. 


A  Reinforced  Concrete  Church  in  Loi 
Angeles,  Cal.  Illustrates  and  describes 
the  methods  of  construction,  especially 
the  reinforcement  of  the  dome  and  sup- 
porting columns.  1000  w.  Eng  Rec — 
March  20,  1909.    No.  3267. 

Reinforced  Concrete  in  the  Zeppelin  Air 
Ship  Shed  Competition  (Der  Eisenbeton 
im  Wettbewerb  um  die  Luftschiff-Ban- 
halle  Zeppelins).  Illustrates  and  describes 
designs  for  an  immense  arched  structure. 
Serial,  ist  part.  1800  w.  Deutsche  Bau 
— Feb.  6,  1909.     No.  3382  B. 

See  also  Failures,  Piling,  and  Under- 
pinning, under  Construction  ;  Septic 
Tanks,  under  Municipal;  Lighthouses, 
under  Waterways  and  Harbors  ;  Barges, 
under  MARINE  AND  NAVAL  ENGI- 
NEERING; Shafting,  under  MECHAN- 
ICAL ENGINEERING,  Power  and 
Transmission;  and  Timbering,  under 
MINING  AND  METALLURGY,  Min- 
ing. 
Steel. 

Secondary  Stresses  in  Framed  Struc- 
tures. E.  W.  Pittman.  Calls  attention 
to  faults  in  structural  details  causing  these 
stresses,  illustrating  their  effects  on  tlie 
strength  of  the  structures.  Discussion. 
8000  w.  Pro  Engrs'  Soc  of  W  Penn — 
Feb.,   1909.     No.  3455  D. 

The  Extension  to  Masonic  Hall,  New 
York  City.  Illustrated  detailed  descrip- 
tion of  a  steel-cage  office  structure  of 
21  stories.  2000  w.  Eng  Rec — March  13, 
1909.     No.  3105. 

The  Allegheny  County  Soldiers'  Me- 
morial. Section,  plans  and  description 
of  a  fireproof  public  building  in  Pittsburg, 
having  interesting  features  of  structural 
steel  work.  2200  w.  Eng  Rec — March  6, 
1909.     No.  2972. 

Steel  Construction  in  the  New  Kiel 
Theatre  (Eisen-Konstruktionen  im  neuen 
Stadttheater  in  Kiel).  O.  Leitholf.  Il- 
lustrated description  of  a  complicated 
structure.  Serial.  ist  part.  2300  w. 
Deutsche  Bau — Feb.  20,  1909.   No.  3383  B. 

See    also    Derricks,    under    MECHAN- 
ICAL   ENGINEERING,    Transporting 
and  Conveying. 
Tunnels. 

The  Detroit  River  Tunnel.  Illus- 
trates and  describes  this  interesting  work. 
2S0O  w.  Engr,  Lond — Feb.  19,  1909.  No. 
2898  A. 

Methods  and  Cost  of  Constructing  the 
New  Raton  Tunnel  for  the  Atchison,  i  o- 
peka  &  Santa  Fe  Ry.  Co.,  at  Raton  Pass, 
New  Mexico.  Jos.  Weidel.  Ills.  4000  w. 
Engng-Con — March  3,   1909.     No.  3024. 

The  Railway  Through  Mont  Blanc. 
Discusses  this  project  of  constructing  a 
new  international  railway  through  the 
Western  Alps.  4000  w.  Bui  Int  Ry  Cong 
— Feb.,  1909.     No.  3281  G. 
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The  Catastrophe  ai  the  Lotschberg 
I'unnel.  A.  Trautweiler.  An  illustrated 
article  describing  the  inburst  of  July  24. 
2800  w.  Bui  Jilt  Ry  Cong.  Feb.,  1909. 
No.  3280  G. 

See  also  Concrete,  under  Construc- 
tion; Drilling,  under  MINING  AND 
METALLURCiY,  Mining;  and  Subways, 
under  STREICT  AND  ELECTRIC 
RAILWAYS. 

Underpinning. 

Underpinning  a  Building  With  a  Con- 
crete Girder  105  Feet  Long.  Illustrated 
description  of  the  methods  employed  in 
building  a  large  concrete  girder  at  Evans 
ville,  Ind.,  for  the  water  works  pumping 
station  foundation.  1500  w.  Eng  News 
— March  4,  1909.     No.  2995. 

Wage  Systems. 

See   same   title,    under    INDUSTRIAL 
ECONOMY. 
Waterproofing. 

Waterproofing  Reinforced  Concrete 
Coal  Bunkers.  A.  T.  Schreiber.  De- 
scribes interesting  work  in  Philadelphia, 
illustrating  the  use  of  Wunners  bitumen- 
emulsion  waterproofing.  1800  w.  Eng 
Rcc — Feb.  27,  1909.     No.  2849. 

MATERIALS    OF    CONSTRUCTION. 

Brick. 

The  Strength  and  Absorption  of  Brick, 
and  a  Comparison  Between  Different 
Methods  of  Determining  Absorption.  Re- 
views two  papers  by  James  E.  Howard, 
read  before  the  Nat.  Brick  Mfrs.  Assn. 
1200  w.  Eng  News — March  11,  IQ09. 
No.  3104. 
Cement. 

The  Action  of  Sea  and  Fresh  Waier  on 
Cement  and  Concrete.  Ernest  R.  Mat- 
thews. Gives  conclusions  reached  by 
three  well-known  authorities  after  a  se- 
ries of  tests,  and  also  particulars  of  the 
writer's  experiments.  3000  w.  Surveyor 
— March  12,  1909.     No.  3407  A. 

See  also  Drainage,  under  Municipal. 
Concrete. 

Progress  Report  of  Special  Committee 
on  Concrete  and  Reinforced  Concrete.  A 
report  of  the  present  judgment  of  the 
Committee  concerning  the  proper  use  of 
these  materials.  10500  w.  Pro  Am  Soc 
of  Civ  Engrs — Feb.,  1909.     No.  3457  E. 

See  also  Cement,  under  Materials  of 
Construction. 

Mortars. 

Calcium    Aluminates ;    Their   Effect   on 

Mortars.      TIenry     S.     Spackman.      Gives 

analyses  and  tests  with  results.     4000  w. 

Jour  Fr  Inst — March,  1909.     No.  3250  I). 

Reinforced  Concrete. 

Rupture  Tests  of  Reinforced  Concrete 
Beams   by    N.    Rella    and    Ncffe,    Vienna 


(Die  Bruchversuche  mit  Plattenbalken  der 
Betonbauunternehmung  N.  Rella  und 
Neffe,  Wicn).  Describes  tests  on  T  beams, 
reinforced  in  various  ways,  and  gives  re- 
sults. Ills.  3750  w.  Beton  u  Eisen — 
Feb.  23,  1909.     No.  3553  F. 

Steel. 

See   Blackwell's   Island,   under   Bridges. 

Timber. 

Properties  of  the  Usual  Sections  of 
Timber.  George  M.  Adams.  Read  be- 
fore the  Transvaal  Inst,  of  Mech.  Engrs. 
Gives  tabulated  results  of  calculations  ex- 
plaining applications.  700  w.  Mech  Engr 
— March  12,  1909.     No.  3410  A. 

Improved  Methods  of  Bleeding  Pine 
Trees  for  Turpentine  and  Rosin,  A  de- 
scription of  old  and  new  methods,  and  re- 
port of  U.  S.  Forest  Service  tests  of  the 
natural  and  bled  timber.  Ills.  700  w. 
Eng  News — March  18,  1909.     No.  3243. 

Timber  Preservation. 

The  Relation  of  Non-Pressure  Pro- 
cesses of  Wood  Preservation  to  Pressure 
Processes.  W.  F.  Sherfesee.  :5liows 
that  the  non-pressure  simplifies  both  the 
processes  and  the  mechanical  equipment, 
and  that  they  do  not  compete  with  the 
pressure  processes.  Ills.  3300  w,  Eng 
News — March  4,  1909.    No.  2994. 

A  Modern  Timber  Treating  Plant.  Il- 
lustrated description  of  the  plant  of  the 
Santa  Fe  at  Somerville,  Texas,  for  treat- 
ing ties  by  Rueping  process.  2000  w.  Met 
Work — March  20,   1909.     No.  3258. 

Tie  Treatment  with  Crude  Oil  on  the 
Mexican  Central.  Describes  the  pro- 
cess used  at  Aguascalientes,  ^lexico,  giv- 
ing experimental  results.  2000  w.  R  R 
Age  Gaz — March  26,  1909.     No.  3518. 

MEASUREMENT. 

Asphalt  Testing. 

Testing  Asphalt — Melting  Point  and 
Flow  Point.  Henry  1  ipper.  Considers 
the  value  of  these  tests.  2800  w.  Munic 
Jour  and  Engr — March  3,  1909.    No.  2933. 

Cement  Testing. 

The  Importance  and  Cost  of  Current 
Testing.  W.  Purves  Taylor.  Read  be- 
fore the  Nat.  Assn.  of  Cement  Users. 
Shows  the  value  of  well-made  tests,  and 
the  danger  of  cheaply  made  tests.  1500 
w.     Cement — Feb.,  1909.     No.  3003  C. 

Progress  Report  of  Special  Committee 
on  Uniform  Tests  of  Cement.  Illustrates 
and  describes  experimental  investigations. 
4000  w.  Pro  Am  Soc  of  Civ  Engrs — Feb., 
1909.     No.  3456  E. 

Clay-Products  Testing. 

Testing  Clay  Products.  A.  V.  Bleinin- 
ger.  Gives  an  outline  of  tests  to  be  made 
at  Pittsburg  laboratories  to  determine 
their  fire-resisting  properties.  1600  w.  Ins 
Eng — March.   1909.     No.  3500  C. 
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Concrete  Testing. 

A  New  Test  for  Concrete.  J.  S. 
Owens.  Describes  the  origin  and  appli- 
cation of  a  new  test  for  determining  the 
end  of  the  mixing  process  in  preparing 
concrete.  6000  w.  boc  of  Engrs — 
March  i,  1909.     No.  3284  N. 

Soil  Testing. 

Tests  of  Soil  for  Use  in  Constructing 
an  Earth  Dam  for  a  Water- Works  Res- 
ervoir, Baltimore,  Md.  Emory  Sudler. 
Describes  method  used  in  testing  soil  in 
the  construction  of  a  large  storage  reser- 
voir, with  tabulated  results.  1000  w.  Eng 
News— March  25,  1909.     No.  3490. 

Surveying. 

The  History  of    Land  Measurement  in 
England.     Wilfrid  Airy.    A  review  of  the 
early  practice.     2800   w.     Engng— March 
12,  1909.    No.  3416  A. 
Testing  Machines. 

Special  Features  of  a  Recently  In- 
stalled 6oo,ooo-lb.  Universal  Testing  Ma- 
chine. Thorsten  Y.  Olsen.  From  Pro. 
Am.  Soc.  for  Test.  Materials.  Descrip- 
tion, with  illustrations,  and  methods  of 
testing.  2500  w.  -  Sib  Jour  of  Engng — 
Feb.,  1909.    No.  3252  C. 

MUNICIPAL. 

Asphalt  Plants. 

Municipal  Asphalt  Plants.  Illustrated 
descriptions  of  plants  in  various  cities  of 
the  U.  S.  and  Canada.  5000  w.  Munic 
Jour  &  Engr— March  3,  1909.     No.  2932. 

Recent  Operations  of  the  New  Orleans 
Municipal  Asphalt  Repair  Plants.  From 
a  report  by  Capt.  W.  J.  Hardee.  1600  w. 
Eng  Rec— March  13,  1909.     No.  31 11. 

City  Charters. 

Charter  Making  and  Mending  in  New 
York,  Boston,  and  Berkeley,  Cal.  Gives 
information  in  regard  to  the  proposed 
charters  for  the  cities  named,  with  edi- 
torial discussion.  15500  w.  Eng  News- 
March  25,  1909.    No.  3494. 

City  Planning. 

Improvement  of  Town  Suburbs.  George 
Cowan.  Presents  the  need  of  town  plan- 
ning, discussing  some  of  the  difficulties 
and  problems.  3000  \w  Surveyor — Feb. 
19,  1909.     No.  2884  A. 

Sewers. 

Town  and  Country :  Some  Aspects  of 
Town  Planning.  H.  V.  Lanchester. 
Discusses  town  improvements,  street  plan- 
ning, decorative  effects,  park  systems,  etc., 
with  special  reference  to  England.  Ills. 
Discussion.  loooo  w.  Jour  Roy  Inst  of 
Brit  Archts— Feb.  20,  1909.     No.  31 15  C. 

Drainage. 

Relation  of  Portland  Cement  to  Iowa's 
Drainage  Development.  A.  O.  Anderson. 
Read  before   the   Iowa  Assn.   of  Cement 


Users.  Reports  tests  made  of  cement 
tile,  showing  their  reliability.  1500  w. 
Cement   Age — March,    1909.     No.   3449. 

An  Additive  Method  of  Computing 
Run-Off  to  Sewers.  Carl  H.  Nordell 
Read  before  the  Munic.  Engrs.  of  th< 
City  of  N.  Y.  Reviews  briefly  various 
methods  developed,  and  gives  a  detailed 
description  of  the  additive  m.ethod.  Dia- 
grams. 4500  w.  Eng  News — March  11, 
1909.    No.  3102. 

A  Note  on  the  Design  of  Storm-Watei 
Drainage  Sewers  (Beitrag  zur  Berech- 
nung  von  Ueberfallen  bei  Regenauslas- 
sen).  Prof.  Friihling.  A  mathematica 
discussion.  Ills.  4000  w.  Gesundheits- 
Ing — Feb.  6,  1909.  No.  3387  D. 
See  also  Sewers,  under  Municipal. 
Pavements. 

Machinery  for  the  Maintenance  of  Street 
Pavements  in  Paris.  Jacques  Boyer.  Re- 
views the  latest  developments  in  methods 
and  machines  for  pavement  construction 
and  repair,  and  for  street  cleaning.  Ills. 
4000  w.  Engineering  Magazine — April, 
1909.    No.  3526  B. 

Amount  and  Cost  of  Repairs  to  As 
phalt  Pavements  at  Syracuse,  N.  Y.,  and 
Proper  Method  of  Determining  Time  for 
Ceasing  Repairs  and  Renewing.  From 
the  annual  report  of  the  City  Engineer, 
H.  C.  Allen.  1200  w.  Engng-Con — March 
3,  1909.     No.  3025. 

Brick  Paving  and  Street  Railway  Track 
Construction  at  Champaign,  111.  Particu- 
lars from  a  paper  by  G.  C.  Fairclo,  read 
before  the  111.  Soc.  of  Engrs.  and  Survs. 
Ills.  1500  w.  Eng  News — March  18, 
1909.    No.  3241. 

See  also  Asphalt  Plants,  under  Mu- 
nicipal; and  Asphalt  Testing,  under 
Measurement. 

Public  Baths. 

The  Wiesbaden  Public  Baths  (Entwick- 
elung  und  Betrieb  der  Volksbadeanstal- 
ten  in  Wiesbaden).  B.  Berlit.  Describes 
the  buildings,  their  equipment,  etc.  8000 
w.  Gesundheits-Ing — Feb.  20,  1909.  No. 
3390  D. 
Refuse  Disposal. 

Acton  Refuse  Destructor.  C.  J.  Yorath. 
Illustrated  detailed  description  of  a 
plant  for  a  rapidly  growing  district,  3500 
w.    Su»"veyor — March  5,  1909.  No.  3158  A. 

The  Edinburgh  Corporation's  Cleaning 
Department.  G.  A.  D.  Mackay.  An  ac- 
count of  methods  of  collecting  and  dis- 
posing of  waste,  the  cost,  and  matters  re- 
lated. 3500  w.  Pub  Works — Oct-Dec, 
1908.    No.  3594  B. 

Roads. 

Highway  Administration  and  Reform. 
Discusses  conditions  in  England,  the  need 
of   reforming   the   present   system   of  ad- 
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ministration,  with  suggestions.  3000  w. 
Surveyor — Feb.  26,  1909.     No.  3057  A. 

Some  Methods  of  Modern  Road  Con- 
struction. George  W.  Manning.  From  a 
paper  before  the  Midland  Assn.  of  Loc. 
Gov.  Officers.  Suggestions  as  to  what 
should  be  done  to  fit  English  roads  for 
modern  requirements.  2500  w.  bur- 
veyor — Feb.  26,  1909.     No.  3058  A. 

The  Construction  and  Maintenance  of 
Roads.  Albert  V.  Hart.  The  effect  of 
self-propelled  vehicles  on  roads  is  dis- 
cussed, the  stability  of  road  surfaces,  re- 
pair work,  and  cost  of  maintenance.  3500 
w.    Surveyor — Feb.  19,  1909.    No,  2883  A. 

Economic  Hints  for  Macadam  Road 
Contractors.  1800  w.  Engng-Con — March 
3,  1909.     Serial,     ist  part.     No.  3026, 

The  Preparation  of  Macadam.  Donald 
M.  D.  Stuart.  A  report  of  investigations 
on  preparation  of  crushed  stone.  2500  w. 
Surveyor — Feb.  19,  1909.    No.  2881  A. 

Recent  Maintenance  Work  of  the  Mas- 
sachusetts Highway  Commission.  De- 
scribes experiments  made  to  determine 
what  method  of  construction  should  be 
useki  to  prevent  undue  damage  by  auto- 
mobiles and  prevent  intolerable  dust.  6000 
w.  Eng  Rec — March  20,  1909.  No.  3273. 
■  Boulder  Stones  in  Southern  Ontario— 
Their  Road-Making  Qualities.  Andrew 
F.  Macallum,  and  T.  Aird  Murray.  Dis- 
cusses the  materials  at  hand  for  making 
good  roads  in  Southern  Ontario.  2200  w. 
Can  Engr — March  5,  1909.     No.  3004. 

Sampittic  Surfacing.  Walter  Wilson 
Crosby.  Submits  specifications  for  "Sam- 
pittic Surfacing"  as,  in  the  writer's  opin- 
ion, the  simplest  form  of  the  use  of  a 
hydrocarbon  cement.  2200  w.  Pro  Am 
Soc  of  Civ  Engrs — Feb.,  1909.  No.  3460  E. 

Sanitation. 

The  Status  of  the  Modern  Sanitary 
Engineer.  George  W.  Chilvers.  Revie\v.s 
recent  progress  in  sanitation.  4000  w. 
Surveyor — March  19,  1909.    No.  3606  A. 

Septic  Tanks. 

A  Reinforced-Concrete  Pressure  Sedi- 
mentation Tank.  Harold  D.  Elfreth.  Il- 
lustrated detailed  description  of  the  con- 
struction and  operation  of  a  plant  at 
Whitehall,  N.  Y.  1600  w.  Eng  News — 
March  25,  1909.     No.  3492. 

Sewage  Disposal. 

The  Sewage  Disposal  Works  of  Balti- 
more. Plan  and  description  of  the  gen- 
eral arrangement  of  the  works.  2000  w. 
Eng  Rec — Feb.  27,  1909.     No.  2848. 

Merchants'  Association  Plans  for 
Treating  New  York  Sewage  Beneath  the 
Street  Surface.  Explains  the  proposed 
plan.  Also  editorial  discussion.  2500  w. 
Eng  News — March  4,  1909.    No.  3001. 

The  Problem  of  Sewage  Disposal,  W.  D. 
Scott-Moncrieff.    First  of  a  series  of  four 


lectures  at  the  Univ.  of  London.  Re- 
views the  history  of  sanitation  in  Eng- 
land. 8000  w.  Surveyor — March  12,  1909. 
Serial,  ist  part.     No.  3408  A. 

The  Treatment  of  Sevvag-^.  Harold 
Pritchard.  Remarks  on  recent  works,  de- 
scribing a  small  installation  in  the  rural 
district  of  Burnley.  Discussion.  3000  w. 
Surveyor — Feb.  19,  1909.     No.  2882  A. 

Small  Sewage  Purification  Plants  (Die 
Abwasserreinigung  im  Kleinbetrieb),  Dr. 
A.  Liibbert.  Reviews  a  number  of  small 
plants  for  hotels,  villages,  etc.,  with  com- 
ments on  current  practice.  Ills.  Serial. 
1st  part.  2500  w.  Gesundheits-Ing — Feb. 
27,  1909.    No,  3391  D. 

The  Purification  of  Sewage  by  Intens- 
ive Biological  Treatment  (Epuration  des 
Eaux  d'Egout  par  le  Precede  biologiquc 
intensif).  M.  B.  Bezault.  A  comparison 
with  the  filtration  process.  Ills.  12000  w, 
Mem  Soc  Ing  Civ  de  France — Dec,  1908. 
No.  3301  G, 

Composition,  Tests,  and  Utilization  of 
Colombes  Sewage  Residues  (Analyses  et 
Experiences  sur  les  Boues  de  Colombes 
et  Remarques  sur  leur  Utilisation),  E. 
Damour.  An  examination  of  the  possi- 
bility of  using  sewage  residues  in  the  gas 
producer.  3100  w.  Bui  Soc  d'Encour — 
Jan.,  1909.    No.  331 1  G. 

The  Sewer  System  of  San  Francisco, 
and  a  Solution  of  the  Storm- Water  Flow 
Problem.  C.  E.  Grunsky.  Describes  the 
topography  and  conditions  to  be  met,  the 
design  of  a  sewer  system,  methods  of 
estimating  capacity,  types  of  sewers,  etc. 
Maps.  28000  w.  Pro  Am  Soc  of  Civ 
Engrs — March,   1909.     No.  3495   E, 

See  also  Culverts,  under  Bridges  ;  and 
Drainage,  under  Municipal. 

WATER  SUPPLY. 
Analysis. 

Analytical  Reports  on  Water  Samples. 
Fred  A.  Anderson.  A  discussion  de- 
signed -or  engineers  who  have  to  use  the 
results  of  water  analyses  as  reported  by 
chemisis.  2500  w.  Elect'n,  Lond — Feb. 
19,  1909.     Serial,     ist  part.    No.  2879  A. 

Aqueduct. 

Repairs  to  the  Cher  River  Crossing  of 
the  Berry  Canal  (Reparation  du  Pont 
Canal  de  la  Tranchasse).  M.  Barrat.  Ke- 
port  on  repair  work  on  this  aqueduct  in 
France.  Ills.  11200  w.  Ann  d  Ponts  et 
Chaussees — 1908- VI.     No.  3317  E  -f-  F. 

Barrages. 

The  Isna  Barrage  Across  the  Nile.  II- 
lustra':ed  description  of  this  important 
irrigation  work  in  Egypt.  2500  w.  Sci 
Am — March  6,  1909.    No.  2970. 

Dams. 

A  Sketch  of  the  Recent  Development  of 
Movable  Dams.  Albert  B.  Cudebec.  Out- 
lines  the   important   types   giving   a   gen- 
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eral  idea  of  the  present  development. 
1500  w.  Cornell  Civ  Engr— March,  1909. 
No.  3201  C. 

The  Ohio  River  Dam  and  Lock  No. 
27,  Near  Cincinnati,  O.  Illustratea  ae- 
tailed  description  of  important  enginecrmg 
work  in  connection  with  the  improvement 
of  river  navigation.  5000  w.  Eng  News — 
March  4,  1909      No.  2996. 

Needle  Dam,  Pieasanton  Reck.rjiation 
Project,  California.  James  K.  James. 
Outlines  the  aims  of  this  project  and 
gives  an  illustrated  description  of  this 
movable  dam,  discussing  the  hydrostatic 
pressures  when  the  dam  is  full.  3500  w. 
Cal  Jour  of  Tech— Feb.,  1909.     No.  3501. 

The  Chuviscar  Dam  of  the  Chihuahua 
Water  Works.  A  concrete  dam,  faced 
with  dressed  stone,  to  impound  flood 
waters  as  a  reserve  for  water  supply. 
Describes  method  of  treating  a  cavern 
crossing  the  site  of  the  dam.  Ills.  2000 
w.    Eng  Rec— March  27,  1909.     No.  3539- 

The  Construction  of  Three  Reservoir 
Dams  in  the  Valley  of  the  Ondaine  (Note 
sur  la  Construction  de  trois  Barrages- 
Reservoirs  dans  la  Vallee  de  I'Ondaine). 
M.  Reuss.  The  structures  are  of  mason- 
ry, loooo  w.  Ann  des  Ponts  et  Chaus- 
s'ees — 1908-VI.     No.  3313  E  +  F. 

See  also  Soil  Testing,  under  Measure- 
ment. 
Ditches. 

Ditches.     Douglas   Waterman.     A   dis- 
cussion  of  the  most  economic   ditch   sec- 
tion.     Ills.      1500   w.      Min    &    Sci    Pr — 
March  6,  1909.     No.  3091. 
Filtration. 

The  Puech-Chabal  System  of  Filtration. 
Photographs  and  sectional  drawing  of  the 
plant  installed  at  Magdeburg,  with  de- 
scription of  the  system.  800  w.  Engng — 
Feb.  26,  1909.     No.  3065  A. 

Water  Filtration  at  Springfield,  Mass. 
An  illustrated  account  of  the  difficulties 
overcome  in  the  construction  and  opera- 
tion of  the  Ludlow  filters.  2500  w.  Munic 
Jour  &  Engr— March  17,  1909.     No.  3182. 

Fire  Protection. 

San  Francisco's  Fire  Service.  David 
Paul.  Describes  a  new  and  efficient  ser- 
vice to  be  installed  at  an  expense  esti- 
mated at  $5,250,000.  2200  w.  Sci  Am 
Sup— March  26,   1909.     No.  3580. 

Irrigation. 

The  Relations  of  Irrigation  to  Naviga- 
tion. F.  W.  Hanna.  Considers  that  the 
irrigation  canals  in  arid  regions  are  not 
likely  to  ever  be  used  for  navigation,  but 
points  out  their  beneficial  influence  by 
increasing  production  of  agricultural  pro- 
ducts, preventing  floods,  etc.  1200  w. 
Eng  News— March  25,  1909.     No    3491. 

Nile  Reservoirs  and  the  Cotton  Crop. 
Sir    William    Willcocks.      Describes    the 


reservoirs  on  the  White  Nile  and  discusses 
their  best  utilization  for  the  advantage  of 
Egypt  and  the  Sudan.  7000  w.  Pub 
Works— Oct-Dec,  1908.     No.  3592  B. 

Irrigation  in  the  South-Western  Dis- 
tricts of  the  Transvaal.  Harben  Robert 
Young.  Describes  some  irrigation  prob- 
lems and  the  principal  irrigation  surveys 
in  the  south-western  districts,  not  includ- 
ing the  Vaal  River.  Ills.  4000  w.  Pub 
Works— Oct.-Dec,  1908.  No.  3590  B. 
Magdeburg. 

The  Elbe  Water  of  Magdeburg.  Infor- 
mation from  a  recent  paper  by  Dr.  Otto 
Pfeiffer,  before  the  Verein  Deutscher  In- 
genieure,  concerning  the  conditions, 
sources  of  contamination,  etc.  2500  w. 
Engng — Feb.  19,  1909.     No.  2896  A. 

New  York  State. 

The  Water  Supplies  of  New  York 
State.  H.  D.  Pease.  A  discussion  of  the 
aspects  of  the  subject  as  related  to  the 
work  of  the  State  Board  of  Health.  Gen- 
eral discussion.  6500  w.  Jour  N  Eng  W- 
Wks  Assn — March,   1909.     No.  3633  F. 

Paris. 

The  Water  Supply  of  Paris.  Notes  from, 
a  pamphlet  by  Easton  Devonshire,  de- 
scribing the  complex  system.  4000  w.  Eng 
Rec — Feb.  27,  1909.     No.  2847. 

Pipe  Lines. 

The  Pipe  Line  and  Purification  Works 
and  Experiments  of  the  Baltimore  County 
Water  &  Electric  Co.,  Maryland.  A.  E. 
Walden.  An  illustrated  description  of 
improviiments,  tests,  etc.  4000  w.  Eng 
News — March   18,   1909.     No.   3239. 

Pipes. 

Wrought-Iron  Cement-Lined  Water 
Pipe.  Leonard  Metcalf.  A  summary  of 
acquired  data  with  illustrated  description 
of  methods  of  manufacture  and  discus- 
sion of  merits  and  demerits.  General  dis- 
cussion. 30500  w.  Jour  N  Eng  W-Wks 
Assn — March,  1909.     No.  3632  F. 

Port  Elizabeth. 

I.  Survey  for  Port  Elizabeth  Water - 
Supply.  Charles  Dimond  Horatio  Braine. 
11,  Port  Elizabeth  Water-Supply.  William 
Ingham.  Two  illustrated  papers  giving  a 
history  and  description  of  the  water 
works.  9500  w.  Inst  of  Civ  Engrs — No. 
3747  &  No.  3756.  No.  3203  N. 
Purification. 

The  Forbes  Water-Sterilizer.  Draw- 
ings and  description.  1600  w.  Engng — 
March  5,  1909.    No.  3173  A. 

Poughkeepsie  Purification  Plant.  Rob- 
ert J.  Harding.  Drawing  and  description. 
1200  w.  Cornell  Civ  Engr — March,  1909. 
No.  3198  C. 

The  Purification  of  Portable  Waters  by 
Ozone   (La   Sterilisation  par  I'Ozone  des 
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Kanx  potables  et  les  Clarificateurs  avec 
Dc'srossissenrs  biologiques).  M.  1-. 
Borne.  Describes  experiences  in  France. 
Ills.  7000  w.  Mem  Soc  Tnj?  Civ  do 
I'Yance — Dec,   1908.     No.   3300  G. 

Sec     also     Pipe    Lines,     under    Watk!< 
Supply. 
Salt  Lake  City. 

Water  Supply  of  Salt  Lake  City.  Ab- 
stracts of  descriptions  of  the  various 
sources  of  supply,  particularly  of  the  ,J?rav- 
ity  supply,  from  a  report  of  Louis  C.  Kel- 
scy,  city  engineer.  Ills.  2500  w.  Munic 
Kngng — March,  1909.     No.  2929  C. 

Tanks. 

The  Design  of  Elevated  Tanks  and 
Stand-Pipes.  C.  W.  Rirch-Nord.  Sub- 
mits specilications  for  the  approval  of 
engineers.  1500  w.  Pro  Am  Soc  of  Civ 
I'jigrs — March.   T009.     No.  3496  E. 

Water  Towers. 

See  Tanks,  under  Water  Supply. 

WATERWAYS   AND   HARBORS. 

Caissons. 

See  same  title,   under   Construction. 
Canals. 

Plans  of  Bavaria  and  Wiirttemberg  for 
a  Canal  to  Join  the  Rhine  and  the  Danube 
(Die  bayerischen  und  wurttembergischcn 
Canalplane  fiir  Donau-Rhein-Verbindung- 
cn).  Herr  Steller.  A  brief  review.  Ills. 
36(X)  w.  Zeitschr  d  Ver  Dcutschcr  Ing — 
Feb.  13,  1909.     No.  3565  D. 

See  also  Aqueducts,  under  Water 
Supply. 

Chicago. 

Report  of  the  Chicago  Harbor  Com- 
mission. Extracts  covering  important 
points  of  the  recent  exhaustive  report- 
concerning  harbor  facilities  in  the  lake 
and  river  at  Chicago.  4000  w.  Ry  & 
luigng  Rev — March  20,  1909.     No.  3295. 

Costa  Rica. 

See  same  title,  under  RAILWAY  EN- 
GINEERING, Miscellany. 
Diving. 

Submarine  Experiments  of  the  Past. 
Franz  M.  Feldhaus.  Illustrates  and  de- 
scribes early  devices  to  enable  men  to 
work  under  the  water.  1500  w.  Sci  Am 
Sup — March  20,  1909.  No.  3581. 
Docks. 

The  Key  Harbor  Ore  Docks  of  the 
Canadian  Northern  Railway.  E.  W.  Oli- 
ver. Illustrates  and  describes  the  ore 
dock,  a  conveyor  trestle  and  an  unload- 
ing trestle.  1200  w.  Eng  Rec — March 
20,  1909.     No.  3275. 

Iron  Ore  Docks  at  Aguilas,  Spain.  Gus- 
tave  Gillman.  From  a  paper  before  the 
Inst,  of  Civ.  Engrs.,  London.     Illustrates 


and  describes  steel  docks  resting  on  con- 
crete blocks.  2000  w.  Ir  Age — March 
25,  1900.     No.  3483. 

Dredges. 

The  New  Jomini  River  Drc'ge  (Nou- 
vclle  Drague  de  Riviere  Systeme  N. 
Jomini).  M.  Lidy.  Description  of  a 
screw  device  for  levelling  river  bottoms, 
which  is  turned  by  the  force  of  the  cur- 
rent. Ills.  2500  w.  Ann  d  Ponts  et 
Chaussees — T908-VI.     No.  3318  E  -f  F. 

Dredging. 

Dredging  and  the  Removal  of  Subma- 
rine Rock  at  Malta.  (Abridged.)  Ar- 
thur Langtry  Bell.  Describes  the  rocK 
breaking  appliances,  dredging  craft,  etc., 
used  in  deepening  and  extending  the 
berthing  area  for  warships.  Ills.  4500  w. 
Inst  of  Civ  Engrs— No.  3762.    No.  3206  N. 

Dry  Docks. 

The  Dry  Dock.  T.  M.  Brown.  Re- 
views the  history  of  their  development, 
and  gives  information  of  interest.  4000  w. 
Marine  Rev — March   it,   1909.     No.  3122. 

Frankfort-on-Main. 

The  Harbor  Works  of  Frankfort-on- 
the-Main.  Detailed  description  of  the 
completed  and  proposed  works.  2500  w. 
Pub  Works— Oct.-Dec,  1908.     No.  3595  B. 

Georgian  Bay  Canal. 

Canadian  Routes  for  Deep  Waterways 
to  the  Atlantic.  Brief  discussion  of  the 
St.  Lawrence  route  as  compared  with  the 
Georgian  Bay  project.  1200  w.  Eng  News 
— March  4,  1909.     No.  2998. 

Lake  Ontario. 

Currents  and  Shore  Processes  in  Lake 
Ontario.  Alfred  W.  G.  Wilson.  Special 
reference  to  Toronto  harbor.  4500  w. 
Can  Engr — March  26,  1909.     No.  3535. 

Lighthouses. 

The  One  Fathom  Bank,  Ferro-Con- 
Crete  Lighthouse,  Straits  Settlements. 
Alexander  Murray,  in  Colonial  Office 
Journal.  Illustrated  description  of  a 
structure  in  the  Straits  of  Malacca.  1800 
w.    Cement  Age — March,  1909.    No.  3450. 

Automatic  Flash-Light  Acetylene  Lamp 
for  Lighthouses  (Lampe  a  Acetylene  a 
Allumage  et  a  Extinction  automatiques 
pour  Feux  a  Eclats).  Emil  Smith.  Il- 
lustrated detailed  description.  1800  w. 
Genie  Civil — Feb.  13,  1909.     No.  3342  D. 

Locks. 

A  Movable  Lock  for  Inclined  Canals.  H. 
Prime  Kieffer.  Illustrated  description  of 
a  self-propelled  canal-lock,  invented  by 
Giuseppe  Bartolomei.  1200  w.  Sci  Am — 
March  6,  1909.    No.  2968. 

See  also  Dams,  under  Water  Supply,- 
and  Cranes,  under  MECHANICAL 
ENGINEERING,  Transporting  and 
Conveying. 


We  supply  copies  of  these  articles.    See  page  319. 
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Mississippi  River. 

Improvement  of  the  Upper  Mississippi 
River.  C.  McD.  Townsend.  The  stretch 
of  river  from  St.  Paul  to  Prescott  is  de- 
scribed to  show  the  method  adopted,  and 
such  other  parts  as  ilhistrate  some  varia- 
tion from  the  general  method.  Ills.  Dis- 
cussion. 18000  w.  Jour  W  Soc  of  Engrs 
— Feb.,  1909.  No.  3298  D. 
Ohio  River.  , 

Sec  Dams,  under  Water  Supply. 
Panama  Canal. 

The  Isthmian  Canal.  Lieut. -Col.  George 
W.  Goethals.  From  a  paper  read  before 
the  Mfrs.  Assn.  of  Chicago.  Explains 
changes  made  in  the  original  project  for  a 
lock-canal,  describing  conditions  and  the 
progress  of  the  work  and  defending  the 
type  adopted.  4000  w.  Eng  News — 
March  18,  1909.     No.  3245. 

Report  of  Board  of  Inspecting  Engi- 
neers on  the  Panama  Canal.  Report  and 
editorial.  6500  w.  Eng  Rec — Feb.  27, 
1909.     No.  2854. 

Some  Further  Evidence  Respecting  the 
Best  Type  of  Canal  for  Panama.  Pre- 
sents some  of  the  evidence  which  supports 
the  lock  canal  plan.  Ills.  3500  w.  Eng 
News — March   4,    1909.     No.   2999. 

Superiority  of  Lock  to  Sea-Level  Canal. 
Gives  comparative  diagrams  showing  the 
physical  characteristics  of  the  two  types 
of  canal,  the  quantities,  costs,  etc.  1600 
w.     Sci  Am — March  27,  1909.     No.  3521. 

The   Panama   Canal.     Editorial   on  ^he 
agitation    in    regard    to  the   lock-type  of 
canal.     1800  w.     Engng — March  19,  1909. 
No.  3621  A. 
River  Regulation. 

The  Hydrological  Importance  of  For- 
ests (Die  hydrologische  Bedeutung  des 
Waldes).  Discusses  forests  in  their  re- 
lation to  the  control  and  conservation  of 
surface  waters.  3300  w.  Oest  Wochenschr 
f  d  Oeffent  Baudienst — Feb.  27,  1909. 
No.  3551  D. 


Rock  Removal. 

The  Removal  of  Submarine  Rock.  Har- 
old Berridge.  Deals  with  the  survey,  dis- 
integration and  removal  of  debris.  6500 
w.  Inst  of  Civ  Engrs.  No.  3767.  No. 
3207  N. 

See  also  Dredging,  under  Waterways 
AND  Harbors. 

Shore  Protection. 

Caving    Banks.      B.    M.    Harrod.      Ex- 
plains the  causes  of  caving  and  methods      i 
of  bank  protection.     2000  w.     Jour  Assn      ■ 
of  Engng  Socs — Jan.,  1909.     No.  3225  C. 

Method  and  Cost  of  Constructing  Flex- 
ible Revetment  for  River  Bank  Protection. 
Description  and  cost  of  a  type  of  revet- 
ment used  in  California.  1400  w.  Engng- 
Con — March  24,   1909.     No.  3514. 

Toronto. 

See  Lake  Ontario,  under  Waterways 
AND  Harbors. 

Water  Hyacinth. 

The  Water  Hyacinth  Problem.  John 
Klorer.  An  account  of  its  introduction 
into  the  United  States  in  1884,  and  the 
necessity  of  checking  its  growth  or  re- 
moving it  from  streams,  with  some  of 
the  methods.  Ills.  2500  w.  Jour  Assn  of 
Engng  Socs — Jan.,  1909.     No.  3226  C. 

Water  Powers. 

A  Review  of  the  Water-Powers  ot  Ala- 
bama, Chiefly  Undeveloped.  S.  Mays 
Ball.  A  statement  based  on  reports  made 
by  the  U.  S.  Geol.  Survey  and  the  Geol. 
Survey  of  Alabama.  4500  w.  Elec  Rev, 
N  Y — March  20,  1909.    No.  3266. 

The  Utilization  of  the  Water  Powers 
of  Germany  (Deutschlands  Wasserkrafte 
und  ihre  technische  Auswertung).  Rich- 
ard Hennig.  A  discussion  of  the  power 
resources,  their  economic  importance,  and 
the  principles  on  which  they  should  be 
utilized.  Serial,  ist  part.  3000  w.  Die 
Turbine — Feb.  20,  1909.     No.  3Z77T>. 


ELECTRICAL  ENGINEERING 


COMMUNICATION. 

Radiotelegraphy. 

Theory  of  the  Horizontal  Transmitting 
Antenna.  Alfredo  Montel.  Abstract  from 
La  Lumiere  Electrique.  Presents  a  simple 
method  of  treating  the  problem  of  this 
antenna  mathematically.  600  w.  Elect'n, 
Lond — Feb.  19,  1909.    No.  2878  A. 

The  Composition  of  Electromagnetic 
Fields  and  Waves  (Sulla  Composizione 
dei  Campi  e  delle  Onde  elettromagnet- 
iche).  A.  Artom.  A  discussion  of  the 
author's    system    of    wireless    telegraphy. 


We  supply  copies  of  these  articles.    See  page  319. 


Ills.    Serial,  ist  part.    2000  w.    Elettricita 
— Feb.  II,  1909.    No.  3349  D. 

Radio-telephony. 

The  Majorana  System  of  Wireless  Tele- 
phony. Information  concerning  the  sys- 
tem and  some  tests  made  in  Italy,  Elec 
Engng— Feb.  25,  1909.     No.  3049  A. 

Telegraph  Lines. 

The  Construction  of  Overhead  Lines  in 
France  (Construction  des  Lignes  electri- 
ques  aericnnes).  Describes  in  detail  the 
latest   practice   in   transmission   and   tele- 
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crrapli  line  const nictinn  in  France.  Ills. 
Serial,  ist  part.  1600  w.  L'Elecn — Feb. 
20,  1909.    No.  3332  D. 

Telegraphy. 

The  Kotyra  Keyboard  Perforator  for 
Wlicatstone  Automatic  Working.  Illus- 
trated description  of  this  improved  ma- 
chine and  its  operation,  tooo  w.  Flee 
Rev,  Lond — March   19,  T909.    No.  3602  A. 

Telephone  Cables. 

The  Capacity  of  Paper  Condensers  and 
Telephone  Cables.  With  a  Note  on  the 
Determination  of  the  Specific  Inductive 
Capacity  of  Dielectrics.  A.  Zelenny  and 
A.  P.  Andrews.  Abstracted  from  Physical 
Rev.  700  w.  Elect'n,  Lond — March  12, 
T909.   No.  3406  A. 

Telephony. 

The  Automatic  Svstcm  of  Telephony. 
W.  Tee  Campbell.  An  illustrated  discus- 
sion of  the  Strowger  system.  5500  w. 
Jour  Fr  Inst — March,  1909.     No.  3249  D. 

Some  Applications  of  the  "Domophone" 
('Quelques  Applications  du  Domophone). 
,T.  A.  Montpellier.  Describes  this  micro- 
■  uhone.  its  installation  and  use  in  private 
telephone  installations.  Ills.  2500  \v. 
L'Elecn — Feb.  27,  1909.  No.  3333  D. 
DISTRIBUTION. 

Chemical  Works. 

Electrical  Equipment  of  the  Bcrq^enport 
Chemical  Works.  Warren  H.  Miller.  De- 
scription of  a  plant  of  interest  because  of 
the  size  of  the  installation  units,  and  the 
acid  corrosive  problems.  2500  w.  Flee 
Wld— Feb.  25.  T909.    No.  2872. 

Circuit  Breakers. 

Trip  Coils  for  Alternating  Current  Au- 
tomatic Circuit  Breakers.  C.  C.  Garrard. 
Gives  experimental  results,  considering 
whether  it  is  not  desirable  to  work  en- 
tirely with  a.  c.  coils.  1500  w.  Elect'n, 
Lond— Feb.  19,  1909.     No.  2877  A. 

Insulation. 

The  Linseed  Oil  Fallacy.  Gives  facts 
showing  that  its  oxidation  unfits  for  elec- 
trical uses.  1000  w.  Elec  Rev,  Lond — 
March  5,  1909.     No.  3150  A. 

See  also  Wiring,  under  Distribution. 
Switches. 

Oil  Switches  and  Oil  Circuit  Breakers. 
William  B.  Kouwenhoven.  Illustrated  de- 
tailed description,  explaining  methods  of 
operating.  2500  w.  Ry  &  Loc  Engng — 
March,  1909.    No.  2941  C. 

Wiring.  ' 

Utilization  of  Electrical  Energy.  Gives 
general  rules  adopted  for  wiring  in  Vic- 
toria. 2500  w.  Aust  Min  Stand^ — Jan.  20, 
1909.    Serial,  ist  part.    No.  3045  B. 

Insulation  and  Wiring.  W.  H.  F.  Mur- 
doch. A  criticism  of  some  of  the  required 
tests  in  the  revised  regulations  of  the 
Inst,  of  Elec.  Engrs.  800  w.  Elec  Rev, 
Lond — Feb."  26,  1909.   No.  3052  A. 


DYNAMOS   AND   MOTORS. 

D.  C.  Motons. 

Regulating  and  Braking  Resistances  fr.r 
D.  C.  Motors  CErmiltlung  der  Rcgulier- 
und  Bremswiderstandc  fiir  Gleichstrom- 
motorcn).  Tlermann  Zipp.  Matnematical 
and  theoretical.  .Serial,  ist  part.  Electro- 
tech  Rundschau — Feb.  3,  r909.  No.  3554  D. 
See  also  Electric  Power,  under  MIN- 
ING AND  METALLURGY,  Mining. 

Induction  Motors. 

A  New  Method  for  Regulating  the 
Speed  of  Induction  Motors,  and  Its  Appli- 
cations. C.  Kramer.  Abstract  translation 
from  Elek.  Zeit.  Describes  a  method 
where  energy  is  taken  from  the  rotor  and 
supplied  to  the  axis  of  the  asynchronous 
machine  as  mechanical  energy.  1500  w. 
Elect'n,  Lond — March  5,  1909.  No.  3152  A. 

See  also  Starting,  under  Dynamos  and 
Motors. 
Rheostats. 

Rheostats  for  Shunt  Electrical  Machines 
(Reostatos  para  Maquinas  shunt.)  Ricar- 
(\o  Caro.  A  mathematical  discussion.  Se- 
rial, 1st  part.  3000  w.  Energia  Electrica 
— Feb.  10,  1909.  No.  3347  D. 
Starting. 

A  Comparison  of  the  Methods  of  Start- 
ing Squirrel-Cage  Induction  Motors.  Sel- 
by  Haar.  Analyzes  the  performance  when 
started  at  lowered  voltage  obtained  respec- 
tively by  means  of  auto-transformers  and 
of  rheostats  in  the  primary  circuits.  Also 
letter  by  Dr.  C.  P.  Steinmetz.  1500  w.  Elec 
Wld— March  11,  1909.     No.  3086. 

Auto-Transformers  versus  Rheostats 
for  Induction  Motor  Starters.  I.  E.  Hans- 
sen.  Discusses  some  of  the  advantages 
and  disadvantages  of  the  two  tvpes.  1700 
w.    Elec  Wld— Feb.  25.  1909.    No.  2870. 

See  also  Rheostats,  under  Dynamos 
AND  Motors. 

ELECTRO-CHEMISTRY. 

Calcium  Carbide. 

The  Manufacture  of  Calcium  Carbide 
(Le  Carbure  de  Calcium,  Etat  actucl  de  la 
Fabrication).  M.  Pitaval.  A  historical  re- 
sume, with  a  review  of  the  latest  methods 
and  apparatus.  Ills.  4800  w.  Genie  Civil 
— Feb.  6.  1909.    No.  3339  D. 

Practical  Considerations  on  the  Modern 
Electric  Furnace  for  the  Manufacture  of 
Calcium  Carbide  (Considerazioni  pratiche 
sui  Forni  elettrici  moderni  per  la  Fab- 
bricazione  del  Carburo  di  Calcio).  Arturo 
Pavloni.  Serial,  ist  part.  1600  w.  Elet- 
tricita— Feb.  11,  1909.  No.  3348  D. 
Cleaning  Baths. 

Electric  Cleaner  for  Use  with  Low 
Voltage  Current.  Describes  its  use  for 
cleaning  iron  or 'steel  to  be  plated.  1800 
w.    Brass  Wld— March,  1909.    No.  3444. 


We  supply  copies  of  these  articles.    Sec  page  319. 
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Corrosion. 

Experiments  on  the  Corrosion  of  Steel 
in  Contact  with  Bronze  in  Sea-Water. 
Edward  C.  Sherman.  A  report  of  experi- 
ments made  in  connection  with  the  work 
on  the  Charles  River  dam,  at  Boston, 
showing  the  protection  afforded  by  a 
proper  nse  of  zinc.  Also  a  study  of  the 
corrosion  of  submerged  steel  in  contact 
with  other  metals.  1800  w.  Enr:  News — 
March  18,  1909.    No.  3242. 

Corrosion  of  Iron  and  Steel.  Edward 
Crowe.  Abstract  of  a  paper  and  discus- 
sion before  the  Cleveland  Inst,  of  Engrs. 
Investigates  some  of  the  conditions  under 
which  relative  rates  of  corrosion  take 
place,  suggesting  protective  methods.  2500 
w.  Ir  &  Coal  Trds  Rev— March  5,  1909. 
No.  3179  A. 

Detinning. 

The  Detinning  Industry.  Briefly  con- 
siders electrolytic  detinning,  chlorine  de- 
tinning, and  detinning  of  old  cans.  Ills. 
2200  w.  Ir  &  Coal  Trds  Rev — March  19, 
1909.    No.  3628  A. 

Electro-Metallurgy. 

Reduction  of  Refractory  Oxides,  Pro- 
duction of  Ferro-Alloys,  and  Formatio.i 
of  Carbides.  Gives  a  summary  of  results 
obtained  in  recent  researches  at  the  Univ. 
of  Manchester.  3,000  w.  Elec-Chem  & 
Met  Ind — March,  1909.     No.  2989  C. 

ELECTRO-PHYSICS. 
Alternating  Currents. 

Even  Harmonics  in  Alternating-Cunent 
Circuits.  Charles  P.  Steinmetz.  Shows 
that  it  is  incorrect  to  assume  that  even 
harmonics  are  never  present,  citing  exam- 
ples. 700  w.  Elec  Wld — March  25,  1909. 
No.  3513.^ 

The  Dielectric  Strength  of  Compressed 
Air.  E.  A.  Watson.  Experimental  inves- 
tigations to  determine  the  manner  in 
which  the  dielectric  strength  of  air 
changes  when  compressed  to  pressures 
higher  than  atmospheric.  4500  w.  Inst  of 
Elec  Engrs — March,  1909.  No.  3283  N. 
Dielectric  Strength. 

See  also  title,  under  Measurement. 

Hysteresis. 

Dependence  of  Magnetic  Hysteresis 
Upon  Wave  Form.  Morton  G.  Lloyd.  De- 
scribes investigations  made,  the  appara- 
tus used,  and  states  the  conclusions.  7000 
w.  Bui  Bureau  of  Stand — Feb.,  1909.  No. 
3286  N. 

Magnetic  Properties. 

Researches  on  the  Magnetic  Properties 
of  a  Scries  of  Carbon  Tungsten  Steels.  T. 
Swindon.  Read  before  the  Leeds  Sec.  of 
the  Inst,  of  Elec.  Engrs.  Describes  a 
continuation  of  investigation  into  the 
properties  of  a  series  of  constant-tungsten 
increasing-carbon  steels.  2000  w'  Elect'n, 
Lond — March  T2,  1909.     No.  3404  A. 


Oscillations. 

The  Coefficient  of  Reflection  of  Electri 
cal  Waves  at  a  Transition  Point.  Louis 
Cohen.  Mathematical  development  of  ex- 
pressions for  the  ratios  of  the  reflected 
and  transmitted  waves  to  the  incoming 
waves  at  a  transition  point.  800  w.  Elec 
Wld— March  11,  1909.     No.  3085. 

GENERATING  STATIONS. 

Central  Stations. 

Features  of  Recent  Electric  Railway 
Power  Station  Design.  An  illustrated 
comparison  of  stations  built  in  the  last 
six  years,  showing  general  tendencies  of 
arrangement  and  equipment.  2000  w. 
Elec  Ry  Jour — March  27,  1909.     No.  3508. 

Bennings  Power  House  of  Potomac 
Electric  Co.  F.  L.  Johnson.  Illustrated 
description  of  a  station  in  the  District  ot 
Columbia,  which  furnishes  current  for 
lighting  and  power.  2500  w.  Power — 
March  30,  1909.     No.  3585. 

Building  and  Boiler  Plant  of  Waterside 
Station  No.  2  of  the  New  York  Edison 
Company.  Illustrated  detailed  descrip- 
tion of  the  building  and  its  equipment,  • 
with  a  comparison  with  Waterside  Sta- 
tion No.  I.  4000  w.  Elec  Wld — March 
4,  1909.     No.  2991. 

Main  and  Auxiliary  Steam  Equipment 
in  Waterside  Station  No.  2'  of  the  New 
York  Edison  Company.  Illustrated  de- 
scription of  the  feed-water  system,  high- 
pressure  steam  piping,  exhaust  and  drip 
piping,  and  oiling  system.  3500  w.  Elec 
Wld — March  11,  1909.     No.  3084. 

Leeds  Electricity  Undertaking.  Illus- 
trates and  describes  extensions  to  the 
lighting  station  for  power  supply  pur- 
poses. 2500  w.  Elect'n,  Lond — March  12. 
T909.     Serial,   ist  part.     No.  3405  A. 

See  also  Gas  Power  Plants,  under  ME- 
CHANICAL ENGINEERING,  Combus- 
tion Motors. 
Design. 

Power  House  Design  from  an  Insurance 
Viewpoint.  From  an  article  by  C.  B.  Mac- 
Kinney.  1500  w.  Eng  Rec — March  13, 
T909.     No.  3T09. 

See  also  Power  Plants,  under  ME- 
CHANICAL ENGINEERING.  Power 
AND  Transmission. 

Hydro-Electric. 

The  Cost  of  Installation  and  Operation 
of  Hydro-Electric  Plants  (Notes  sur  Ic 
Cout  d'Etablissement  et  d'Exploitation 
des  Usines  hydraulico-electriques).  J. 
Izart,  from  an  article  by  K.  Thielsch  in 
the  Zeitschrift  filr  das  gesamtc  Turbinen- 
wescn.  Ills.  Serial,  ist  part.  2000  w. 
L'Elecn — Feb.  6,   1909.     No.   z^?)^  D. 

The  M'Call's  Ferry  Hydro-Electric 
Power  Plant.  William  Allen.  Brief  illus- 
trated description  of  work  under  con- 
struction, costing  about  $10,000,000.  1500 
w.     Sci  Am — March   13,  1909.     No.  3132. 


We  supply  copies  of  these  articles.    Sec  page  319. 
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Work  on  the  McCall's  Ferry  Hydroelec- 
tric Development.  Henry  Hale.  An  il- 
lustrated acconnt  of  "this  large  plant  on 
the  Susquehanna  River.  2000  w.  Elec 
Rev,  N  Y— Feh.  27,  1909.     No.  2855. 

Hydroelectric  Plant  of  the  Schenectady 
Power  Company.  C.  T.  Wilkinson.  An 
illustrated  detailed  description  of  the 
Schaghticokc  development  on  the  Hoosic 
River.  3000  w.  Elec  Rev,  N  Y — March 
27,  1909.'   No.  3530. 

The  Hydro-Electric  Plant  of  the  Con- 
necticut River  Power  Company.  Illus- 
trated detailed  description  of  a  develop- 
ment to  furnish  power  for  cities  in  Massa- 
chusetts, New  Hampshire  and  Vermont, 
over  a  radius  of  60  miles.  3000  w.  Eng 
Rec — March  27,   1909.     No.  3536. 

Great  Falls,  Montana.  Brief  illustrated 
description  of  the  different  falls  and 
power  plants.  2000  w.  Mines  &  Min — 
March,  1909.     No.  2952  C. 

Hydraulic-Power  Development  on  the 
Pacific  Coast.  Frederic  A.  C.  Perrine. 
Explains  the  peculiar  climatic  and  meteor- 
ological conditions  affecting  power  devel- 
opment in  California.  3000  w.  Cassier's 
Mag — March,  1909.     No.  2925  B. 

The  Hydro-Electric  Developments  of 
the  Nevada-California  Power  Company. 
H.  D.  Chapman.  Illustrated  detailed  de- 
scription of  the  developments  in  Inyo 
County,  Cal.,  utilizing  the  waters  of  Bish- 
op Creek,  and  furnishing  power  for  Ne- 
vada mines.  2500  w.  Eng  Rec — March 
6,  1909.     No.  2971. 

Water  Power  Plants  in  Sweden  and 
Norway.  A  description  of  the  more  im- 
portant plants  completed  and  projected. 
Ills.  45,00  w.  Engng — March  12,  1909. 
Serial,     ist  part.    No.  3417  A. 

The  Montcherand  Hydro-Electric  Plant 
(L'Usine  hydro-electrique  de  Montcher- 
and). P.  Schmetz  and  V.  Abrezol.  Illus- 
trated detailed  description  of  a  4,000 
horse  power  plant.  Serial,  ist  part.  1000 
w.  Bui  Tech  d  1  Suisse  Romande — Feb. 
25,  1909.  No.  3335  D. 
Isolated  Plants. 

Central  Stations  versus  Private  Plants. 
Editorial  discussion  of  how  to  decide  as 
to  which  is  the  m^ore  economical  system  in 
any  given  case,  referring  to  data  given  in 
a  recent  paper  before  the  Inst,  of  Elec. 
Engrs.  3000  w.  Engng — Feb.  26,  1909. 
No.  3068  A. 

The  Electrical  Equipment  of  Messrs. 
Selfridge  &  Co.'s  New  Building  in  Oxford 
Street,  London.  Illustrated  description  of 
the  details  for  electric  lighting  and  power 
in  a  modern  department  store.  5500  w. 
Elect'n,  Lond — March  5,  1909.  No.  3153  A. 
Operation. 

Flywheel  Load  Equalizer.  J.  S.  Peck. 
Abstract  of  a  paper  read  before  the  Man- 
chester Sec.  of  the  Inst,  of  Elec.  Engrs. 


Discusses  the  use  of  flywheels  as  equal- 
izers of  the  load  on  generating  stations, 
and  describes  arrangements  for  d.  c.  and 
a.  c.  circuits.  2000  w.  Elect'n,  Lond — 
Feb.  26,  1909.     No.  3053  A. 

Rates. 

Systems  of  Charging  for  Electrical  En- 
ergy. W.  T.  Ryan.  A  comparison  of 
nine  principal  methods.  3500  w.  Engi- 
neering Magazine — April,  1909.  No.  3525  B. 

Supply  by  Meter,  or  Contract?  W.  A. 
Toppin.  Discusses  the  two  systems  and 
the  prevention  of  fraud.  1200  w.  Elec 
Rev,  Lond — March  5,  1909.     No.  3149  A. 

Switchboards. 

Notes  on  Switchboard  Instruments.  H. 
W.  Richardson.  Remarks  on  inspection, 
testing,  hot  wire  instruments,  etc.  4000  w.- 
Elec  Age — March,  1909.     No.  3217. 

Guide  to  Small  Station  Switchboard  De- 
sign. General  instructions  and  sugges- 
tions to  station  managers  for  laying  out 
switchboards  for  small  alternating  and  di- 
rect current  plants.  Diagrams.  3000  w. 
Power — March  9,  1909.    No.  3038. 

High-Tension  Equipment  and  Control 
of  Waterside  Station  No.  2  of  the  New 
York  Edison  Company.  Illustrated  de- 
tailed description  of  the  high-tension 
control  board.  1600  w.  Elec  Wld — March 
25,  1909.     No.  3510. 

LIGHTING. 

Illumination. 

The  Province  of  the  Illuminating  Engi- 
neer. Leon  Gaster.  Considers  som^e  of 
the  more  important  problems  in  artificial 
lighting.  4500  w.  Pub  Works — Oct.-Dec, 
1908.    No.  3591  B. 

The  Problem  of  Efficiency  in  Illumina- 
tion. Arthur  J.  Sweet.  "Considers  the 
conditions  on  which  it  depends.  3500  w. 
Elec  Jour — March,  1909.     No.  3202. 

The  Bearing  of  Modern  Illumination 
Upon  Physiological  Optics.  Sydney  A. 
Ashe.  A  discussion  of  some  of  the  re- 
lations of  illumination  to  vision,  particu- 
larly the  relation  of  light-quality  to  visual 
acuity.  Also  editorial.  4000  w.  Elec  Wld 
— Feb.  25,  1909.     No.  2871. 

Incandescent  Lamps. 

Series  Tungsten  Lighting.  Henry 
Schroeder.  Abstract  of  a  paper  before 
the  N.-W.  Elec.  Assn.  Explains  the  ad- 
vantages of  tungsten  lamps.  iSoo  w.  Elec 
Rev,  N  Y — Feb.  27,  1909.     No.  2856. 

Radiation  Constants  of  Metals.  W.  W. 
Coblentz.  An  investigation  made  to  ob- 
tain some  estimate  of  the  cmissivity  of  in- 
candescent metal  filaments.  IT500  w.  Bui 
Bureau  of  Stand — Feb.,  1909.    No.  3285  N. 

Results   of   Tests   on    Metallic-Filament 
Lamps  at  the  Laboratoire  Central  d'Elec 
tricite     (Resultats    d'Essais    effectues    au 
Laboratoire    central    d'Electricite    sur    Ics 
Lampes  a  Filament  metallique).     F    La- 
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porte.  Results  of  various  tests  on  nine 
types  of  metallic-filament  lamp  in  use  in 
Paris.  Ills.  5200  w.  Bui  Soc  Int  d' 
Elecns— Feb.,  1909.     No.  3305  F. 

The  Actual  Status  of  Metallic  Filament 
Lamps  (Etat  actuel  des  Lampes  a  In- 
candescence a  Filaments  metalliques).  A. 
Blondel.  Reviews  their  history,  the  diffi- 
culties of  their  manufacture,  their  prop- 
erties and  the  results  obtained  from  their 
use.  Ills.  10800  w.  Bui  Soc  Int  d'Elecns 
—Feb.,  1909.    No.  3304  F. 

Photometry. 

See  Meters,   under  Measurement. 

Street. 

Some  Principles  of  Street  Illumination. 
Dr.  Louis  Bell.    2500  w.     Elec  Rev,  N  Y 
—March  13,  1909-     No.  3129. 
MEASUREMENT. 

Dynamo  Testing. 

The  Kapp-Hopkinson  Test  on  a  Single 
Direct-Current  Machine.  Dr.  W.  Lulofs. 
Read  before  the  Birmingham  Sec.  of  the 
Inst,  of  Elec.  Engrs.  Shows  how  this 
test  may  be  adapted  on  a  single  lap- 
wound  d.  c.  machine,  provided  it  is  not 
supplied  with  Mordey  equalizing  connec- 
tions. 3000  w.  Elec  Engr,  Lond — Feb.  26, 
1909.    Serial,    ist  part.    No.  3050  A. 

Hysteresis. 

Errors  in  Magnetic  Testing  with  Ring 
Specimens.  Morton  G.  Lloyd.  The  meth- 
ods of  determining  the  hysteresis  of  a 
ring  specimen  are  considered  and  the  en- 
ergy losses  calculated.  2500  w.  Bui  Bu- 
reau of  Stand— Feb.,  1909.    No.  3288  N. 

Inductance. 

A  Simple  Means  of  Measuring  Induct- 
ances. C.  J.  Watson.  Describes  appa- 
ratus consisting  of  a  kind  of  Wheatstone 
bridge  in  which  two  inductances  are 
balanced  against  two  capacities.  1000  w. 
Elect'n,  Lond— March  5,  1909.  No.  3154  A. 

Instruments. 

Electrical  Measuring  Instruments  and 
Some  of  Their  Weaknesses.  Kenelm 
Edgcumbe.  Discusses  points  to  be  con- 
sidered in  selecting  an  instrument,  the 
question  of  accuracy,  etc,  5500  w.  Pub 
Works— Oct.-Dec,   1908.     No.  3593  B. 

See  also  Switchboards,  under  Gener- 
ating Stations. 

Meters. 

A  Volt  Scale  for  a  Watts -Per-Candle 
Meter.  Herbert  E.  Ives.  Describes  a 
method  of  applying  a  direct-reading  scale 
to  a  specific  consumption  photometer.  1500 
w.    Elec  Wld — March  25,  1909.    No.  3512. 

Stray  Flux. 

The  Determination  of  Stray  Flux  in 
Alternating-Current  Windings  (Beitrag 
zur  Bestimmung  der  Streuung  von  Wech- 
selstromwicklungen).  M.  Schenkel.  De- 
scribes and  discusses  mathematically  a 
method  of  measurement.     Ills.     5200  w. 


Elektrotech     u     Maschinenbau — Feb.     28, 
1909.     No.  3558  D. 

Units. 

Remarks  on  the  Systems  of  Units  (Re- 
marques  sur  les  Systemes  d'Unites).  D. 
Berthelot.  Principally  a  discussion  of  M. 
Brylinski's  paper.  7400  w.  Bui  Soc  Int 
d'Elecns — Feb.,  1909.     No.  3303  F. 

POWER  APPLICATIONS. 

Cranes. 

See  Crane  Trolleys,  under  MECHAN- 
ICAL ENGINEERING,  Transporting 
and  Conveying. 

TRANSMISSION. 

Direct  Current. 

Direct-Current  Transmission  on  the 
Thury  System  (La  Trasmissione  dell' 
Energia  elettrica  col  Sistema  Thury  a 
Corrente  continua).  Salvatore  Spera. 
Discusses  the  Thury  system  under  the 
heads,  cost,  economy  and  continuity  of 
service.  Serial,  ist  part.  4000  w.  In- 
dustria — Feb.  21,  1909.    No.  3353  D. 

High  Tension. 

Notes  on  Transmission  Practice  in  the 
Northwest.  Magnus  T.  Crawford.  Read 
at  meeting  of  the  Seattle  Sec.  of  the  Am. 
Inst,  of  Elec.  Engrs.  Describes  the  sys- 
tems of  high-tension  transmission  in  the 
Pacific  Northwest,  discussing  their  merits 
and  defects.  4500  w.  Pro  Am  Inst  of 
Elec  Engrs — March,  1909.    No.  3475  F. 

Insulators. 

An  Investigation  as  to  the  Cause  of 
Breakage  in  Service  of  Certain  High 
Tension  Glass  Insulators.  Albert  S.  Richey 
and  Frederick  Bonnet,  Jr.  Shows  the 
value  of  polarized  light  in  examining 
glass  insulators.  2500  w.  Jour  Worces- 
ter Poly  Inst— March,  1909.    No.  3448  C. 

Condenser  Type  of  Insulation  for  High- 
Tension  Terminals.  A.  B.  Reynders.  Ex- 
plains the  difficulties  of  this  problem,  and 
describes  the  mechanical  design  of  this 
type  of  insulated  terminal,  explaining  the 
principles.  Ills.  2000  w.  Pro  Am  Inst 
of  Elec  Engrs — March,  1909.    No.  3478  F. 

Lightning. 

See  Atmospheric  Electricity,  under  Mis- 
cellany. 

Lightning  Arresters. 

See      Signalling,      under      RAILWAY 
ENGINEERING,     Conducting     Trans- 
portation 
Line  Construction. 

See  Telegraph  Lines,  under  Communi- 
cation. 

Line  Design. 

A  Quick  Method  for  Determining  Sags 
and  Tensions  in  Transmission  Lines.  H. 
J.  Glaubitz.  Describes  an  anal)i:ical 
method  which  is  quicker  than  the  graph- 
ical method  usually  employed.  1000  w. 
Elec  Wld — March  25,  1909.     No.  3511. 
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Extending  the  Limits  of  Power  Trans- 
mission— As  Applied  Both  to  Long  Dis- 
tance Transmission  of  Power  and  to 
Power  Companies'  areas.  A.  M.  Taylor. 
Read  before  the  Birmingham  Sec.  of  the 
Inst,  of  Elcc.  Engrs.  Suggests  possibili- 
ties in  the  way  of  commercial  develop- 
ments, considering  overhead  and  under- 
ground lines.  3000  w.  Elec  Engr,  Lond — 
March  12,  1909.     No.  3402  A. 

Protective  Devices. 

The  Protection  of  Low-Pressure  Cir- 
cuits. Gisbert  Kapp.  Abstract  trans, 
from  Elektrotechnische  Zeit.  Describes  a 
safety  device  which  can  be  adjusted  to 
switch  out  automatically.  1200  w.  Elect'n, 
London — March  19,  1909.     No.  3.603  A. 

The  Protection  of  Lines  Against  Surge 
Tensions  and  Atmospheric  Discharges. 
Discusses  means  of  effecting  a  complete 
protection  of  the  distribution  system. 
2500  w.  Elect'n,  Lond — Feb.  26,  1909. 
No.  3055  A. 

See  also  Transformers,   under  Trans- 
mission. 
Reactive  Coils. 

Air-Blast  Reactances.  R.  E.  Scott- 
Points  out  a  consideration  that  should  be 
taken  into  account  in  judging  the  size 
from  the  rating,  or  the  rating  from  the 
size.  Ills.  1000  w.  Harvard  Engng  Jour 
— Jan.,  1909.     No.  3195  D. 

Regulations. 

Transmission  Line  Railway  Crossings 
(Le  Norme  per  gli  Attraversamenti  delle 
Ferrovie  con  Condutture  elettriche).  Gives 
the  regulations  of  the  Italian  Railway  De- 
partment. Ills.  3000  w.  Ing  Ferro — 
Feb.  T,  1909.  No.  3354  D. 
Transformers. 

Transformation  Wrinkles.     H.  B.  Gear 


and  P.  F.  Williams.  Explains  various 
applications  of  the  booster,  and  devices 
useful  under  certain  conditions.  Dia- 
grams. 3500  w.  Elec  Age — March,  1909. 
No.  3216. 

High  Voltage  Transformers  and  Pro- 
tective and  Controlling  Apparatus  for 
Outdoor  Installation.  K.  C.  Randall.  Dis- 
cusses the  design  and  construction  of  out- 
door apparatus,  considering  the  applica- 
tion. Ills.  3000  w.  Pro  Am  Inst  of 
Elec  Engrs — March,  1909.     No.  3479  F. 

The  Design  of  Transformers  With 
Minimum  Cost  for  Materials  (Berechnung 
von  Transformatoren  auf  den  Mindestbe- 
trag  an  Kosten  des  wirksamen  Materials). 
J.  T.  Duyvis.  Mathematical  discussion 
of  the  Pohl  and  Bohle  method.  Ills.  3200 
w.  Elektrotech  u  Maschinenbau — Feb.  14, 
1909.     No.   3556  D. 

The  Distribution  of  Heat  in  an  Annu- 
lar Plate  (Die  Verteilung  der  Beharrungs- 
temperatur  in  einer  kreisringformigen 
Platte).  Fritz  Emde.  A  mathematical 
paper  in  amplification  of  the  article  by 
Karl  Kohler.  Ills.  3200  w.  Elektrotech 
u  Maschinenbau — Feb.  21,  1909.  No. 
3557  D. 
Voltage  Regulation. 

Discussion  on  "Conditions  Affecting 
Stability  in  Electric  Lighting  Circuits." 
New  York,  Jan.  8,  1909.  Gives  the  discus- 
sion on  Elihu  Thompson's  paper.  8000  w. 
Pro  Am  Inst  of  Elec  Engrs — March,  1909. 
No.  3480  F. 

The  Thury  Automatic  Regulator  (Regu- 
lateurs  automatiques  Systeme  R.  Thury). 
Describes  its  construction,  operation, 
regulation,  and  applications.  Ills.  3000  w. 
Bui  Tech  d  1  Suisse  Rom — Feb.  25,  1909. 
No.  3336  D. 


INDUSTRIAL  ECONOMY 


Accounting. 

Machine  Accounting  in  Machine-Tool 
Building.  Describes  the  use  of  the  tabu- 
lating machine  in  the  cost  accounting  de- 
partment of  the  Bul.lard  Machine  Tool 
Co.  2800  w.  Am  Mach — Vol.  z^-  No.  11. 
No.  3219. 

Inventory  Books  for  Real  Estate, 
Buildings,  Tools,  Patterns  and  Furniture 
(Inventarienbiicher  fiir  Grundstiicke,  Ge- 
baude,  Werkzeuge,  Modelle,  und  Mobil- 
iar).  CM.  Lewin.  Illustrates  and  de- 
scribes satisfactory  types.  Serial.  ist 
part.  2400  w.  Zeitschr  f  Werkzeug — 
Feb.  25,  1909.    No.  3386  D. 

Education. 

The  Practical  Training  of  Mechanical 
Engineers.  Franz  zur  Nedden.  A  com- 
parison   of    German,    English    and    Am- 


erican methods.  2500  w.  Engineering 
Magazine — April,    1909.      No.    3527    B. 

The  Scientific  Spirit  and  Education  (L' 
Esprit  scientifique  et  I'Enseignement). 
Paul  Appel.  Discusses  the  condition  of 
scientific  education  in  France.  3300  w. 
L'Elecn — Feb.  6,  1909.    No.  3331  D. 

The  Hammond  Mining  and  Metallur- 
gical Laboratory  of  the  SheflSeld  Scientific 
School,  Yale  University.  Louis  D.  Hun- 
toon.  Illustrated  detailed  description  of 
the  building  and  its  equipment.  4000  w. 
Bui  Am  Inst  of  Min  Engrs — March,  1909. 
No.  3468  F. 

Engineering. 

The  Place  of  the  Engineer  in  Public 
Life  (Die  Stellung  des  Ingenieurs  im  6f- 
fentlichen  Leben).  C.  Buschkiel.  A  dis- 
cussion  of  the   relations  of  the  engineer 
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with  the  public.    7000  w.    Zeitschr  d  Ver 
Deutscher  Ing— Feb.  20,  1909.  No.  3570  D. 

Engineering  Societies. 

The  Engineer  and  the  People.  Discus- 
sion of  Morris  L.  Cooke's  paper  on  this 
subject.  7800  w.  Jour  Am  Soc  of  Mech 
Engrs— March,  1909.     No.  3463  F. 

Filing  Systems. 

Card  Systems  in  Engineering  Works. 
Alfred  B.  Searle.  The  present  nulnber 
explains  the  object  of  card  systems.  1500 
w.  Mech  Wld — March  5,  1909.  Serial, 
ist  part.    No.  3157  A. 

Management. 

Some  Suggestions  of  Reform  in  Engi- 
neering Practice.  J.  E.  Livermore.  Sug- 
gestions for  improvement  in  manufactor- 
ies and  commerce.  5000  w.  Cassier's 
Mag — March,  1909.  Serial,  ist  part.  No. 
2926  B. 

See  also  Shops,  under  MECHANICAL 
ENGINEERING,  Machine  Works  and 
Foundries;  and  Management,  under 
RAILWAY  ENGINEERING,  Miscel- 
lany. 

Natural  Resources. 

The  New  Union  Among  the  States.  W, 
J.  McGee.  Discusses  the  movements  for 
the  conservation  of  the  natural  resources 
of  the  United  States,  and  the  interdepend- 
ence of  the  states  in  the  work.  3000  w. 
Am  Rev  of  Revs — March,  1909.  No. 
2917  C. 

The  North  American  Conference  on 
the  Conservation  of  Natural  Resources. 
Gives  the  "Declaration  of  Principles" 
adopted,  with  introductory  statement.  2500 
w.    Eng  News — March  4,  1909.    No.  3000. 


Patents. 

Making  Inventions  and  Getting  Patents. 
John  D.  Morgan.  A  statement  of  facts 
in  regard  to  the  patent  situation,  and  a 
discussion  of  improvements  needed.  1200 
w.  Ir  Trd  Rev — March  18,  1909.  Serial. 
1st  part.     No.  3233. 

A  Phase  of  the  Patent  Situation. 
James  T.  Barkelew.  Suggests  the  adop- 
tion of  a  system  of  taxation,  or  compul- 
sory working,  or  both,  to  correct  the  un- 
favorable conditions  now  existing.  2500 
w.  Elec  Wld — March  18,  1909.  No.  3227. 
Public  Utilities. 

Equitable  Rate-Making  by  PubHc  Ser- 
vice Companies.  Dugald  C.  Jackson. 
A  discussion  of  the  problems  of  appropri- 
ately fixing  rates,  and  the  test  of  their 
equitableness.  10500  w.  Tech  Qr — 
Dec,  1908.  No.  3439  E. 
Stores  Keeping. 

See    Management,    under    RAILWAY 
ENGINEERING,  Miscellany. 
Tariff. 

The  Payne  Tariff  Bill.  Text  of  the 
metal  schedule  of  the  tariff  bill  introduced 
in  the  House  of  Representatives,  March 
17,  1909.  6000  w.  Ir  Age — March  18, 
1909.     No.  3212. 

Iron  and  Steel  Duties  in  the  Payne 
Tariff  Bill.  Discusses  the  significance  of 
the  more  important  changes.  3000  w.  Ir 
Age — March  25,  1909.    No.  3484. 

Wage  Systems. 

The  Advantage  of  the  Bonus  System 
and  Suggestions  to  Contractors  Who 
Contemplate  Applying  It.  1200  w.  Engng- 
Con — March  17,  1909.     No.  3234. 


MARINE  AND  NAVAL  ENGINEERING 


Barges. 

Reinforced  Concrete  Barges  and  Pon- 
toons (Chalands  et  Pontons  en  Ciment 
arme).  E.  Lemaire.  Describes  boats  ot 
reinforced  concrete  built  on  the  Tiber. 
Ills.  3000  w.  Genie  Civil — Feb.  6,  1909. 
No.  3337  D. 
Battleships. 

Requisites  of  the  Battleship  Best  Adapt- 
ed to  the  Italian  Navy  and  Consideration 
of  Its  Tactical  Employment.  Romeo 
Bernotti.  Examines  the  desirable  and 
possible  requisites,  describing  the  type 
of  battleship  and  studying  its  employment. 
Ills.  2800  w.  Pro  U  S  Naval  Inst — 
March,  1909.     No.  3549  F. 

The  Launch  of  H.  M.  S.  "Vanguard." 
Illustrations  and  inform.ation  concerning 
this  vessel,  the  seventh  battleship  of  the 
Dreadnought  class.  2500  w.  Engng — 
Feb.  26,  1909.     No.  3069  A. 


British  Navy. 

The  Future  of  Naval  Engineering.  Edi- 
torial discussion  of  the  present  situation  in 
the  British  navy,  with  the  statement  of 
the  case  as  prepared  for  circulation  to 
Members  of  Parliament.  4000  w.  Engng 
— March  12,  1909.     No.  3419  A. 

The  Navy  Estimates.  A  review  of  the 
proposals,  with  editorial  review  of  the 
debate  in  Parliament.  6000  w.  Engng — 
March  19,  1909.     No.  3617  A. 

Destroyers. 

Torpedo-Boat-Destroyers  for  the  Bra- 
zilian Navy.  Plate  and  illustrated  detailed 
description  of  these  vessels.  2500  w. 
Engng — March  12,  1909.     No.  3418  A. 

Dockyard  Administration. 

Dockyard  Administration.  A  survey  of 
the  present  administrative  organization  of 
the  Royal  Dockyards.  2500  w.  Engr, 
Lond — Feb.  19,  1909.     No.  2899  A. 
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Electric  Power. 

The  Electrical  Equipment  of  Liners 
and  Battleships.  A.  P.  Chalkley.  Read 
before  the  Newcastle-on-Tyne  Sec.  of  the 
Inst,  of  Elec.  Engrs.  Discusses  the  sys- 
tems and  applications  made  of  electricity 
on  shipboard.  5500  w.  Elcc  Engr,  Lona 
— March  19,  1909.  No.  3601  A. 
Ferryboats. 

Steam  Car  Ferries  on  the  Great  North- 
western Lakes.  Illustrated  description  of 
recent  types.  3000  w.  Naut  Gaz — Feb. 
25,  1909.    No.  2865. 

Gas  Engines. 

Gas-Driven  Battleships  and  Cruisers. 
Reviews  what  has  been  done  in  applying 
producer-gas  engines  to  the  propulsion  oi 
warships,  and  the  advantages  of  gas  pow- 
er. Ills.  1500  w.  Sci  Am — March  13, 
1909.    No.  3131. 

See  also  Motor  Boats,  under  MARINE 
AND  NAVAL   ENGINEERING. 

Gasolene  Engines. 

See    Yachts,    under     MARINE    AND 
NAVAL  ENGINEERING. 
Hospital  Ships. 

Boston  Floating  Hospital.  Illustrated 
description  of  a  vessel  equipped  with  the 
indirect  system  of  refrigeration  and  venti- 
lation. 1200  w.  Ice  &  Refrig — March, 
1909.  No.  3022  C. 
Hydroplanes. 

"Hydroplanes"  or  "Skimmers."  Sir 
John  I.  Thornycroft.  Deals  with  boats 
which  at  high  speeds  are  heavier  than  the 
water  they  displace.  2200  w.  Engng — 
March  12,  1909.    No.  3421  A. 

The  Hydroplane  Ship.  From  Ship- 
ping Gazette.  Brief  account  of  early  ex- 
periments and  modern  developments.  1500 
w.    Marine  Rev — March  4,  1909.  No.  3009. 

Internal-Combustion  Engines. 

The  Propulsion  of  Ships  by  Internal- 
Combustion  Engines.  F.  DeKeyser,  in 
the  Ship  Builder.  An  illustrated  review 
of  what  has  been  accomplished.  2500  w. 
Marine  Rev — March  4,  1909.     No.  3010. 

Lifeboats. 

The  Strength  of  Wooden  Ship's  Boats 
(Festigkeit  holzerner  Schiffsbeiboote).  J. 
Stieghorst.  A  discussion  of  their  design 
for  strength  and  safety.  Ills.  Serial, 
ist  part.  4000  w.  Schiffbau — Feb.  10, 
1909.    No.  3374  D. 

Model  Basins. 

The  Value  of  the  Model  Experimental 
Basin  in  Ship  Designing.  Robert  G. 
Skerrett.  Considers  the  objects  of  a 
model  basin  and  gives  an  illustrated  de- 
scription of  the  work  at  the  testing  tank 
of  the  Washington  Navy  Yard.  6000  w. 
Cassier's  Mag — March,  1909.  No.  2924  B. 
Theory  of  the  Wellenkamp  Towing 
Method    (Theorie   des   Schleppverfahrens 


nach  Methode  Wellenkamp).  Herr  Rothe. 
A  comparison  with  the  Froude  method 
and  an  elaborate  mathematical  discussion. 
Ills.  Serial,  ist  part.  4200  w.  Schiffbau 
— Feb.  24,  1909.     No.  3376  D. 

Motor  Boats. 

The  Motor  Boat  Marenging.  Illus- 
trated description  of  a  boat  propelled  by 
a  producer  gas  plant,  being  built  at  St. 
Joseph,  Mich.  2000  w.  Int  Marine  Engng 
— March,   1909.     No.   3015  C. 

Propellers. 

The  Villinger  Reversible  Propeller.  Il- 
lustrated description  of  a  design  that  ap- 
pears to  be  a  practical  success.  1200  w. 
Engng — Feb.  26,  1909.     No.  3066  A. 

Review  of  1908. 

Scotch  Shipbuilding  in  1908.  Benja- 
min Taylor.  A  review.  2500  w.  Int 
Marine  Engng — March,  1909.  No.  3014  C. 

Safety  Devices. 

Safety  of  Travel  on  the  Modern  Ocean 
Liner.  E.  A.  Stevens.  An  illustrated 
account  of  important  safeguards  to  human 
life  recently  fitted  to  ships.  2500  w.  Am 
Rev  of  Revs — March,  1909.    No.  2918  C. 

Ship  Design. 

Modern  Ship  Design.  Leslie  Denny. 
Read  before  the  Manchester  Assn.  of 
Engrs.  Explains  how  the  first  rough 
estimate  for  a  ship  is  prepared,  the  design 
being  more  fully  worked  out  in  the  draw- 
ing office.  2500  w.  Mech  Engr — March 
5,  1909.    No.  3155  A. 

Water-Tight  Bulkheads  in  Passenger 
Vessels.  A  review  of  present  practice  in 
designing-  and  locating  bulkheads.  2500  w. 
Engr,  Lond — Feb.  26,  1909.  No.  3072  A. 
Longitudinally  Framed  Ships.  Illus- 
trated detailed  description  of  the  "Craster 
Hall,"  a  vessel  built  on  the  Isherwood 
system,  with  modifications.  5000  w.  Engr, 
Lond — March  5,  1909.    No.  3175  A., 

Ship  Lighting. 

See  Ship  Ventilation,  under  MARINE 
AND  NAVAL  ENGINEERING. 

Ship  Ventilation. 

Lighting  and  Ventilation  of  Inside 
Cabins  (Ueber  Beleuchtung  und  Ventila- 
tion von  Innenkammern).  R.  Schmidt. 
Brief  description  of  methods.  Ills.  1300 
w.     Schiffbau — Feb.  10,  1909.     No.  3375  D. 

Spanish  Navy. 

The  New  Spanish  Navy.  Editorial  on 
the  scheme  laid  out  for  the  reinstatement 
of  Spain  among  the  naval  powers  of 
Europe.  2500  w.  Engng — March  5,  1909. 
No.  3168  A. 

Steamboats. 

Launch  of  Magnificent  New  Hudson 
River  Steamboat,  Robert  Fulton.  Illus- 
tration, with  interesting  details  of  a  ves- 
sel built  in  record  time.  1200  w.  Naut 
Gaz — March  25,  1909.  No.  3503. 
United     States     Life-Saving     Steamer, 
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"Snohomish,"  Illustrated  description  ot 
a  vessel  designed  and  equipped  for  life- 
saving  under  difficult  conditions.  1300  w. 
Sci  Am — March  6,  1909.     No.  2969. 

Steam  Boilers. 

Gunboat  Boilers.  Charles  S.  Linch.  Il- 
lustrates and  describes  the  low  high-pres- 
sure boilers  in  the  Wilson  Line  boats  on 
the  Delaware  River.  2000  w.  Int  Marine 
Engng — March,  1909.     No.  3013  C    ' 

Steam  Engines. 

See  Torsionmeters,  under  MECHAN- 
ICAL ENGINEERING,  Measurement; 
and  Valve  Gears,  under  MECHANICAL 
ENGINEERING,  Steam  Engineering. 

Steamships. 

The  Hamburg-American  Line  Steamer" 
Cleveland.  Illustrated  description.  3500 
w.  Int  Marine  Engng — March,  1909.  No. 
3011  C. 

The  Japanese  Volunteer  Turbine  Steam- 
er "Sakura  Maru."  Illustrated  descrip- 
tion. iSoo  w.  Engng — March  5,  1909. 
No.  3172  A. 

Steam  Turbines. 

Steam  Turbines  in  the  Navy.  _  On  the 
advantages  of  turbines,  their  manipulation 
and  care.  2500  w.  Mech  Wld — Feb.  19, 
1909.    Serial,     ist  part.    No.  2886  A. 


Steering  Gear. 

The  Steering  of  the  Ship.     A  study  ot 
steering  gear  and  its  operation.     3500  w. 
Marine  Rev — March  4,  1909.     No.  3008. 
Torpedo  Boats. 

A  New  Type  of  Torpedo  Boat.  Hud- 
son Maxim.  Read  before  the  Am.  Chem. 
Soc.  Describes  a  proposed  design  for  a 
submersible  torpedo  boat  with  a  de- 
structible bow.  Ills.  2000  w.  Int  Marine 
Engng — March,  1909.     No.  3012  C. 

U.  S.  Navy. 

Amateur  Reorganization  in  the  United 
States  Navy.  Criticism  of  recent  changes, 
especially  discussing  the  effect  in  navy 
yards.  4000  w.  Engineering  Magazine — 
April,  1909.     No.  3522  B. 

The  Reorganization  of  the  Naval  Es- 
tablishment. J.  A.  Mudd.  Discusses  the 
proper  place  of  the  industrial  and  com- 
mercial forces  in  any  reorganization 
scheme.  11500  w.  Pro  U  S  Naval  Inst — 
March,  1909.     No.  3548  F. 

Yachts. 

Taniwha — 112  ft.  Twin  Screw  Gasolene 
Propelled  Private  Yacht.  Illustrated  de- 
scription. 800  w.  Nant  Gaz — March  18, 
1909.     No.  3259. 


MECHANICAL  ENGINEERING 


AUTOMOBILES. 

Armstrong-  Whitworth 

The  18-22-H.P.  Armstrong-Whitworth 
Car.  Illustrated  detailed  description  of 
the  latest  model  of  these  cars.  1200  w. 
Auto  Jour — March  20,  1909.    No.  3596  A. 

Austin. 

Austin  Pullman  Landaulet.  Illustra- 
tions with  brief  description  of  an  entirely 
enclosed  car.  300  w.  Autocar — March 
20,  1909.     No.  3600  A. 

Axles. 

The  Section  of  Fixed  Axles  for  Motor 
Cars.  Compares  the  advantages  of  the 
various  sections  now  used,  studying  the 
stresses.  1500  w.  Engng — March  5,  1909. 
No.  3163  A. 

Brakes. 

The  Pulling-Up  Powers  of  a  Car.  Re- 
ports some  actual  tests  with  the  brakes 
of  modern  motor  vehicles.  Ills.  1600  w. 
Auto  Jour — Feb.  20,  1909.  Serial,  ist 
part.    No.  2873  A. 

Darracq. 

The   14-H.P.   Darracq  Car.     Illustrated 
description.     800   w.     Auto  Jour — March 
13,  1909.    No.  3433  A. 
Design. 

Improved  Forms  of  the  Buggy  Type 
Automobile.       Illustrates     and     describes 


types  of  motor  buggies  and  their  power 
plants.  2000  w.  Sci  Am — March  20,  1909. 
No.  3246. 

Electric. 

The  Mileage  Radius  of  Electric  Vehi- 
cles. Frank  B.  Rae.  Considers  the  deter- 
mining factors.  1800  w.  Elec  Rev,  N  Y 
March  6,  1909.    No.  3006. 

Gasoline  Meters. 

The  Smith  Petrol  Meter.  Illustrated 
description  of  a  valuable  accessory  for  a 
motor  car.  2000  w.  Auto  Jour — March  6, 
1909.    No.  3146  A, 

Gears. 

Differential  Gears  for  Motor-Cars.  A 
critical  discussion  of  the  types  in  general 
use.  Ills.  1600  w.  Engng — Feb.  26, 
1909.     No.  3063  A. 

Laurin-Klement. 

Three  Laurin  and  Klement  1909  Mod- 
els. Brief  illustrated  descriptions  of  the 
14-16  h.p.,  10-12  h.p.,  and  10  h.p.  cars. 
900  w.  Autocar — March  6,  1909.  No. 
3148  A. 
Lighting. 

Economy  Results  from  Understanding 
Acetylene.  Discusses  phases  of  lighting 
by  means  of  acetylene,  with  particular 
reference  to  calcium  carbide.  Ills.  2500 
w.  Automobile — March  25, 1909.    No.  3504. 
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Lubrication. 

Lubrication.     J.    W.   G.   Brooker.     Ab- 
stract of  paper  considering  points  on  lu- 
brication.   2200  w.    Auto  Jour — March  6, 
1909.     Serial,     ist  part.    No.  3147  A. 
Motor  Control. 

A  Few  Observations  on  Engine  Control. 
A  study  of  various  systems.    Ills.    1500  w. 
Autocar — Feb.  20,  1909.    No.  2874  A. 
Motor  Power. 

Increasing  Motor  Power  per  Unit  of 
Mass.  G.  Lumct.  Reviews  the  factors 
that  increase  the  mechanical  efficiency  of 
a  motor.  2000  w.  Automobile — March 
4,  1909.    No.  2967. 

Motors. 

Bore  and    Stroke.     Discusses   the   pros 
.  and  cons  of  long  and  short  strokes.     180D 
w.    Autocar — March  20,  1909.  No.  3599  A. 
See  also  Benzine  Motors,   under  Com- 
nusTiON  Motors;  and  Shop  Practice,  un- 
der Machine  Works  and  Foundries. 
N.  A.-G. 

Cars  of  the  Neue  Automobil-Gesell- 
schaft  (Die  Personenwagen  der  Neuen 
Automobil-Gesellschaft):  O.  Winkler. 
Describes  novel  features  of  the  25-36 
h.p.  car.  Ills.  2200  w.  Zeitschr  d  Ver 
Deutscher  Ing — Feb.  13,  1909.  No.  3563  D. 

Omnibuses. 

Motor  Passenger- Vehicles.  J.  F.  Gairns. 
Illustrates  and  describes  recent  develop- 
ments in  motor  omnibuses,  and  some  of 
their  uses.  5000  w.  Cassier's  Mag — 
March,  1909.     No.  2923  B. 

Selden. 

What  Is  the  Selden  Patent?  Charles 
B.  Haywood.  An  explanation,  with  illus- 
trated descriptions  of  types  of  Selden 
cars.  2500  w.  Sci  Am — March  20,  1909. 
No.  3248. 
Springs. 

Springs    (Des   Resorts).     M.   Marches- 
seau.     Mathematical  discussion  of  the  de- 
sign of  automobile  springs.    2300  w.     All 
Indus — Feb.,   1909.     No.  3327  D. 
Steering  Gears. 

Safety  and  Utility  of  Automobile  Steer- 
ing Systems.  Thomas  J.  Fay.  An  ex- 
amination of  the  various  systems.  Ills. 
2000  w.  Automobile — March  11,  1909. 
Serial,     ist  part.     No.  3089. 

Tires. 

The  Hall  and  Baynes  Detachable  Rim. 
Illustrated  description  of  a  device  for  fa- 
cilitating   speedy    tire    changes.      700    w. 
Autocar — March    13,    1909.     No.   3401   A. 
Traction  Engines. 

A  Gasoline  Caterpillar  Traction  Engine. 
Brief  illustrated  description  of  engines 
operating  on  the  Mojave  desert  in  con- 
nection with  work  on  the  Los  Angeles 
aqueduct  and  reservoir  system.  1000  w. 
Sci  Am  Sup — March  6,  1909.     No.  3577. 


Tractors. 

The  War  Office  Tractor  Trials.  Illus- 
trates and  describes  the  three  vehicles  that 
competed  on  March  ist.  4000  w.  Engr, 
Lond — March  5,  1909.    No.  3177  A. 

Military  Tractor  Trials.  Reports  on 
the  British  War  Office  trials,  giving  par- 
ticulars of  vehicles  entered.  1200  w. 
Engng — March  5,  1909.  Serial,  ist  part. 
No.  3169  A. 

The  Thornycroft  Tractor.  Illustrated 
description  of  the  vehicle  entered  for  the 
War  Office  trials.  600  w.  Engng — March 
5,  1909.     No.  3171  A. 

Lessons    from    the    Trials    of    Military 
Tractors.     Editorial  on  the  recently  com- 
pleted War  Office  trials.  3000  w.    Engng — 
March  19,  1909.     No.  3620  A. 
Vulcan. 

The  16  h.p.  Vulcan  Car.  Brief  illus- 
trated description  of  a  car  of  moderate 
power.  1000  w.  Autocar — Feb.  20,  1909. 
No.  2875  A. 

COMBUSTION   MOTORS. 

Benzine  Motors. 

The  Working  Cycle  in  Automobile 
Motors  (Untersuchung  des  Arbeitsprozes- 
ses  im  Fahrzeugmotor).  Kurt  Neumann. 
Describes  and  gives  the  results  of  an 
elaborate  research  on  a  one-cylinder  de- 
Dion-Bouton  benzine  motor.  Ills.  Se- 
rial, ist  part.  4400  w.  Zeitschr  d  Ver 
Deutscher  Ing — Feb.  27,  1909.  No.  3572  D. 
Gas  Cleaning. 

See  Blast-Furnace  Gas,  under  MINING 
AND  METALLURGY,  Iron  and  Steel. 

Gas  Engines. 

Westinghouse  Gas  Engines  at  Gary. 
Illustrates  and  describes  the  mechanical 
and  operative  features  of  the  No.  3  gas- 
driven  blowing  plant  of  the  Indiana 
Steel  Co.  6000  w.  Ir  Age — March  4, 
1909.     No.  2930. 

Large  Gas  Engines  (Les  Moteurs  a  Gaz 
de  grandes  Puissances).  M.  L.  Letombe. 
Discusses  their  design,  the  various  types, 
their  application,  etc.  Ills.  1800  w.  Mem 
Soc  Ing  Civ  de  France — Dec,  1908.  No. 
3302  G. 

See  also  Gas  vs.  Steam,  under  Power 
and  Transmission. 

Gas  Power  Plants. 

Municipal  Producer  Gas  Plants  at  Peru, 
Ind.  Osborn  Monnett.  Illustrated  de- 
scription of  a  plant  supplanting  a  steam- 
engine  plant  and  showing  reduced  con- 
sumption. 1500  w.  Power — March  16. 
1909.     No.  3186. 

The  Boston  Elevated  Railway  Com- 
pany's Recent  Gas  Engine  Experience. 
H.  S.  Knowlton.  A  review  of  the  per- 
formance of  the  gas-engine  station  at 
Somerville,  Mass.,  comparing  it  with  the 
steam  plant  at  East  Boston.  2000  w.  Eng 
Rec— March  27,  1909.     No.  3541. 
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Gas  Producers. 

Producer  Gas.  With  Special  Reference 
to  Suction  Gas  Producers  for  Power. 
Lawrence  P.  Tolman.  Reviews  the  his- 
tory and  development,  efficiency,  testing, 
etc.  Ills.  4000  w.  Jour  Worcester  Poly 
Inst — March,  1909.     No.  3447  C. 

The  Construction  and  Management  of 
Gas  Producers  for  Open-hearth  Steel 
Works.  C.  Canaris.  Trans,  from  Stahl 
und  Eisen.  Considers  the  more  important 
points  in  the  construction  and  manage- 
ment of  gas  producers,  discusses  types, 
and  favors  the  proved  types  of  rotary 
grate  gas  producers.  4500  w.  Ir  &  Coal 
Trds  Rev — March  12,  1909.     No.  3430  A. 

Ignition. 

Ignition.  J.  A.  Williams.  Read  before 
the  Nat.  Gas  &  Gasoline  Eng.  Trds.  Assn. 
Also  discussion.  Discusses  the  make  and 
break  and  jump  spark  systems.  7000  w. 
Gas  Engine — March,  1909.     No.  3190. 

Oil  Engines. 

Junkers'  Two-Cycle  Oil  Engine.     Illus- 
trated  description   of   the   engine   and   its 
operation.     800  w.     Mech  Engr — Feb.  26, 
1909.     No.  3059  A. 
Power. 

A  priori  Determination  of  the  Power 
of  an  Explosion  Motor  (Determination 
"a  priori"  de  la  Puissance  des  Moteurs 
a  Explosion).  E.  Girardault.  A  critical 
mathematical  discussion  of  various  for- 
mulae proposed.  Ills.  2400  w.  Genie 
Civil — Feb.  20,  1909.     No.  3345  D. 

HEATING  AND  COOLING. 

Central  Plants. 

Central  Heating  Plant  for  Lebanon,  Ind. 
Byron  T.  Gifford.  Illustrated  description 
of  a  central  hot-water  system.  1200  w. 
Power — March  2,  1909.     No.  2906. 

Cooling  Towers. 

Cooling-Tower  Practice.  J.  H.  Hart. 
Information  in  regard  to  both  the  open 
and  closed  types,  their  efficiency,  etc.  2000 
w.     Elec  Wld — March  4,  1909.     No.  2992. 

Experimental  Apparatus, 

Glass  Experimental  Apparatus  (Fine 
Glasheizung  fiir  Versuchszwecke).  Max 
Hottinger.  Describes  apparatus  devised 
for  studying  hot-water  heating  phenom- 
ena, with  results  of  tests.  Ills.  4000  w.  Ge- 
sundheits-Ing — Feb.  13,  1909.    No.  3389  D. 

Hospital  Heating. 

Some  Methods  of  Heating  Adopted  in 
Hospitals  and  Asylums  Recently  Built. 
Ernest  Richard  Dolby.  Illustrates  and  de- 
scribes heating  and  hot-water  service 
systems  designed  for  conditions  in  Eng- 
land. Discussion.  22500  w.  Inst  of  Civ 
Engrs— No.  3687.  No,  3209  N. 
Hot-Air  Heating. 

Design  of  Furnace  Heating  Systems, 
with  an  Application  to  a  Ten-Room  Resi- 


dence.    J.  D.  Hoffman.     Detailed  discus- 
sion   of   necessary   calculations.     4500  w. 
Heat  &  Vent  Mag — March,  1909.     Serial. 
1st  part.     No.  3453. 
Hot- Water  Heating. 

Local  Regulation  of  Hot- Water  Heating 
(Die  ortliche  Regelung  der  Warmwasser- 
heizung).  Anton  Gramberg.  Mathemat- 
ical discussion.  Ills.  Serial,  ist  parr. 
6000  w.  Gesundheits-Ing — Feb.  6,  1909. 
No.  3388  D. 

See  also  Central  Plants  and  Experi- 
mental Apparatus,  under  Heating  and 
Cooling. 

Indirect  Heating. 

A  Rational  Formula  Covering  the  Per- 
formance of  Indirect  Heating  Surface. 
Perry  West.  Part  of  a  discussion  before 
the  Am.  Soc.  of  Heat.  &  Vent.  Engrs.* 
Explains  the  theory  on  which  the  formula 
is  based.  1300  w.  Heat  &  Vent  Mag — 
March,  1909.  No.  3451. 
Refrigeration. 

Wet  versus  Dry  Compression.  Joseph 
H.  Hart.  Explains  the  meaning  of  the 
terms  and  the  factors  that  determine 
the  efficiency  of  the  two  types.  2500  w. 
Power — March  9,  1909.     No.  3041. 

Calcium  Chloride  versus  Salt.  L.  E. 
Diamond.  Read  at  the  Indiana  Ice  Mfrs. 
Con,  Discusses  their  value  and  economy 
as  refrigerating  agents.  3000  w.  Ice  & 
Refrig — March,  1909.    No.  3023  C 

The  Problem  of  the  Small  Refrigerat- 
ing Machine.  Sterling  H.  Bunnell.  Dis- 
cusses practical  conditions  attending  re- 
frigeration on  a  small  scale.  2000  w. 
Cassier's  Mag — March,  1909.    No.  2922  B. 

See    also    Hospital    Ships,   under    MA- 
RINE AND  NAVAL  ENGINEERING. 
Steam  Heating. 

Heating  and  Ventilation  of  the  Hotel 
Plaza,  New  York;  Part  I.  An  18-story 
hotel  of  800  guest  rooms,  having  one  of 
the  finest  mechanical  equipments  ever  in- 
stalled. Plans  and  description.  5500  w. 
Eng  Rec — March  13,  1909.  Serial,  ist 
part.  No.  3113. 
Temperature  Regulation. 

See  Hot-Water  Heating,  under  Heat- 
ing AND  Cooling. 

HYDRAULIC  MACHINERY. 

Air  Lift. 

Tests  Upon  Compressed  Air  Pumping 
Systems  of  Oil  Wells.  Edmund  M. 
Ivens.  Description  of  systems  and  report 
of  tests.  3500  w.  Jour  Am  Soc  of  Mech 
Engrs — March,   1909.     No.  3462  F. 

Centrifugal  Pumps. 

Design  of  a  Centrifugal  Pump.  A  de- 
tailed study.  Ills.  1500  w.  Prac  Engr — 
Feb.  19,  1909.  Serial.  ist  part.  No. 
2880  A. 

Characteristics  of  the  Turbine  Pump. 
Frederick    Ray.     A    study  of    the  design 
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and  operation  of  centrifugal  pumps  by 
means  of  curves.  5000  w.  Power — March 
23,  1909.     No.  3437. 

Operating  and  Test  Results  of 
Schwartzkopff  High  -  Lift  Centrifugal 
Pumps  (Ausfiihrungen  und  Versuchsre- 
sultate  von  Hochdruckzentrifugalpumpen 
der  Berliner  Maschinenbau-Aktiengcsell- 
schaft  vormals  L.  Schwartzkopff).  Herr 
Griessmann.  Description  of  the  pumps 
and  tests  and  tabulated  results.  Ills.  Se- 
rial. 1st  part.  1600  w.  Zeitschr  f  d 
Gesamte  Turbinenwesen — Feb.  20,  1909. 
No.  3380  D. 

Electric  Pumping. 

Electrically-Operated  Pumping  and  Air- 
Compressing  Installation  at  Messrs.  Har- 
land  &  Wolff's  Shipbuilding  Yard,  Belfast. 
Brief  illustrated  description.  3000  w. 
Elect'n,  Lond — Feb.  26,  1909.    No.  3054  A. 

Experimental  Apparatus. 

An  Experimental  Hydraulic  Cylinder. 
E.  G.  Coker.  Illustrated  description  of  a 
cylinder  hung  vertically,  so  that  the  lower 
face  would  be  available  for  vertical  jets, 
and  be  entirely  free  of  supports.  1000  w. 
Engng — March  19,  1909.    No.  3616  A. 

Pumping  Plants. 

A  Power  Plant  for  Rice  Irrigation. 
John  W.  Maxcy.  Brief  description  of  a 
plant  near  Wharton,  Texas.  Ills.  700  w. 
Eng  Rec — March  20,  1909.    No.  3274. 

See  also  Water  Wheels,  under  Hydrau- 
lics. 

Turbines. 

Brake  Tests  on  a  Lorenz  Turbine 
(Bremsergebnisse  einer  Lorenzturbine). 
Robert  Goldschmidt.  Describes  the  ma- 
chine and  tests,  and  discusses  the  results. 
Ills.  Serial,  1st  part.  2000  w.  Zeitschr  f  d 
Gesamte  Turbinenwesen — Feb.  20,  1909. 
No.  3379  D. 

Water  Wheels. 

Power  from  the  Current  of  the  River 
Clutha  (N.  Z.).  Frank  Reed.  Descrip- 
tion of  wheel  pumping  plants,  utilizing  a 
river  having  a  velocity  varying  from  5  to 
8  miles  per  hour.  Ills.  1500  w.  Aust 
Min  Stand— Feb.  17,  1909.     No.  3588  B. 

Wave  Motor. 

The  Snee  Wave  Motor  and  Its  Possi- 
bilities. Franklin  Van  Winkle.  Illustrated 
description  of  a  turbine  construction  de- 
signed to  utilize  the  energy  of  ocean 
waves  and  currents  to  develop  power. 
4500  w.  Power — March  2,  1909.  No.  2905. 
MACHINE  ELEMENTS  AND  DESIGN. 

Ball  Bearings. 

See  Testing  Machines,  under  Measure- 
ment. 

Bearings. 

RingTOiled  Conical-Seated  Bearings  for 
Machine  Tools.  Discusses  bearings  for 
high-speed  tools  and  means  by  which  they 
could  be  improved.  1500  w.  Mech  Wld — 
March  5,  1909.    No.  3156  A. 


Crank  Shafts. 

The  Influence  of  the  Angles  of  a  Crank 
Shaft  on  its  Deformation  (Ueber  den  Ein- 
fluss  dcr  Kropfungsecken  auf  die  Form- 
ilnderung  von  gekropften  Kurbwellen). 
Eugen  Meyer.  Mathematical  discission  of 
the  stresses  in  crank-shaft  angles.  Ills. 
2800  w.  Zeitschr  d  Ver  Deutscher  Ing — 
Feb.  20,  1909.  No.  3568  D. 
Gears. 

A  Discussion  of  Involute-Spur  and  Hel- 
ical Gearing.  Frank  Burgess.  Considers 
the  requirements  and  some  problems  not 
yet  solved.  1000  w.  Am  Mach — Vol.  3;2. 
No.  9.    No.  2936. 

The  Strength  of  Raw  Hide  Gearing.  R. 
Livingstone.  Considers  methods  of  calcu- 
lating the  size  of  pinion  required  for  a 
given  power  and  speed.  1500  w.  Elect'n, 
Lond — March  19,  1909.  No.  3604  A. 
Kinematics. 

The  Graphical  Design  of  the  Slot  and 
Crank  (Der  graphische  Entwurf  der  Kur- 
belschlcife).  Hans  Volkmann.  Illustrated 
mathematical  discussion.  2000  w.  Zeitschr 
f  Werkzeug — Feb.  15,  1909.  No.  3385  D. 
Milling  Machines. 

Cutter-Marks.  H.  S.  Quackenbush.  Ex- 
plains means  of  facilitating  calculations  in 
designing  a  mill  or  milling  machine  so 
that  the  depth  of  these  waves  will  be 
small.  2000  w.  Harvard  Engng  Jour — Jan, 
1909.    No.  3196  D. 

Presses. 

A  Note  on  the  Design  of  Flywheel 
Presses  (Ein  Beitrag  zur  Berechnung  der 
vSchwungradpressen).  Herr  Schlesinger. 
Mathematical  discussion  of  the  design  of 
presses  for  sheet-metal  work.  Ills.  7100 
w.  Zeitschr  d  Ver  Deutscher  Ing — Feb. 
20,  1909.   No.  3567  D. 

Strength  of  Materials. 

The  Strength  of  Pipes  and  Cylinders. 
C.  A.  Smith.  Shows  how  the  new  inter- 
pretation of  Guest's  law  affects  the  theory 
of  tubes  and  thick  cylinders.  1000  w. 
Engng — March  5,  1909.     No.  3170  A. 

MACHINE  WORKS  AND  FOUNDRIES. 

Automatic  Machines. 

See  Lathes,  under  Machine  Works  and 
Foundries. 

Bending  Machines. 

The  Caskey  Hydro-Pneumatic  Bending 
Machine.  C.  M.  Hamersly.  Illustrated  de- 
scription. 800  w.  Am  Mach — Vol.  32.  No. 
12.     No.  3488. 

Brass  Founding. 

The  Economy  of  Skimming  Brass  Into 
Water.  A.  L.  Haasis.  Describes  the 
Metal  Dross  Economy  process,  and  the 
saving  effected.  1000  w.  Brass  Wld — 
March,   1909.     No.  3443. 

See  also  Alloys,  under  Machine  Works 
AND  Foundries. 
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Brazing. 

See  Welding,  under  Machine  Works 
AND  Foundries. 

Castings. 

Interesting  Tests  of  Steel  Castings.  Il- 
lustrates and  describes  a  number  of  tests. 
1600  w.   Foundry — March,  1909.    No.  2944. 

The  Air-Furnace  Process  of  Preparing 
White  Cast-Iron  for  the  Malkablizing 
Process.  Henry  M.  Howe  and  Enrique 
Touceda.  A  report  of  investigations.  2000 
w.  Bui  Am  Inst  of  Min  Engrs — March, 
1909.    No.  3473  F. 

Faulty  Castings  and  Their  Prevention. 
Walter  J.  May.  Suggests  methods  of  re- 
ducing the  number  of  waste  castings.  1400 
w.  Mech  Wld— March  12,  1909.  No.  3413  A. 

Cupola  Lining. 

Cupola  Linings  (Das  Kupolofenfutter). 
Discusses  the  importance  of  careful  selec- 
tion of  materials,  the  chemical  principles 
involved,  etc.  1700  w.  Stahl  u  Risen — 
Feb.  24,  1909.    No.  3365  D. 

The  Destruction  of  Cupola  Linings 
(Wie  kleidet  man  Kupolofen  aus?).  Otto 
Beckmann.  Discusses  the  effect  of  the 
lining  on  the  working  of  the  cupola,  ma- 
terials, etc.  Ills.  1900  w.  Giesserei-Zeit- 
ung— Feb.  15,  i909-    No.  3373  D. 

Cupola  Practice. 

Dry  versus  Wet  Coke  for  the  Foundry 
Cupola.  C.  Geiger,  in  Stahl  und  Eisen. 
Explains  the  possibility  of  obtaining  more 
economical  results  in  the  cupola  with  wet 
coke  than  with  dry.  1500  w.  Ir  &  Coal 
Trds  Rev — Feb.  19,  1909.     No.  2904  A. 

Cutting  Metals. 

See  Welding,  under  Machine  Works 
and  Foundries. 

Cutting  Tools. 

A  Practical  Machine  Tool  System  for 
a  Railway  Shop.  W.  J.  Eddy.  Gives  the 
machine  tool  chart  of  the  Erie  Railroad 
with  explanatory  notes.  600  w.  R  R 
Age  Gaz — March  26,  1909.    No.  3520. 

See  also  Milling  Cutters,  under  Ma- 
chine Works  and  Foundries;  Tool 
Steels,  under  Materials  of  Construc- 
tion ;  and  Dynamometers,  under  Meas- 
urement. 

Drills. 

Experiments  Upon  the  Forces  Acting  on 
Twist-Drills  When  Operating  on  Cast- 
Iron  and  Steel.  Dempster  Smith  and  R. 
Poliakoff.  A  record  of  experiments  made 
with  a  double-edged  cutting  tool  in  the 
form  of  a  twist  drill.  Gives  also  a  brief 
review  of  the  most  important  work  in  this 
field.  Ills.  12600  w.  Inst  of  Mech  Engrs 
— March  18,  1909.    No.  3615  N. 

Enamelling. 

Enameled  Cast  Iron  Sanitary  Ware. 
Dillon  Underbill.  First  of  a  series  of  ar- 
ticles describing  methods  of  molding,  pat- 
tern-making,   designing,    annealing,    and 


enameling.      Ills.      3500   w.      Foundry — 
March,  1909.     Serial,     ist  part.    No.  2942. 
Forging. 

Drop  Forging.  R.  E.  Bury.  Abstract 
of  paper  before  the  Indian  Sec.  of  the 
Inst,  of  Mech.  Engrs.  Considers  differ- 
ent methods  of  die  forging,  showing  the 
advantages  of  drop  forging.  2500  w. 
Engr,  Lond — March  12,  1909.    No.  3428  A. 

Foundry  Materials. 

See  Pig  Iron,  under  MINING  AND 
METALLURGY,  Iron  and  Steel. 

Foundry  Practice. 

See  Pattern  Making,  under  Machine 
Works  and  Foundries. 

Furnaces. 

Electric  Annealing  Furnaces  for  Hard- 
ening and  Tempering  High  Class  Tools. 
John  B.  C.  Kershaw.  Illustrated  descrip- 
tions of  the  three  types  of  furnace  now 
in  use  for  small  work.  2500  w.  Ir  Trd 
Rev — March  4,  1909.     No.  2962. 

See  also  Castings,  under  Machine 
Works  and  Foundries. 

Grinding. 

The  Manufacture  of  Steel-Balls  for 
Tumbling  Purposes.  Illustrates  and  de- 
scribes machines  and  methods  of  grinding 
large  steel  balls.  1200  w.  Brass  Wld — 
March,  1909.     No.  3442. 

Grinding  Machines. 

A  New  Grinder  for  Rapid  Internal 
Work.  Illustrated  detailed  description  of 
the  Bath  double-head  internal  grinder  and 
its  operation.  2000  w.  Am  Mach — ^Vol. 
32.     No.  9.    No.  2934. 

Lacquering. 

The  Process  of  Lacquering  Brass  Bed- 
steads. Describes  a  method  recently  pat- 
ented by  William  W.  Vincent,  by  which 
the  tubing  is  heated  by  electricity.  1400 
w.    Brass  Wld— March,  1909.    No.  3446. 

Lathes. 

Lathe  for  Turning  Large  Turbine  Ro- 
tors. Illustrated  description  of  a  large 
lathe  for  the  Fairfield  Shipbuilding  &  En- 
gineering Co.  600  w.  Engng — March  19, 
1909.     No.  3622  A. 

30-In.  Crank-Axle  Lathe.  Illustrated 
description  of  a  motor-driven  lathe,  de- 
signed for  work  on  locomotive  crank- 
axles.  500  w.  Engng — March  12,  1909. 
No.  3420  A. 

Large  Work  on  Cleveland  Automatics. 
Illustrates  samples  of  work  and  tools  used, 
describing  methods.  1200  w.  Am  Mach 
— Vol.  32.    No.  II.    No.  3221. 

Machine  Tools. 

Marine  Turbine  Blading  and  Shipyard 
Tools.  Illustrates  and  describes  special 
machines  used  at  the  Fore  River  Ship- 
building Co.  and  the  new  form  of  blad- 
ing for  Curtis  marine  turbines.  3000  w. 
Am  Mach— Vol.  32.    No.  10.    No.  3081. 
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Modern  Swedish  Machine  Tools.  Oskar 
Kylin.  IHustrates  and  describes  represen- 
tative types.  1500  w.  Mach,  N  Y — March, 
1909.    No.  2913  C. 

See  also  Bearings,  under  Machine  El- 
ements AND  Design. 
Milling  Cutters. 

Development  of  the  High  Speed  Milling 
Cutter,  with  Inserted  Blades,  for  High 
Powered  Milling  Machines.  Wilfred  Lewis 
and  William  H.  Taylor's  paper  is  dis- 
cussed. 4000  w.  Jour  Am  Soc  of  Mech 
Engrs' — March,  1909.     No.  3464  F. 

Clearance  of  Milling  Ctitters.  Harry 
A.  S.  Howarth.  Shows  graphically  the 
factors  that  determine  the  clearance  which 
should  be  ground.  3000  w.  Mach,  N  Y — 
March,  1909.    No.  2910  C. 

Milling  Machines. 

Efficiency  Tests  of  Milling  Machines 
and  Milling  Cutters.  Discussion  of  A.  L. 
DeLeeuw's  paper,  4500  w.  Jour  Am 
Soc  of  Mech  Engrs — March,  1909.  No. 
3465  F. 

Milling  Machine  Tests.  P.  V.  Vernon. 
Illustrates  and  describes  tests  carried  out 
in  the  workshop  of  Alfred  Hubert,  Lim- 
ited, with  a  view  to  collecting  data  as  to 
the  capacity  and  efficiency.  2000  w.  Engr, 
Lond — March  19,  1909.     No.  2)^2^  A. 

See  also  same  title,  under  Machine  El- 
ements and  Design. 
Molding. 

Making  Molds  for  Casting  Turbine 
Wheels.  Illustrated  description  of  a 
method  invented  by  Levi  J.  Wing.  600  w. 
Brass  Wld — March,  1909.     No.  3445. 

Molding  Locomotive  Cylinders.  Paul 
R.  Ramp.  Prize  paper.  Discusses  every 
phase  of  foundry  practice  relating  to  their 
production.  Ills.  2500  w.  Foundry — 
March,  1909.     No.  2945. 

Molding  Machines. 

Molding  Machine-Made  Plowpoints.  Il- 
lustrates and  describes  methods  of  mount- 
ing the  patterns  on  a  molding  machine. 
2000  w.   Foundry — March,  1909.   No.  2947. 

Jarring  arid  Hinged  Molding  Machine. 
Illustrated  description  of  a  large  machine 
for  molding  car  wheel  centers.     1500  w. 
Foundry — March,  1909.     No.  2948. 
Molding  Sand. 

The  Drying  of  Molding  Sand  (Ueber 
das  Trocknen  des  Formsandes).  E.  Lam- 
berton.  Illustrates  and  describes  various 
drying  devices.  1800  w.  Stahl  u  Eisen 
— Feb.  17,  1909.     No.  3362  D. 

Pattern  Making. 

The  Patternmaker  and  the  Foundry. 
Remarks  on  the  need  of  patternmakers 
having  a  knowledge  of  foundry  and  shop 
methods,  describing  different  methods  of 
molding  a  ring  separator.  Ills.  2000  w. 
Am  Mach — Vol.  z^.    No.  12.    No.  3489. 


Planing  Machines. 

A  Propeller  Planing  Machine.  Descrip- 
tion of  a  recent  design.  Ills.  1000  w. 
Am  Mach — Vol.  z^.    No.  11.     No.  3220. 

Presses. 

See  same  title,  under  Machine  Ele- 
^fENTS  AND  Design. 

Punching. 

Some  Pimching  Tests  (A  propos  de 
quelques  Essais  de  Poingonnage).  Pierre 
Breuil.  Gives  results  of  a  series  of  punch- 
ing tests  on  thin  sheets  of  various  metals^ 
with  discussion.  Ills.  4500  w.  Rev  de 
Mecan — Feb.,  1909.     No.  3321  E  +  F. 

See  also  Steel,  under  Materials  of  Con- 
struction. 

Saw  Making. 

Making  Saws.  Ethan  Viall.  Illustrated 
description  of  methods  used  in  making 
the  Atkins  saws.  1800  w.  Mech,  N  Y— 
March,  1909.     No.  291 1   C. 

Saws. 

What  Can  Be  Done  with  a  Cold  Saw. 
Roger  Atkinson.  Describes  t3'pes  and  the 
methods  of  using  them.  Ills.  1500  w.  Ry 
&  Loc  Engng — March,  1909.     No.  2939  C. 

Shop  Appliances. 

Accurate  Textile  Machinery  Making. 
Illustrates  and  describes  devices  used  ni 
making  the  Mayo  knitting-machines,  out- 
lining the  method  of  manufacture.  1600 
w.  Am  Mach — Vol.  32.  No.  12.  No.  3486. 
Universal  Radial  Drill  Equipped  for  Jig 
Work.  A.  J.  Baker.  Description  of  at- 
tachments and  their  use.  900  w.  Am 
Mach— Vol.  z^-     No.  12.     No.  3487. 

Flanging,      Punching      and      Welding. 
Claude  Aiken.      Illustrates  and   describes 
.    shop    equipment    and    methods.      2000   w. 
Am' Mach— Vol.  32.    No.  11.    No.  3218. 

Shop  Practice. 

Machining  Motor  Car  Twin  Cylinders. 
Considers  operations  to  be  performed  in 
machine  shop  in  sequence.  Ills.  1200  w. 
Prac  Engr — Feb.  26,  1909.  Serial.  isi 
part.     No.  3056  A. 

Manufacturing  Air-Cooled  Cylinders.  F. 
J.  Haynes.  Some  of  the  processes  are 
illustrated  and  described.  1000  w.  Mach, 
N  Y— March,   1909.     No.  2914  C. 

Machining  the  Knee  of  a  Cutter  Grind- 
er. A.  J.  Baker.  Illustrates  and  describes 
the  operations  in  their  order  1200  w. 
Am  Mach— Vol.  z^.    No.  10.    No.  3082. 

Method  of  Making  Master  Tools  for 
Eyelet  Sets.  Warren  E.  Thompson.  Il- 
lustrates and  describes  the  special  ma- 
chinery. 1600  w.  Mach,  N  Y— March, 
1909.     No.  2912  C. 

Shops. 

A  Modern  Tank  Works.  Illustrations, 
with  description,  of  works  at  Shipley, 
England.  800  w.  Engr,  Lond — March  19. 
1909.     No.   z^^  A. 
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New  Wiring- Supplies  Building  Con- 
structed by  the  General  Electric  Company. 
Illustrated  description  of  a  building  at 
Schenectady,  N.  Y.  1500  w.  Elec  Rev, 
N  Y— Feb.  27,  1909.     No.  2857. 

Organization  and  Equipment  of  an  Au- 
tomobile Factory.  C.  B.  Owen.  ^  Illus- 
trated description  of  the  construction  of 
the  Cadillac  plant  and  the  design  of  the 
product.  5000  w.  Mach,  N  Y-^March, 
1909.     No.  2909  C. 

Tack  Making. 

The  Methods  of  Modern  Tack  Making. 
Description  of  machinery  that  makes  from 
300  to  2000  tacks  per  minute.  Ills.  1500 
w.    Am  Mach— Vol.  32.    No.  9.    No.  2935. 

Tempering. 

See  Furnaces,  undc*  Machine  Works 
AND  Foundries. 

Welding. 

Water  Decomposition  by  Direct  Current 
and  Alternating  Current,  and  Welding 
with  the  Oxy-Hydrogen  Flame.  M.  U. 
Schoop.  Suggestions  for  making  oxy- 
hydrogen  gas.  1800  w.  Elec-Chem  &  Met 
Ind — March,   1909.     No.  2984  C. 

Welding  with  the  Oxygenite  Process. 
E.  F.  Lake.  Illustrated  description  of  the 
apparatus  and  its  operation,  illustrating 
samples  of  work.  2200  w.  Am  Mach — 
Vol.  32.     No.  II.     No.  3222. 

Welding  and  Brazing,  with  Special  Ref- 
erence to  the  Welding  of  Plates  (Das 
Schweissen  und  Hartloten  mit  besonderer 
Beriicksichtigung  der  Blechschweissung). 
A  review  of  welding  processes,  their  ap- 
plications and  advantages.  Ills.  Serial, 
ist  part.  2200  w.  Glasers  Ann — Feb.  15, 
1909.     No.  3396  D. 

Welding  and  Cutting  Metals  with  Oxy- 
gen (Autogenes  Schweissen  und  Schnei- 
den  mit  Sauerstoff).  Felix  Kagerer.  A. 
valuable  paper  describing  the  use  of  the 
oxygen  blowpipe  in  the  shops  of  the  Aus- 
trian State  Railways.  Test  results  and 
costs.  7700  w.  Oest  Wochenschr  f  d 
Oeffent  Baudienst — Feb.  20,  1909.  No. 
3550  D. 
Wire  Drawing. 

The  Carroll  Friction  Block  for  Wire 
Drawing  Frames.  Illustrated  description 
of  the  device,  with  record  of  performance 
tests.  2000  w.  Ir  &  Coal  Trds  Rev — 
March  12,  1909.     No.  3,431  A. 

MATERIALS    OF    CONSTRUCTION. 

Alloys. 

The  Art  of  Making  Alloys.  Percy  Long- 
muir.  From  a  paper  before  the  British 
Foundry  Assn.,  giving  practical  sugges- 
tions. 1200  w.  Sci  Am  Sup — March  13, 
1909.    No.  3579. 

Alloys  lOr  Use  in  the  Brass  Foundry. 
Joseph  H.  Hart.  Discusses  the  results 
obtained  by  alloying  various  metals.  2500 
w.     Foundry — March,  1909.     No.  2943. 


Monel  Metal.  David  H.  Browne.  A 
brief  description  of  its  properties  and 
uses.  1000  w.  Elec-Chem  &  Met  Ind — 
March,  1909.     No.  2985  C. 

Alloy  Steels. 

See  Rails,  under  RAILWAY  ENGI- 
NEERING, Permanent  Way  and  Build- 
ings. 

Bakelite. 

Bakelite.  Abstract  of  a  paper  by  Dr. 
L.  H.  Bakeland,  before  the  Am.  Chem. 
Soc.  giving  information  concerning  the 
manufacture  and  properties  of  this  new 
substance.  2500  w.  Elec-Chem  &  Met 
Ind — March,  1909.     No.  2983  C. 

Brass. 

Cold  Working  and  Tension  Tests  (Kalt- 
bearbeitung  und  Zugversuch).  R.  Stri- 
beck.  Gives  results  of  extended  tests  on 
brasses.  Ills.  7000  w.  Zeitschr  d  Ver 
Deutscher  Ing — Feb.  13,  1909.  No.  3561  D. 

Lead. 

Lead  (Bijdrage  tot  de  Kennis  van  het 
Lood).  H.  Baucke.  A  metallographic 
study  of  lead.  Ills.  5200  w.  De  Inge- 
nieur — Feb.  20,  1909.    No.  3574  D. 

Metallography. 

The  Application  of  the  Microscope  to 
the  Study  of  Metals.  Walter  Rosenhain. 
An  outline  of  the  methods  of  studying 
metals  and  alloys  with  the  microscope. 
Ills.  Discussion.  6500  w.  Jour  Soc  of 
Arts — March  12,  1909.    No.  3400  A. 

See  also  Lead,  and  Steel,  under  Ma- 
terials OF  Construction. 

Steel. 

The  Shearing  Resistance  of  Mild  Steel 
in  Punching.  Y.  Sekiguchi.  A  report  of 
tests.  500  w.  Am  Mach — Vol.  32.  No.  10. 
No.  3083. 

The  Hardness  of  Steels  at  Low  Temper- 
atures (La  Durete  des  Aciers  aux  basses 
Temperatures)  M.  F.  Robin.  Gives  the 
results  of  an  experimental  investigation 
of  various  steels.  Ills.  4000  w.  Rev 
de  Metal — Feb.,  1909.     No.  3306  E  -f  F. 

An  Additional  Note  on  thf  Hardness  of 
Heated  Steel  (Note  additionelle  au  Me- 
moire  sur  la  Durete  a  Chaud  des  Aciers). 
M.  F.  Robin.  Ills.  500  w.  Rev  de 
Metal — Feb.,  T909.     No.  3307  E  -j-  F. 

Tool  Steels. 

High-Speed  Tool  Steels.  An  account 
of  actual  tests  carried  out  at  several  Shef- 
field works.  2500  w.  Engr,  Lond — March 
19,  1909.     No.  3625  A. 

MEASUREMENT. 

Dynamometers. 

Nicolson's  Universal  Machine-Tool  Dy- 
namometer. Illustrated  description  of  ap- 
paratus for  determining  the  pressures  on 
the  point  of  the  tool.  1500  w.  Engng — 
Feb.   19,   1909.     No.  2893  A. 


We  supply  copies  of  these  articles.    See  page  319. 
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Hardness. 

Principles  of  the  Scleroscope  for  Meas- 
uring Hardness.     Thomas  J.  Fay.     Illtis 
trated    description    of    the    Shore    sclero- 
scope, explaining  its  uses.    3500  w.    Auto- 
mobile— March  4,  1909.     No.  2966. 

Impact  Test. 

Comparative  Static  and  Dynamic  Tests 
on  Notched  Bars  (Verglcichende  statische 
und  dynamische  Kerbbiegcproben).  A. 
Leon  and  P.  Ludwik.  Results  of  tests  at 
the  Technical  High  School,  Vienna.  Ills. 
2300  w.  Oest  Wochenschr  f  d  Oeffcnt 
Baudienst — Feb.  13,  1909.  No.  3399  D. 
Pyrometry. 

A  Practical  Note  on  Thermo-electric 
Pyrometers.  Charles  H.  Wilson.  An  ar- 
ticle calling  attention  to  a  mistake  often 
made  by  users  of  thermo-electric  pyrome- 
ters. 1500  w.  Elec-Chem  &  Met  Ind — 
March,  1909.  No.  2987  C. 
Testing  Machines. 

A  Bail-Bearing  Testing  Machine  and  Tls 
Work.      Illustrated  description   of  an   ef- 
fective machine  and  its  working.    2500  w. 
Am  Mach — Vol.  32.    No.  9.    No.  2937. 
Torsionmeters. 

Measurement  of  Marine  Engine  Power 
by  Torsionmeters.  Joseph  Menmuir.  Ab- 
stract of  a  paper  read  at  meeting  of  the 
Greenock  Assn.  of  Engrs.  &  Shipbldrs. 
Describes  types  and  their  uses.  3000  w. 
Engr,  Lond — Feb.  19,  1909.     No.  2901  A. 

POWER    AND    TRANSMISSION. 

Air  Compressors. 

See  Electric  Pumping,  under  Hydraulic 
Machinery. 

Belt  Driving. 

The  Transmission  of  Power  by  Leather 
Belting.  Discussion  of  Carl  G.  Barth's 
paper.  16000  w.  Jour  Am  Soc  of  Mech 
Engrs — March,  1909.     No.  3467  F. 

Electric  Driving. 

The  Industrial  Application  of  the  Elec- 
tric Motor,  as  Illustrated  in  the  Gary 
Plant  of  the  Indiana  Steel  Company.  B. 
R.  Shover.  Illustrated  detailed  descrip- 
tion of  the  plant  and  the  applications  of 
electric  power.  9000  w.  Pro  Am  Inst  of 
Elec  Engrs — March,  1909.     No.  3477  F. 

Electric  Main  Drives  in  German  Mills. 
Eugene  Eichel.  Discusses  the  develop- 
ment of  electric  driving  in  Germany.  The 
first  part  illustrates  and  describes  the  gen- 
erators used.  5500  w.  Ir  Trd  Rev — 
March  4,  1909.    Serial,    ist  part.    No.  2961. 

Electric  Power. 

Electricity  and  Its  Application  to  the 
Reduction  of  Waste.  Arnold  B.  Gridley. 
Abstract  of  paper  read  before  the  Cleve- 
land Inst,  of  Engrs.  Considers  its  appli- 
cation to  the  reduction  of  waste  of  capi- 
tal expenditure,  labor,  coal,  oil,  water, 
space,  etc.  3500  w.  Engng — March  5, 
1909.    No.  3174  A. 


Gas  Power. 

The  Gas  Power  Plant  as  a  Means  of 
Fuel  Conservation.  Dr.  Charles  E.  Lucke. 
A  review  of  the  fundamental  principles 
on  which  its  substitution  for  steam  de- 
pends. 2000  w.  Engineering  Magazine — 
April,  1909.     No.  3529  B. 

See  also  Blast-Furnacc  Gas,  undei 
MINING  AND  METALLURGY,  Copper. 
Gas  vs.  Steam. 

Graphical  Comparison  of  Steam  and  Gas 
Engines  as  Power  Producers.  Harold 
Whiting  Slauson.  A  comparison  of  the 
relative  efficiencies,  fuel  consumption  and 
cost.  900  w.  Ir  Age — March  11,  190Q. 
No.  3076. 

Power  Plants. 

The  Design  of  Steam-Electric  Power 
Plants.  Frank  Koester.  Discusses  the  lo- 
cation, general  arrangement,  building,  and 
boilers  in  the  present  number.  Ills,  2500 
w.  Elec  Rev,  N  Y — March  13,  1909.  Se- 
rial.   1st  part.    No.  3130. 

Reducing,  the  Cost  of  Power  in  Works 
and  Factories.  Joseph  A.  Jeckell.  Read 
before  the  Birmingham  and  District  Elec. 
Club,  England.  Brief  consideration  of 
power  waste,  and  the  possible  economies. 
2500  v/.  Ir  '&  Coal  Trd  Rev — March  19, 
1909.     No.  3631   A. 

Power  Equipment  of  the  New  Hecker 
Flour  Mills,  New  York  City.  Briefly  de- 
scribes this  recently  completed  mill  on  the 
East  River,  the  largest  on  the  Atlantic 
Coast.  Describes  the  solution  of  interest- 
ing driving  problems.  Ills.  3500  w.  Eng 
Rec — March  27,  1909.    No.  3542. 

Power-Plant  Testing. 

Trials  of  a  Steam-Turbine  Plant.  A 
report  of  trials  of  a  steam  plant  at  Green- 
vale  Mill,  near  Manchester,  Eng.  The 
mill  is  electricallv  driven  and  the  motors 
are  supplied  with  current  from  a  500-kw. 
Bmsh-Parsons  turbo-alternator.  Ills.  5000 
w.    Engng — Feb.  26,  1909.    No.  3071  A. 

Contmuous  Testing  of  Steam  Plants. 
Tames  E.  Lea.  Abstract  of  paper  before 
the  Manchester  Assn.  of  Engrs.  On  the 
value  of  such  testing  and  its  relation  to 
efficiency  and  economy.  4500  w.  Mcch 
Engr — March  19,  1909.    No.  3609  A. 

Rope  Driving. 

The  Transmission  of  Power  by  Ropes 
Edwin  Kenyon.  Abstract  of  paper  read 
before  the  S.  Wales  Inst,  of  Engrs.  An 
examination  of  the  practical  details  upon 
which  the  success  of  rope-driving  depends, 
giving  a  table  of  h.p.  for  different  sizes. 
Ills.  6000  w.  Engng — March  12,  1909. 
Serial,     ist  part.     No.  3422  A. 

Rope-Driving  at  Rolling  Mills  and  Col- 
lieries. Descriptions  and  illustrations  from 
paper  before  the  S.  Wales  Inst,  of  Engrs. 
1500  w.  Ir  &  Coal  Trds  Rev— March  5, 
1909.    No.  3180  A. 


We  supply  copies  of  these  articles.    See  page  319. 
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Shafting. 

Methods  of  Attaching  Shafting  in  Re- 
inforced Concrete  Buildings,  William  M. 
Bailey.  Read  before  the  Nat.  Assn.  of 
Cement  Users.  Illustrated  description  of 
different  systems  used.  1500  w.  Eng  Rec 
— March  13,  1909.     No.  3108. 

Tidal  Power. 

Tidal  Power.  W.  C.  Horsn?ill.  The 
present  article  describes  some  Ccfrly  tide 
wheel  arrangements,  and  gives  a  study  of 
the  principles  involved.  Ills.  2000  w. 
Engr,  Lond — Feb.  26,  1909.  Serial,  ist 
part.     No.  3073  A. 

Wind  Power. 

Wind  Power.  E.  Lancaster  Burne.  Con- 
siders the  wind  in  its  relation  to  wind- 
mills, the  motor,  and  its  applications.  Ills. 
3000  w.  Engr,  Lond — March  19,  1909. 
Serial,  ist.  part.  No.  3624  A. 

Boiler  Corrosion. 

The  Corrosive  Action  of  Magnesian  and 
Other  Waters  on  Steam  Boilers.  Dr.  J. 
Grossmann.  Reviews  the  investigations 
made  by  H.  Ost,  published  in  1902,  and 
states  the  results.  Also  gives  method  of 
determining  in  a  general  way,  the  effect  of 
different  waters.  2200  w.  Engr,  Lond — 
March  12,  1909.     No.  3424  A. 

Boiler  Design. 

Stresses  on  Cylindrical  Shells.  H.  S 
Jeffrey.  A  mathematical  study.  1200  w. 
Boiler  Maker — March,  1909.     No.  3078. 

The  Riveted  Joints  of  Cylindrical  Boil- 
ers. H.  K.  Spencer.  Discusses  only  the 
joints  commonly  used  in  cylindrical  boil- 
ers. Ills.  4000  w.  Boiler  Maker — March, 
1909.    No.  3,080. 

Boiler  Explosions. 

Boiler  Explosions  During  1908.  Annual 
summary  of  explosions  in  the  United 
States,  Canada  and  Mexico.  400  w.  Lo- 
comotive— Jan.,   1909.     No.  3189. 

Ten  Thousand  Boiler  Explosions.  Re- 
views the  number  of  explosions  in  the 
United  States  and  adjacent  parts  of  Can- 
ada and  Mexico  during  the  period  from 
Oct.  I,  1867,  to  Jan.  I,  1909.  1800  w.  Lo- 
comotive— Jan.,  1909.  No.  3188. 
Boiler  Failures. 

Some  Recent  Board  of  Trade  Reports 
on  Boiler  Failures.  Brief  illustrated  re- 
ports of  16  cases.  2500  w.  Mech  Engr — 
Feb.   19,   1909.     No.  2885  A. 

Boiler  Furnaces. 

Bridgewalls  in  Theory  and  Practice.  W. 
H.  Wakeman.  Describes  defects  in  bridge- 
walls,  some  too  low,  some  too  high,  etc. 
1000  w.  Power — March  9,  1909.  No.  3039. 

Boiler  Management. 

Scientiiic  Boiler  Control.  G.  A.  H.  Binz. 
Before  the  Inst,  of  Marine  Lngrs.  Dis- 
cusses good  and  bad  stoking,  advocating 
the  use  of   CO2  recorders   for  the   auto- 


matic analysis  of  the  products  of  combus- 
tion, and  giving  an  illustrated  description 
of  the  "Sarco"  recorder,  type  B.    4500  w. 
Can  Engr — Feb.  26,  1909.    No.  2868. 
Boilers. 

The  "Yorkshire"  Boiler.  W.  H.  Cas 
mey.  Abstract  of  a  lecture  before  the 
Halifax  Engrs.  &  Firemen's  Assn.  Ex- 
plains its  advantages  over  any  other  boil- 
er of  the  cylindrical  type.  Ills.  2500  w. 
Mech  Engr — March  12,  1909.    No.  341 1  A. 

Boiler  Scale. 

Impurities  Causing  Scale  and  Corrosion. 
J.  C.  William  Greth.  Abstract  of  a  paper 
read  before  the  Am.  Inst,  of  Chem.  Engrs. 
Deals  with  the  general  characteristics  of 
salts,  gases,  and  acids  which  cause  scale 
and  corrosion  in  boilers.  4400  w.  Power 
— March  2,  1909.    No.  2908. 

Incrustation  and  Corrosion.  R.  E. 
M'Namara.  Discusses  causes  and  preven- 
tion in  steam  boilers  and  pressure  vessels. 
Ills.  3000  w.  Boiler  Maker — March, 
1909.  Serial,  ist  part.  No.  3079. 
Boiler  Tests. 

Heat  Transmission  in  Water-Tube  Boil- 
ers Fired  with  Inferior  Lignite  (Der 
Warmeiibergang  am  Wasserrohrkessel  mit 
Befeuerung  durch  minderwertige  Brami- 
kohle).  Paul  Fuchs.  Gives  results  of 
elaborate  boiler  trials  of  lignite  fuel.  Ills. 
5800  w.  Zeitschr  d  Ver  Deutscher  Ing— 
Feb.  13,  1909.    No.  3564  D. 

Boiler  Waters. 

Proper  Treatment  of  Boiler  Feed 
Water.  A.  J.  Boardman.  Gives  data  of 
a  plant  which  reduced  maintenance 
charges  $160  per  month  by  analyzing  and 
treating  feed  water.  2000  w.  Power — 
March  23,  1909.     No.  3438. 

The  Quality  of  Surface  Waters  in  the 
North  Central  States.  R.  B.  Dole.  Pre- 
sents results  of  investigations  carried  out 
by  the  U.  S.  Geol.  Survey.  Discussion. 
9000  w.  Pro  W  Ry  Club — Feb.  16,  1906. 
No.  3193  C 

See  also  Boiler  Corrosion,  under  Steam 
Engineering. 
Condensers. 

Researches  on  Surface  Condensers  for 
Steam  Turbines  (Versuche  iiber  Ober- 
flachenkondensationen,  insbesondere  liir 
Dampfturbinen).  E.  Josse.  An  exhaus- 
tive investigation  of  the  whole  condensa- 
tion problem.  Ills.  Serial,  ist  part.  5500 
w.  Zeitschr  d  Ver  Deutscher  Ing — Feb. 
27,  1909.     No.  3571  D. 

Engine  Balancing. 

Steam  Engine  Counterbalancing.  F.  H 
Ball.  Describes  the  problem  of  balancing 
and  describes  an  engine  in  which  practical- 
ly perfect  balance  has  been  achieved  by 
simple  means.  2000  w.  Ir  Age — March 
18,  1909.    No.  3215. 
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Engine  Efficiency. 

Tlie  Efficiency  of  Heat  Engines.  R.  W. 
Angus.  Read  before  Toronto  Univ.  Engng. 
Soc.  Considers  the  limitations  of  such  en- 
gines and  their  possibilities.  3000  w.  Mech 
Wld — March  12,  1909.    No.  3414  A. 

Engine  Pressures. 

Expensive  versus  Inexpensive  Back 
Pressure.  W.  H.  Wakeman.  Describes 
interesting  examples,  pointing  out  defects. 
Ills.  4500  w.  Power — March  30,  1909. 
No.  3586. 

Engines. 

Engineering  in  the  Eighteenth  Century. 
Edward  P.  Buffet.  Illustrates  and  de- 
scribes quaint  engines  used,  and  features 
of  steam  engineering  practice.  4000  w. 
Power— March  30,  1909.    No.  3587. 

See  also  Gas  vs.  Steam,  under  Power 
AND  Transmission. 

Entropy  Diagram. 

Diagram  of  the  Properties  of  Saturated 
and  Superheated  Steam  at  Various  Tem- 
peratures and  Pressures  (Diagramme  des 
Proprietes  de  la  Vapeur  saturee  et  sur- 
chauffee  aux  differentes  Pressions  et  Tem- 
peratures). J.  Izart.  Describes  an  en- 
tropy diagram  taking  account  of  the  varia- 
tion of  the  specific  heat  with  temperature 
and  pressure.  Ills.  4000  w.  Rev  de  Me- 
can — Feb.,  1909.    No.  3322  E  -f-  F. 

Fuel  Oil. 

Fuel  Economy  Tests.  Discussion  of  iwo 
papers  by  C.  R.  Weymouth  on  tests  of 
fuel  oil.  3500  w.  Jour  Am  Soc  of  Mech 
Engrs — March,  1909.     No.  3466  F. 

Fuels. 

Peat  and  the  Production  of  Power.  Her- 
bert Philipp.  Considers  ways  of  using 
peat  for  power  and  heating  purposes. 
2500  w.  Elec-Chem  &  Met  Ind — March, 
1909.     No.  2988  C 

The  Purchase  of  Municipal  Coal  Sup- 
plies in  New  York  City.  Information  from 
a  report  by  Messrs  Walter  N.  Polakov  and 
William  A.  Russell  to  the  Board  of  Ap- 
portionment of  New  York,  on  preventable 
wastes  and  losses  in  the  plants  of  the  mu- 
nicipal government  of  the  city.  3000  w. 
Eng  Rec — March  20,  1909.     No.  3269. 

See  also  Boiler  Tests,  under  Steam  En- 
gineering. 
Fuel  Testing. 

Comparative  Tests  of  Coal.  Peter  H. 
Bullock.  Describes  a  simple  testing  ap- 
paratus and  tests  made.  1800  w.  Power 
zMarch  16,  1909.    No.  3185. 

Government  Tests  of  Coal  as  Fuel  for 
House  Heating  Boilers.  Reviews  the  U. 
S.  Geol.  Survey  tests  on  sectional  steam 
boilers,  at  St.  Louis,  and  on  sectional  cast- 
iron  and  round  boilers  at  Urbana.  111. 
5000  w.  Heat  &  Vent  Mag — March,  1909. 
No.  3452. 


Heating- Value  Tests  on  Coal,  Coke  and 
Anthracite  (Heizwertversuche  an  Kohlcn, 
Koks  und  Anthrazit).  Hans  Winkelmann. 
Describes  the  method  of  making  calori- 
meter tests  and  gives  results.  Serial,  ist 
part.       1700   w.      Giesserei-Zeitung — Feb. 

15,  1909.     No.  3372  D. 

Heat  Transmission. 

The  Transmission  of  Heat  Through 
Boiler  Plates.  The  first  of  a  series  of 
articles  aiming  to  concentrate  all  the  use- 
ful information  concerning  the  transmis- 
sion of  heat  to  water  under  the  ordinary 
conditions  of  steam  generation.  4500  w. 
Engr,  Lond — Feb.  19,  1909.  Serial,  ist 
part.     No.  2900  A. 

Indicator  Diagrams. 

Indicator  Diagrams.  W.  A.  Tookey. 
Read  before  the  Assn.  of  Engrs. -in- 
Charge.  Gives  some  cards  and  discusses 
the  causes  of  distortion  and  the  remedies. 
1800  w.  Mech  Wld — March  19,  1909. 
Serial,    ist  part.    No.  3610  A. 

Inaccuracies     of     Indicator    Diagrams. 
Julian  C.  Smallwood.     Discusses  the  dis 
tortion  of  pencil   motion,   inaccuracies   in 
mechanism    and    spring   and    methods    of 
calibration.     Ills.  2500  w.     Power — March 

16,  1909.    No.  3184. 

Mechanical  Stokers. 

A  New  Bennis  High-Temperature 
Coking-Stoker.  Illustrated  description  of 
coking-stoker  claiming  high  efficiency. 
1500  w.  Engng — Feb.  19, 1909.  No.  2894  A. 

Piston  Rings. 

Piston  Packing  Rings.  James  Andrews 
Read  before  the  W.  of  Scotland  Assn.  of 
Foremen  Engrs.  Shows  that  the  same 
packing  rings  do  not  behave  alike  in  all 
cases,  and  gives  a  study  of  their  action 
under  various  conditions.  Ills.  6500  w. 
Mech  Engr — March  12,  1909.    No.  3412  A. 

vSafety  Valves. 

Some  Recent  Developments  in  Marine 
Safety-Valves.  J.  Hamilton  Gibson.  Re- 
ports tests  which  indicate  a  striking  ad- 
vance in  safety-valve  design.  Ills.  800 
w.    Engng — Feb.  26,  1909.    No.  3070  A. 

Safety  Valve  Capacity.  Philip  G.  Dar- 
ling. Illustrates  and  describes  a  method 
employed  to  determine  safety  valve  lifts, 
giving  results  of  tests.  4500  w.  R  R  Age 
Gaz — March  5,  1909.     No.  3032. 

Smoke  Prevention. 

The  Reduction  of  Smoke  in  Factory 
Districts  (Zur  Frage  der  Ranch  vermin - 
derung  im  Industriebezirke).  Dr.  Klocke. 
Discusses  the  smoke  nuisance  in  cities  and 
describes  methods  and  apparatus  designed 
to  lessen  it.  Ills.  2800  w.  Stahl  u  Eiscn 
—Feb.  3,  1909.    No.  3358  D. 

Steam  Pipes. 

Flanged  Pipe  Joints  for  High  Pressure. 
William  F.  Fischer.     Illustrates  and  de- 
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scribes  types  of  screwed  joint,  shrunk, 
peened  and  riveted ;  variations  in  lap 
joints,  and  the  welded  flanges.  2500  w. 
Power — March  2,  1909.     No.  2907. 

Prevention  of  Water  Hammer  in  Steam 
Pipes.  Charles  L.  Hubbard.  Discusses 
causes  and  cures.  Ills.  2000  w.  Met 
Work — March  6,  1909.     No.  2981. 

Drawing  High-Pressure  Steaia  Lines. 
William  F.  Fischer.  Discusses  the  effect 
of  water  collecting  in  the  steam  piping, 
and  methods  of  drawing  it.  Ills.  3000  w. 
Power — March  9,  1909.    No.  3040. 

Pipe-Hangers.     W.   H.  Wakeman.     II 
lustrates  and  describes  a  variety  of  con- 
venient   devices.      1800   w.      Elec    Wld — 
March  4,  1909.     No.  2993. 
Steam  Properties. 

Energy  Charts  for  Steam.  R.  M.  Neil- 
son.  Gives  charts  prepared  by  the  writer 
with  explanation  of  their  use.  Plate.  1500 
w.     Power — March  16,  1909.     No.  3187. 

A  New  Determination  of  the  Saturation 
Pressure  of  Steam  Between  50  and  200 
Degrees  (Eine  neue  Bestimmung  des  Sat- 
tigungsdruckes  von  Wasserdampf  zwischen 
50  und  200°).  L.  Holborn  and  F.  Hen- 
ning.  Report  from  the  Physikalisch- 
Technischen  Reichsanstalt.  2200  w. 
Zeitschr  d  Ver  Deutscher  Ing — Feb.  20, 
1909.    No.  3569  D, 

See  also  Entropy  Diagram,  under  Steam 
Engineering. 

Stoking. 

Firemen  (Du  Chauffeur).  Ant.  Michot. 
Discusses  the  training  of  firemen,  the  prin- 
ciples of  economical  stoking,  the  Liege 
firemen's  competition,  etc.  Serial.  isL 
part.  4000  w.  All  Indus — Feb.,  1909.  No. 
3328  D. 

Superheating. 

Superheat  and  Its  Advantages.  Vernon 
Smith.  Considers  the  advantages  and  dif- 
ficulties of  superheating.  2500  w.  Prac 
Engr — March   19,   1909.     No.  3605  A. 

Turbine  Efficiency. 

Steam-Turbine  Efficiency.  Editorial  on 
the  inaccuracy  of  the  statement  that  the 
efiiciency  is  less  when  the  number  of 
stages  is  increased.  2500  w.  Fngng — 
Feb.  19,  1909.    No.  2895  A. 

Turbine  Nozzles. 

The  Temperature  Gradient  in  De  Laval 
Steam- Nozzles  (Abridged).  Cyril  Batho. 
Describes  researches  made  to  determine 
the  temperature  gradient  along  a  steam- 
turbine  nozzle.  4000  w.  Inst  of  Civ 
Engrs— No.  3713.    No.  3205  N. 

Turbine  Plants. 

Typical  Low-Pressure  Steam  Turbine 
Plant.  J.  R.  Bibbins.  A  double-flow  tur- 
bine utilizing  the  exhaust  of  two  750-kw. 
Corliss  engines  is  described.  Ills.  2000 
w.     Power— March  16,  1909.     No.  3183. 


Plant  in  Public  Service  Building,  Mil- 
waukee. Osborne  Monnett.  Illustrated 
description  of  a  large  non-condensing  tur- 
bine plant,  operating  against  22  pounds 
absolute  back  pressure,  to  furnish  ex- 
haust steam  for  district  heating.  2500  w. 
Power — March  9,  1909.     No.  3037. 

Turbines. 

The  Increased  Expansion  of  Steam  At 
tainable  in  Steam  Turbines.  Hon.  C.  A. 
Parsons.  The  James  Watt  lecture  at 
Greenock.  The  fundamental  principles  of 
steam,  discovered  by  Watt  and  their  ap- 
plications, especially  in  steam  turbines.  5000 
w.    Nature — Feb.  25,  1909.    No.  3043  A. 

The  Field  and  Future  of  the  Low-Pres- 
sure Steam  Turbine.  Ira  N.  Hollis.  This 
first  article  of  a  series  discusses  the  fun- 
damental theory  and  fields  of  usefulness. 
4000  w.  Engineering  Magazine — April, 
1909.     No.  3,524  B. 

The  Steam  Turbine  for  Use  with  Mixed 
Loads  (Die  Dampf turbine  in  Betrieben 
mit"  gemischtem  Energiebedarf).  A. 
Dahme.  Illustrates  and  discusses  the  use 
of  low-pressure  turbines  in  plants  where 
steam  is  used  for  a  variety  of  purposes. 
2200  w.  Zeitschr  f  d  Gesamte  Turbinen- 
wesen — Feb.  10,  1909.     No.  3378  D. 

Steam  Turbines,  with  Special  Reference 
to  the  Zoelly  Turbine  (Stoomturbines  met 
speciale  Vermelding  der  Zoelly-Stoom- 
turbine).  J.  Strumphler.  Discusses  their 
design  and  operation.  Ills.  6000  w.  De 
Ingenieur — Feb.  13,  1909.     No.  3573  D. 

The  Kolb  Electra  Steam  Turbine  (Tur- 
bines a  Vapeur  electra,  Systeme  Kolb). 
A.  Mauduit.  Illustrated  detailed  descrip- 
tion. Serial,  ist  part.  2400  w.  Genie 
Civil — Feb.  13,  1909.     No.  3343  D. 

See  also  Condensers,  under  Steam  En- 
gineering ;  and  Steam  Turbines,  under 
MARINE  AND  NAVAL  ENGINEER- 
ING. 

Turbine  Tests. 

Tests  of  a  150-Kilowatt  Steam  Turbine 
(Versuche  an  einer  Rateau-Dampf turbine 
von  150  KW.).  Anton  Gramberg.  De- 
scribes the  tests  and  gives  the  results  in 
curves.  Ills.  3500  w.  Zeitschr  d  Ver 
Deutscher  Ing — Feb.  13,  1909.  No.  3562  D. 

Tests  of  a  300-Kilowatt  Parsons  Tur- 
bine (Untersuchung  einer  300  KW-  Par- 
sonsturbine).  W.  Gensecke.  A  compre 
hensive  discussion  of  a  very  thorough  test. 
Ills.  Serial,  ist  part.  3000  w.  Zeitschr 
f  d  Gesamte  Turbinenwesen — Feb.  2y, 
1909.    No.  3381  D. 

See  also  Power-Plant  Testing,  under 
Power  and  Transmission. 

Valve  Gears. 

Marine  Engine  Valves  and  Valve  Pass- 
ages. Albert  H.  Ziegler.  Discusses  their 
design  in  detail.  Ills.  5500  w.  Rudder — 
March,  1909.    No.  3128  D. 
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TRANSPORTING    AND    CONVEYING. 

Bucket  Elevators. 

Mechanical  Elevator.  T.  A.  Rickard. 
Illustrates  and  describes  a  macliine  de- 
vised for  conditions  in  Alaska,  in  hand- 
ling the  gravel  deposits  by  cither  the  hy- 
draulic or  dredging  methods.  1600  w. 
Min  &  Sci  Pr — March  20,  1909.     No.  3505. 

Cableways. 

The  Wetterhorn  Cableway  at  Grindel- 
wald,  Switzerland  (Le  Funiculaire  du 
Wetterhorn   a   Grindelwald,    Suisse).     II- 

•  lustrated  description  of  a  long  span  rope- 
way up  the  side  of  the  Wetterhorn.  Plate. 
Genie  Civil — Feb.  13,  1909.     No.  3340  D. 

Coal  Handling. 

Electric  Suspension  Railways  for  Hand- 
ling Coal  and  Coke.  F.  A.  Talbot.  Il- 
lustrates and  describes  plants  recently 
erected  in  Germany.  1700  w.  Elec  Wld 
— Feb.  25,  1909.     No.  2869. 

New  Coal  and  Ore  Loading  Plant  at 
Schweigern.  Illustrates  and  describes  an 
ext-ensive  plant.  1500  w.  Ir  &  Coal  Trds 
Rev— March  5,  1909.     No.  3178  A. 

Conveyors. 

The  Belt  Conveyor  in  Railway  Build- 
ing. C.  Kcmble  Baldwin.  Describes 
adaptation  of  belt  conveyors  to  this  class 
of  service.  2500  w.  R  R  Age  Gaz 
— March  26,  1909.    No.  3519. 

A  Notable  Conveyor  Installation.  Il- 
lustrated description  of  the  link-belt 
equipment  in  the  Champion  Fiber  Com- 
pany's works.  1800  w.  Ir  Age — March 
4,  1909.     No.  2931. 

See  also  Ore  Handling,  under  Trans- 
porting AND  Conveying. 

Cranes. 

Traveling  Cranes  for  Building  Concrete 
Lock  Walls  at  Brownsville.  Outlines  the 
work  in  progress,  especially''  describing  the 
huge  gantry  cranes,  running  on  a  track- 
way supported  on  pile  trestles,  which  has 
proved  its  efficiency.  Ills.  2500  w.  Eng 
Rec — Feb.  27,  1909.     No.  2845. 

Crane  Trolleys. 

Electrically  Operated  Crane  Trolleys 
(Motorlaufwinden).  C.  Michenfelder.  Il- 
lustrates and  describes  several  types  of 
electric-crane  trolleys  and  hoists.  Serial, 
ist  part.  1200  w.  Elektrotech  Rundschau 
—Feb.  10,  1909.     No.  3555  D. 

Derricks. 

Steel  Derricks  for  Erecting  Tall  Build- 
ings.    Illustrated   description   of   derricks 
used  in   New   York   City.      1200  w.     Eng 
Rec — March  27,   1909.     No.   3538. 
Ore  Handling. 

Shipping  Iron  Ore  at  Aquilas,  Spain. 
(Abridged.)  Gustave  Gillman.  Illus- 
trates and  describes  the  arrangements  for 
loading  and  storing.  2500  w.  Inst  of  Civ 
f^ngrs — No.  3716.     No.  3204  N. 


Handling  Ore  at  Copper  Queen  Mines, 
Bisbec.  Walter  Gardner.  Includes  elec- 
tric haulage  underground,  and  the  trans- 
fer to  railroad  cars  by  means  of  belt  con- 
veyors. Ills.  1200  w.  Eng  &  Min  Jour — 
March  13,  1909.     No.  3117. 

See  also  Coal  Handling,  under  Trans- 
porting AND  Conveying;  and  Docks,  un- 
der CIVIL  ENGINEERING,  Water- 
ways AND  Harbors. 

Transporters. 

The  Barry  Transporter.  Illustrated  de- 
scription of  the  present  form  of  this 
transporter,  calling  attention  to  improve- 
ments introduced.  2500  w.  Engng — 
March  5,  1909.     No.  3166  A. 

MISCELLANY. 

Aeronautics. 

Lectures  on  Aviation  (Conferences  sur 
I'Aviation).  M.  Renard.  The  first  dis- 
cusses aerodynamics,  the  resistance  of  the 
air  and  its  influence  on  aviation  problems, 
etc.  Serial,  ist  part.  6300  w.  Bui  Soc 
d'Encour — Jan.,   1909.     No.  3310  G. 

Modern  Aeronautics  (Ueber  moderne 
Flugtechnik).  Artur  Boltzmann.  An  il- 
lustrated review  of  aeronautic  theory  and 
achievements.  Serial,  ist  part.  2000  w. 
Zeitschr  d  Oest  Ing  u  Arch  Ver — Feb.  5, 
1909.     No.  3397  D. 

The  Flight  of  Birds.  F.  W.  Lanchcs- 
ter.  An  illustrated  study.  3500  w.  Engr. 
Lond — teb.  19,  1909.  Serial,  ist  part. 
No.  2903  A. 

The  Role  of  Viscosity  in  Air  Support 
of  a  Moving  Aeroplane.  Frank  W.  Very. 
Gives  theories  and  experiments  of  vari- 
ous investigators,  especially  considering 
Prof.  Langley's  views  which  the  writer 
.believes  to  be  wrong.  7000  w.  Tech  Qr 
— Dec,  1908.     No.  3441  E. 

The  Stability  of  Aeroplanes  (Stabilite 
dcs  Aeroplanes. — Surface  metacentriqueV 
M.  Brillouin.  An  elaborate  mathematical 
discussion  of  the  conditions  of  stability 
and  the  design  of  aeroplanes.  Ills.  Se- 
rial, ist  part.  6500  w.  Rev  de  Mecan— 
Feb.,  1909.     No.  3319  E  +  F- 

The  Design  of  Aeroplanes  (Die  Be- 
rechnung  von  Gleitfliegern).  A.  Bau- 
mann.  A  mathematical  discussion.  Ills. 
Serial,  ist  part.  5500  w.  Zeitschr  d  Ver 
Deutscher  Ing— Feb.  20,  1909.    No.  3566  D. 

A  Note  on  the  Theory  and  Construc- 
tion of  Aeroplanes  and  Their  Propellers 
(Beitrag  zur  Theorie  und  Konstruktion 
der  Drachenflieger  und  Luftschrauben). 
G.  Killat.  Mathematical  discussion  of 
propeller  design.  Ills.  3700  w.  Der  Mo- 
torwagen— Feb.  20,  1909.     No.  3393  D. 

Tests  of  Stationary  Aerial  Propellers 
(Essais  d'Helices  au  Point  fixe).  M. 
Boyer-Guillon.  Gives  results  obtained  in 
the  Conservatoire  National  des  Arts  et 
Metiers.  Ills.  4000  \V.  Rev  de  Mecan — 
Feb.,  1909.    No.  3320  E  4-  F. 
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Progress  in  the  Construction  of  Flying 
Machines  (Fortschritte  in  der  Konstruk- 
tion  dynamischer  Flugapparate).  Ansbert 
Vorreiter.  A  review  of  the  more  recent 
aeroplanes.  Ills.  2200  w.  Zeitschr  d 
Mit  Motorwagen-Ver — Feb.  28,  1909.  No. 
3392  D. 

The  British  Army  Aeroplane.  An  il- 
lustrated article  giving  some  impressions 
and  comparisons.  2000  w.  Auto  Jour — 
Feb.  27,  1909.     No.  3048  A. 

Test  of  the  Bell  Tetrahedral  Cell  Aero- 
plane in  Nova  Scotia.  Illustrated  ac- 
count. 500  w.  Sci  Am — March  13,  1909. 
No.  3133- 

The  Human  Side  of  Flying.  H.  Mas- 
sac Buist.  An  attempt  to  introduce  the 
reader  to  Messrs.  Orville  and  Wilbur 
Wright  at  Pau.  Ills.  1500  w.  Auto  Jour 
— March  6,  1909.  Serial,  ist  part.  No. 
3145  A. 

On  Dirigible  Balloons.  Discusses  prog- 
ress shown  in  recent  types,  some  of  the 
risks,  and  a  few  disasters.  3500  w. 
Engng — March  5,  1909.    No.  3165  A. 


Efficiency. 

Efficiency.  Alfred  T.  Best.  An  ex- 
planation of  the  technical  meaning  of  ef- 
ficiency, giving  particulars  of  the  ratios 
usually  obtained  in  various  types  of  ma- 
chinery, and  examples  of  calculations. 
2000  w.  Mech  Engr — March  19,  1909. 
No.  3608  A. 

Review  of  1908. 

Mechanical  Engineering  in  1908  (La 
Mecanique  en  1908)).  M.  G.  Richard 
A  general  review  of  progress,  particularly 
in  steam  engineering.  Ills.  6000  w.  Bui 
Soc  d'Encour — Jan.,  1909.     No.  3309  G. 

Sugar  Machinery. 

The  Hyros-Rak  Diffusion  Plant.  Illus- 
trated description  of  an  apparatus  de- 
signed for  extracting  sugar  from  beet  by 
a  continuous  process  of  diffusion.  900  w. 
Engng — Feb.  26,  1909,    No.  3064  A. 

A  Large  Sugar-Cane  Mill.  Illustrated 
description  of  a  new  eleven-roller  sugar- 
cane mill,  said  to  be  the  largest  and  most 
powerful  yet  constructed.  1000  w.  Engr, 
Lond — Feb.  19,  1909.     No.  2902  A. 


MINING  AND  METALLURGY 


COAL  AND  COKE. 
Bengal. 

The  Coal  Mining  Industry  in  Bengal. 
Glen  George.  Information  concerning  the 
coals,  methods  of  working,  labor  and 
costs.  Ills.  2500  w.  Eng  &  Min  Jour — 
March  13,  1909.     No.  3120. 

Briquetting. 

Coal  Briquetting  at  the  Hartshorns 
Plant.  Charles  T.  Malcomson.  Illustrat- 
ed description  of  plant  and  process  of 
making  briquettes  from  slack.  3000  w. 
Mines  &  Min — March,  1909.     No.  2951  C 

Coal  Cutting. 

Coal  Cutting  by  Machinery  in  England. 
J.  Hinton.  Brief  notes  expressing  opin- 
ions of  mining  experts.  800  w.  Eng  & 
Min  Jour — March  2y,  1909.     No.  3533. 

Electric  Coal  Cutting  at  the  Julius  V 
Colliery,  Bn'ix  (Ueber  den  elektroma- 
schinellen  Schrambetrieb  am  k.  k. 
Schachte  Julius  V  bei  Briix).  Oskar 
Mayer  and  Jaroslav  Plzak.  Describes  the 
Siemens-Schuckert  machines  used,  the 
practice,  and  the  results.  Ills.  2600  w. 
Oest  Zeitschr  f  Berg  u  Hiittenwesen — 
Feb.  2y,    1909.     No.   3368  D. 

Coke  Ovens. 

An  Elongated  Coke  Oven.  W.  R.  EU 
liott.  Illustrated  description  of  a  method 
of  coking  by  which  coal  is  charged  into 
ovens  on  trains  of  cars  and  hauled  out 
when  coked.  2500  w.  Mines  &  Min— 
March,  1909.     No.  2953  C. 


Progress  in  By-Product  Coke  -  Oven 
Construction  at  Indianapolis.  Illustrated 
detailed  description  of  plant  to  supply 
both  gas  and  fuel.  2500  w.  Pro  Age — 
March  15,   1909.     No.  31 16. 

Coke-Squeezing  Machines. 

Electrically  Operated  Coke  -  Squeezing 
Machines.  Alfred  Gradenwitz.  Illustrat- 
ed descriptions  of  machines  at  European 
mines.  800  w.  Eng  &  Min  Jour — March 
27,  1909.     No.  353,2. 

Coking. 

Washed  Coal  for  Coke  Making.  Wal- 
ter J.  May.  Brief  consideration  of  the 
possibility  of  making  good  coke  from  coal 
wastes-  1200  w.  Prac  Engr — March  12, 
1909.     No.  3409  A. 

See  also  Washing,  under  Coal  and 
Coke. 

Coking  Plants. 

Coking  Plant  at  the  Midland  Coal, 
Coke  and  Iron  Company,  Limited,  Ape- 
dale,  Staffs.  Illustrated  description.  1500 
w.  Ir  &  Coal  Trds  Rev — March  19,  1909. 
No.  3630  A. 

Gas  and  Electric  Plants  at  Collieries. 
Mr.  Holt.  Paper  read  before  the  Nat. 
Assn.  of  Col.  Mgrs.  Deals  principally 
with  the  plants  at  the  Powell  Duffryn  Col- 
liery. 3500  w.  Ir  &  Coal  Trds  Rev- 
March  5,  1909.  No.  3181  A. 
Electric  Power. 

The  Application  of  Electricity  to  Min- 
ing.    W.  E.  Dickinson.     Specially  consid- 
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ers  the  application  of  electricity  to  coal 
mining,  and  the  advantage  of  an  a.  c.  sys- 
tem. 2500  w.  Sibley  Jour  of  Engng — 
Feb.,  1909.     No.  3251  C 

Electric  Installations  of  the  Laura  and 
Vereeniging  Collieries  (Installations  elec- 
triques  des  Charbonnages  reunis  Laura  et 
Vereeniging).  Albert  Genart.  Illustrat- 
ed description  of  the  plants  of  this  com- 
pany in  Holland.  6800  w.  All  Indus— 
Feb.,  1909.     No.  3325  D. 

See  also  Coking  Plants,  under  Coal 
AND  Coke. 

Explosions. 

Ignition  of  Firedamp  Mixtures  by  In- 
candescent Electric  Filaments  and  Sparks. 
H.  Couriot  and  J.  Meunier,  in.  Bui.  Soc. 
Indus.  Min.  Report  of  tests.  900  w.  Col 
Guard — Feb.  26,  T909.     No.  3061  A. 

Lick  "Branch  Disaster.  H.  H.  Stoek. 
Maps  and  description  of  the  mine,  with 
reports  of  the  mining  inspectors  and  other 
investigators.  7000  v^.  Mines  &  Min — 
March,  1909.     No.  2954  C. 

Illinois. 

Coal  Deposits  and  Oil  Field  Near  Du- 
quoin,  111.  Jon  Udden.  Describes  the 
geolog}',  the  deposits  and  production.  2000 
w.    Mm  Wld — March  13,  1909.    No.  3126. 

Mining. 

Maximum  Recovery  of  Coal.  H.  V. 
Hesse.  Shows  the  waste  of  early  meth- 
ods of  mining  in  the  Georges  Creek  re- 
gion, suggesting  more  economic  methods. 
Ills.  4400  w.  Mines  &  Min — March, 
1909.     No.  2957  C. 

I.  Notes  on  Working  Thick  Coal.  II. 
Brickwork  Dams  in  Thick  Coal.  Two 
short  papers  by  Lawrence  Holland,  with 
short  discussion.  4000  w.  Col  Guard — 
Feb.  19,  1909.     No.  289T  A. 

The  Best  Methods  of  Working  Seams 
of  Coal  in  Steep  Measures.  H.  A.  Sta- 
ples. From  a  prize  paper,  Lewis  Prize 
Competition,  1908.  Ills.  2500  w.  Col 
Guard — March  19,  1909.  Serial,  ist  part. 
No.  3613  A. 

Progress  and  Improvements  in  Mining 
in  Austria  (Fortschritte  imd  Verbesser- 
ungen  beim  Bergbaubetrieb  in  Oester- 
reich).  The  first  part  of  the  serial  dis- 
cusses improvements  in  hoisting  methods 
and  appliances.  Ills.  Serial,  ist  part. 
1200  w.  Oest  Zeit  f  Berg  u  Hiittenwesen 
—Feb.  6,  1909.     No.  3366  D. 

See  also  Coal  Cutting,  under  Coal  and 
Coke;  and  Haulage,  under  Mining. 
Montana. 

The  Great  Falls  Coalfield  in  Montana. 
A,  T.  Shurick.  Describes  the  deposit,  re- 
viewing past  and  present  operations, 
methods,  etc.  Ills.  2500  w.  Eng  &  Min 
Jour — March  20,  1909.  No.  3261. 
New  Zealand. 

See  same  title,  under  Gold  and  Silver. 


Peat. 

The  Peat  Resources  of  the  United 
States.  Charles  A.  Davis.  A  summary 
of  their  extent  and  uses.  450c  w.  Engi- 
neering Magazine — April,  1909.  No.  3528  B. 

See  also  Fuels,  under  MECHANICAL 
ENGINEERING,  Steam  Engineering. 

Production. 

The  World's  Coal  Production  and  Con- 
sumption. Information  from  the  annual 
statement  of  the  Board  of  Trade.  3000  w. 
Col  Guard— Feb.  26,  1909.     No.  3062  A. 

Rescue  Appliances. 

Recent  Advances  in  Means  of  Saving 
Life  in  Coal  Mines.  Abstract  of  a  lec- 
ture by  Sif"  Henry  Cunyngham.  De- 
scribes some  of  the  dangers  in  mining, 
and  improvements  in  safety  lamps,  explo- 
sives, and  rescue  apparatus.  4000  w.  Col 
Guard — Feb.  26,  1909.    No.  3,060  A. 

Screening. 

The  "Perfex"  Stone  Screening  Ma- 
chine. Illustrates  and  describes  this  im- 
proved machine  and  its  operation.  1000 
w.  Col  Guard— March  5,  1909.  No. 
3162  A. 

Washing. 

Washing  and  Coking  Tests  of  Coal  at 
the  Fuel-Testing  Plant,  Denver,  Colo., 
July  I,  1907,  to  June  30,  1908.  A.  W. 
Belden,  G.  R.  Delamater,  and  J.  W. 
Groves.  Describes  investigations  under- 
taken by  the  U,  S.  Government  for  the 
purpose  of  increasing  efficiency  in  the 
utilization  of  the  fuel  supply.  Ills.  9500 
w.   U  S  Geol  Surv— Bui.  368.   No.  3197  N. 

COPPER. 

Arizona. 

The  Copper  Creek  Mining  District, 
Arizona.  R.  Roy  Sibley.  Map,  plans, 
and  information  in  regard  to  this  new 
and  promising  copper  mining  district. 
1500  w.  Min  Wld— March  13,  1909.  No. 
3125. 

Australia. 

Recent  Mineral  Discoveries,  Northern 
Territory.  H.  Y.  L.  Brown.  An  account 
of  discoveries  of  copper  ores,  carrying 
gold,  silver  and  some  lead,  arsenic,  etc. 
4000  w.  Aust  Min  Stand — Jan.  20,  27, 
1909.     Serial,  2  parts.    No.  3044  each  B. 

The  Mining  Industry  in  Queensland. 
Gerard  W.  Williams.  Describes  the  cop- 
pcr-lead-silver  mines  near  Chillagoe  and 
the  smelting  methods.  4000  w.  Eng  & 
Min  Jour — March  20,  1909.     No.  3265. 

Queensland's  Great  Copper  Field.  John 
Plummer.  Information  concerning  the 
Cloncurry  field.  1200  w.  Min  Wld — 
March  6,  1909.     No.  3020. 

The  Mount  Morgan  Gold  and  Copper 
Mine.  Gerard  W.  Williams.  Illustrated 
description  of  the  deposits,  methods  of 
mining  and  milling.  2500  w.  Eng  &  Min 
Jour — March  27,  1909.     No.  3531. 
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Blast-Furnace  Gas. 

Power  from  Copper  Blast-Furnace 
Gases.  Robert  Schorr.  Information  con- 
cerning the  furnaces  at  Mansfeld,  Ger- 
many, and  their  operation.  They  yield 
gas  for  power  equivalent  to  7.4  h.p.  per 
ton  of  ore  treated.  2000  w.  Eng  &  Min 
Jour — Feb.  27,  1909.     No.  2864. 

British  Columbia. 

Mining  on  the  Queen  Charlotte  Islands, 
B.  C.  J.  F.  Bledsoe.  An  illustrated  ar- 
ticle giving  information  in  regard  to  cop- 
per deposits  of  value.  2000  w.  Min  Wld 
— March  20,  1909.     No.  3436. 

Mining  Methods  and  Equipment  at  the 
British  Columbia  Copper  Company's 
Mother  Lode  Mine.  M.  D.  Mcintosh. 
Read  before  the  Can.  Min.  Inst.  A  brief 
description  of  the  system.  1000  w.  Can 
Min  Jour — March  15,  1909.     No.  3260. 

California. 

The  Balaklala  Consolidated  Copper 
Company.  Abstract  of  an  official  report 
giving  a  statement  of  the  general  con- 
ditions and  summaries  of  mine  and  smelt- 
er operations  for  1908.  Ills.  1500  w.  Eng 
&  Min  Jour — March  6,  1909.    No.  2980. 

Extraction. 

A  New  Process  for  Reducing  Copper. 
O.  Froelich.  Condensed  translation  from 
Elektrochemische  Zeit.  Gives  a  new 
method  for  all  grades  of  ores,  which  can 
be  applied  at  the  mine.  2000  w.  Sci  Am 
Sup — March  27,  1909.     No.  3583. 

Lake  Superior. 

The  Localization  of  Values  in  Ore 
Bodies  and  the  Occurrence  of  Chutes  in 
Metalliferous  Deposits.  Edwin  E.  Chase. 
Comments  on  a  specimen  boulder  from 
the  Calumet  and  Hecla  conglomerate,  and 
its  bearing  on  the  distribution  of  copper 
in  the  Lake  Superior  copper  lodes.  4500 
w.     Ec-Geol — March,  1909.     No.  3257  D. 

Norway. 

Ore  Reduction  at  the  Telemarken  Cop- 
per Mine,  Norway.  W.  E.  Bennett.  Il- 
lustrated description  of  a  concentrating 
plant  using  the  vacuum  process  direct 
without  intermediary  treatment.  1600  w. 
Min  Jour — March  13,  1909.     No.  3415  A. 

Quebec. 

The  Opasatika  Lake  District,  Province 
of  Quebec.  '  Fritz  Cirkel.  Brief  account 
of  copper  bearing  veins  in  an  inaccessible 
district.  Map.  1200  w.  Eng  &  Min 
Jour — Feb.  27,  1909.  No.  2862. 
Smelters. 

An  Up-to-Date  30-Ton  Copper  Smelt- 
ing Plant.  Charles  C.  Christensen.  Dis- 
cusses smelting  mixtures,  the  power  plant, 
furnace  and  blower.  Ills.  1500  w.  Min 
Wld— Feb.  27,  1909.  No.  2866. 
Sweden. 

See  Sulphur,  under  Minor  Minerals. 


GOLD  AND  SILVER. 
Alaska. 

See  Placers,  under  Gold  and  Silver. 
Arizona. 

Mining  and  Milling  in  Tombstone  Dis- 
trict, Ariz.  S.  F.  Shaw.  Describes  meth- 
ods of  unwatering,  mining  and  ore  treat- 
ment. Ills.  1200  w.  Min  Wld — March 
27,  1909.  No.  3546. 
Australia. 

The  Southern  End  of  the  Bendigo 
Goldfield.  Donald  Clark.  Plans  and  re- 
port of  opportunities  for  further  work. 
1200  w.  Aust  Min  Stand — Jan.  13,  1909. 
Serial,  ist  part.     No.  3046  B. 

East  Murchison  Goldfield,  Western 
Australia.  Reviews  recent  reports  by 
Charles  G.  Gibson  and  A.  Montgomery, 
discussing  the  prospects  of  Wiluna  and 
other  centers.  4000  w.  Aust  Min  Stand 
— Feb.  10,  1909.     No.  3140  B. 

See  also  same  title,  under  Copper;  and 
Stoping,  under  Mining. 

Colombia. 

Travel  in  Colombia.  Courtenay  De 
Kalb.  Explains  conditions  in  this  coun- 
try of  the  tropics,  and  rhe  promising  out- 
look for  gold  mines.  2000  w.  Min  &  Sci 
Pr — March  6,   1909.     No.  3090. 

Mining  Industry  of  Antioquia,  Colom- 
bia, S.  A.  Silas  H.  Wright.  An  illus- 
trated description  of  this  richly  mineral- 
ized region,  and  the  conditions  existing 
there.  The  present  number  considers 
mainly  the  auriferous  gravel  deposits. 
4500  w.  Min  Wld — March  20,  1909.  Se- 
rial, 1st  part.  No.  3434. 
Cyaniding. 

Precipitation  from  Cyanide  Solutions 
by  Zinc  Shavings  and  Dust:  A  Compari- 
son of  Results  and  Costs.  Allen  J.  Clark. 
1000  w.     Jour  Chem,  Met  &  Min  Soc  of 

5  Africa — Jan.,  1909.     No.  3143  E. 

Cyaniding  Silver  Ore  in  Honduras. 
George  E.  Driscoll.  Describes  the  treat- 
ment, giving  results  that  show  the  silver 
ores  are  amenable  to  cyanidation.  Ills. 
2000  w.  Min  &  Sci  Pr — March  13,  1909. 
No.  3230. 

Treatment  of  the  Gold  and  Silver  Pre- 
cipitate at  Dos  Estrellas.  Walter  Neal. 
Describes  method.  800  w.  Min  &  Sci  Pr 
— Feb.  27,  1909.     No.  2950. 

The  Standard  Consolidated  Cyanide 
Mill.  S.  F.  Shaw.  Describes  methods 
used  at  Bodie,   Cal.     Ills.     1500  w.     Eng 

6  Min  Jour — March  6,  1909.     No.  2977. 

Hydraulic  Mining. 

See  Bucket  Elevators,  under  ME- 
CHANICAL ENGINEERING,  Trans- 
porting and  Conveying. 

Mexico. 

Progress  in  Mexican  Metallurgy.  Kirby 
Thomas.  Reviews  the  progress  of  the 
last  25  years  especially,  and  the  promise 
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of  success  in  treating  the  low-grade  ores. 
1200  w.  Min  Jour — March  20,  1909.  No. 
3612  A. 

Santa  Barbara  Mine,  Chihuahua,  Mex- 
ico. Describes  the  mining  operations  on 
a  larg£  body  of  silver  ore.  2500  w.  Mines 
&  Min — March,   1909.     No.  2955  C. 

Nevada. 

The  Mines  and  Mills  of  Tonopah,  Ne- 
vada. G.  E.  Wolcott.  Illustrates  and  de- 
scribes methods  used  in  these  gold-silver 
mines.  Cyanide  mills  now  treat  the  low- 
grade  ore.  1200  w.  Eng  &  Min  Jour — 
March  20,  1909.    No.  3263. 

See  also  Open  Cut,  under  Mining  ; 
Gold  Milling,  under  Ore  Dressing  and 
Concentration. 

New  Zealand. 

The  Geology  of  the  Mikouni  Subdi- 
vision, North  Westland.  Percy  Gates 
Morgan.  An  illustrated  description  of 
the  region,  the  alluvial  mining,  and  the 
deposits  of  gold,  silver,  coal,  and  infor- 
mation concerning  other  industries.  6000 
w.  N  Z  Mines  Rec — Jan.  16,  1909.  Se- 
rial, ist  part.    No.  3042  B. 

Placers. 

Placer  Gold  Mining  in  Interior  Alaska. 
Information  concerning  conditions,  meth- 
ods, and  prospecting.  4000  w.  Eng  & 
Min  Jour — March  20,  1909.    No.  3262. 

Rand. 

The  Origin  of  the  Gold  of  the  Rand 
Goldfield.  John  W.  Gregory.  Summary 
of  a  paper  read  and  discussed  before  the 
Inst,  of  Min.  &  Met.  Examines  the  theo- 
ries advanced.  Ills.  3500  w.  Ec-Geol — 
March,  1909.    No.  3254  D. 

Interesting  Study  of  the  Transvaal  Ore 
Deposits.  Etienne  A.  Ritter.  Briefly  ex- 
plains the  geology  and  petrography,  giv- 
ing the  four  hypotheses  advanced  to  ac- 
count for  the  deposition  of  the  gold.  1200 
w.  Min  Wld — March  13,  1909.  No.  3127. 
See  also  Labor,  under  Mining. 
Refining. 

Apparatus  for  Electrolytic  Refining  of 
Precious  Metals.  H.  Lacroix.  Illustrat- 
ed description  of  an  improved  electro- 
lytic refining  apparatus  and  its  operation. 
1800  w.  Elec-Chem  &  Met  Ind— March, 
1909.  No.  2982  C. 
Utah. 

Properties  of  the  Silver  King  Coalition 
Co.,  Utah.  Duncan  MacVichie.  History 
and  illustrated  description,  from  the  last 
annual  report.  3000  w.  Min  Wld — 
March  6,  1909.     No.  3017. 

IRON  AND   STEEL. 
Assaying. 

Methods  for  the  Determination  of  Iron 
in  Ores.  Richard  K.  Meade.  Gives  three 
methods  of  analysis  in  use  many  years  in 
the  laboratory  of  the  writer.  4000  w.  Min 
Wld — March  27,  1909.   No.  3543. 


Bessemer  Process. 

The  Basic  Bessemer  Process.  Abstract 
translation  from  Stahl  und  Risen  of  re- 
sults of  an  exhaustive  chemical  investiga- 
tion by  German  engineers.  2800  w.  Ir 
Age — March  18,  1909.   No.  3213. 

Blast-Fumace  Charging. 

Blast-Furnacc  Chargers.  Illustrates  and 
describes  various  types  of  chargers  in  use 
in  Europe.  2800  w.  Ir  &  Coal  Trds  Rev 
— March  12,  1909.     No.  3429  A. 

Blast-Fumace  Gas. 

The  Development  of  Blast-Furnace  Gas 
Purifying.  C.  Flossel.  Brief  review  of  de- 
vices tried,  with  ilhistrated  description  of 
a  new  design  of  an  axial  purifying  plant. 
1000  w.  Ir  &  Coal  Trds  Rev — March  19, 
1909.    No.  3629  A. 

Blast-Furnace  Practice. 

Old  and  Modern  Practice  in  Blowing-in 
Blast  Furnaces  (Die  Inbetriebsetzung  von 
Hochofen  sonst  imd  jetzt).  Fritz  W.  Liir- 
mann.  A  comparison  of  methods  and  re- 
sults. 2500  w.  Stahl  u  Eisen — Feb.  10, 
1909.    No.  3359  D. 

Blast-Pressure  at  the  Tuyeres  and   In- 
side the  Furnace.    R.  H.  Sweetser.    A  re- 
port of  tests.   1800  w.   Bui  Am  Inst  of  Min 
Engrs — March,  1909.  No.  3471  F. 
Blast  Furnaces. 

See  Electro-Metallurgy,  under  MINING 
AND  METALLURGY,  Iron  and  Steel. 
Canada. 

Iron  Ores  and  Smelting  in  Canada 
(Eisenerze  und  ihre  Verhiittung  in  Kan- 
ada).  E.  Kraynik.  A  general  review  of 
the  industry.  Ills.  7000  w.  Stahl  u  Eisen 
— Feb.  24,  1909.  No.  2>2)^2,  D. 
Electro-Metallurgy. 

Melting  Metals  in  the  Induction  Fur- 
nace. An  illustrated  article  presenting  the 
advantages  of  the  induction  furnace  and 
giving  results  of  experiments  by  the 
American  Electric  Furnace  Co.  2500  w. 
Ir  Trd  Rev^March  25,  1909.    No.  3507. 

Deoxidation  and  Desulphurization  in 
Electric  Steel  Furnaces.  Dr.  R.  Amberg. 
Compares  the  different  electric  steel  fur- 
naces with  respect  to  the  degree  and  dis- 
tribution of  temperature.  1000  w.  Elec- 
Chem  &  Met  Ind— March,  1909.  Nc.  2986  C. 
Blast  Furnaces  and  Electric  Furnaces 
(Hochofen  und  elektrischer  Ofen).  A 
comparison  of  the  two  for  the  production 
of  pig  iron.  2800  w.  Stahl  u  Eisen — Feb. 
24,  1909.   No.  3364  D. 

The  Production  of  Pig  Iron  in  the  Elec- 
tric Furnace  and  in  the  Blast  Furnace 
(Produzione  della  Ghisa  al  Forno  elettrico 
ed  all  alto  Forno).  Bemo  Catani.  A  com- 
parison of  the  two  methods.  Serial,  ist 
part.  2800  w.  Industria — Feb.  7,  1909.  No. 
3352  D. 

Exhibitions. 

Iron  and  Steel  at  the  Franco-British  Ex- 
hibition.   H.  Bauerman.    Detailed  descrip- 
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tion  of  exhibits,  arranged  under  their  re- 
spective districts.  14000  w.  Jour  Ir  &  St 
Inst— No.  Ill,  1908.     No.  3481  N. 

India. 

India  as  an  Iron  Producer.  Information 
concerning  the  ancient  workings,  the  ma- 
terials available,  the  difficulties  experi- 
enced, etc.  2500  w.  Engr,  Lond — Marcli 
12,  1909.  Serial,  ist  part.  No.  3425  A, 
New  York. 

The  Clinton  Ores  of  New  York  State. 

D.  H.  Newland.  A  summary  of  the  more 
important  economic  features  as  shown  in 
recent  investigation.  The  occurrence  of 
iron  ores,  their  origin,,  and  mining  opera- 
tions. Ills.  5000  w.  Bui  Am  Inst  of 
Min  Engrs— March,  1909.     No.  3470  F. 

Open  Hearth. 

See    Steel    Works,    under    Iron    and 
Steel;   and   Gas    Producers,    under   ME- 
CHANICAL ENGINEERING,  Combus- 
tion Motors. 
Pig  Iron. 

Pig-irons  and  Their  Use.  E.  Adamson. 
Abstract  of  a  paper  read  before  the  Staf- 
fordshire Ir.  &  St.  Inst.  Classifies  the 
various  pig-irons,  and  briefly  considers  the 
effect  of  carbon,  silicon,  sulphur,  phos- 
phorus, and  manganese,  the  tests,  and 
grading.  4500  w.  Ir  &  Coal  Trds  Rev — 
Feb.  26,  1909.    No.  3074  A. 

Pipe  Making. 

Heid  Spirally  Rolled  Steel  Pipes  (Spi- 
ralgewalzte     Stahlrohre,     System    Heid' . 

E.  V.  Radinger.  Describes  the  product,  the 
process  of  manufacture,  and  the  applica- 
tions. Ills.  1800  w.  Stahl  u  Eisen — Feb. 
10,  1909.   No.  3360  D. 

Rolling  Mills. 

Power  Requirements  in  Rolling  Steel. 
Gives  some  results  of  the  investigations 
of  a  special  German  commission.  1700  w. 
Ir  Age — March  11,  1909.     No.  3077. 

Large  Rail  and  Billet  Mills  at  the  Gary 
Steel  Plant.  Describes  large  mills  de- 
signed for  highest  efficiency.  2200  w.  Eng 
News — March  4,  1909.     No.  2997. 

Lead  in  Rolls  (Ueber  das  Voreilen  beim 
Walzen).  J.  Puppe.  A  description  of  the 
phenomena  and  a  review  of  theories,  with 
results  of  tests.  Ills.  5500  w.  Stahl  u 
Eisen — Feb.  3,  1909.   No.  3357  D. 

See  also  Pipe  Making,  and  Steel  Works, 
under  Iron  and  Steel. 

Sand  Boils. 

Sand  Boils.  J.  J.  Fred  Brand.  An  ac- 
count of  experiments  made  to  determine 
their  causes  and  prevention.  1200  w.  Eng 
&  Min  Jour — Feb.  27,  1909.     No.  2863. 

Steel  Making. 

Manufacture  of  Steel  for  Castings. 
Bradley  Stoughton.  The  open-hearth  acid 
and  basic  furnaces  are  compared  with  i.he 
side-blow  converter  and  crucible  processes. 
3000  w.   Foundry — March,  1909.    No.  2946. 


Modern  Methods  of  Bridge  Construc- 
tion.    Explains   methods   and   plant    us3d 
by     first-class     British     works.      5500    w. 
Engr,  Lond — Feb.  19,  1909.   No.  2897  A. 
Steel  Works. 

Jonas  &  Colver's  New  Steel  Works  at 
Sheffield.  Illustrated  description  of  a  mod- 
ern plant  for  rolling  the  better  grades  of 
open-hearth  steel.  2500  w.  Ir  &  Coal  Trds 
Rev — Feb.  26,  1909.   No.  3075  A. 

See  also  Electric  Driving,  under  ME- 
CHANICAL ENGINEERING,  Power 
AND  Transmission. 

Tariff. 

See   same   title,   under   INDUSTRIAL 
ECONOMY. 
U.  S.  Steel  Corporation. 

The  United  States  Steel  Corporation's 
1908  Report.  Reviews  this  report,  which 
shows  a  great  decline  in  earnings.  6500  w. 
Ir  Age — March  25,  1909.   No.  3482. 

LEAD   AND   ZINC. 
Lead. 

See  same  title,  under  MECHANICAL 
ENGINEERING,  Materials  of  Con- 
struction. 

MINOR  MINERALS. 

Alkaline  Earths. 

A  System  of  Qualitative  Analysis  for 
the  Common  Elements.  William  C.  Bray. 
Contribution,  No.  39,  from  the  Research 
Laboratory  of  Physical  Chemistry  of  the 
Mass.  Inst,  of  Tech.  This  fourth  article 
of  a  series  treats  of  the  analysis  of  the 
alkaline  earth  and  alkali  groups.  15500  w. 
Tech  Qr — Dec,  1908.    No.  3440  E. 

Aluminium. 

Aluminium.     E.    B.   Wilson.     Its   uses, 
sources,    assay    processes,    etc.     1800    w. 
Mines  &  Min — March,  1909.  No.  2956  C. 
Antimony. 

See  Alloys,  under  Miscellany. 

Asbestos. 

Depth  of  Asbestos  Deposits.  Fritz  Cir- 
kel.  Read  before  the  Can.  Min.  Inst.  A 
study  of  the  geology  and  origin.  2500  w. 
Can  Min  Jour — March  i,  1909.    No.  3016. 

On  the  Asbestos  Deposits  of  the  East- 
ern Townships  of  Quebec.  John  A.  Dres- 
ser. Describes  the  geology,  the  deposiis, 
and  gives  other  information.  Ills.  2500  w. 
Ec-Geol — March,  1909.    No.  3255  D. 

Diamonds. 

The  Copeton  Diamonds,  New  South 
Wales.  A.  R.  Pike.  Notes  on  the  alluvial 
deposits  and  the  diamond  matrix  of  this 
field.  2500  w.  Aust  Min  Stand — Jan.  27, 
1909.     Serial,  ist  part.     No.  3047  B. 

Manganese. 

Manganese,  a  Metal  of  the  Future  (Un 
Metal  d'Avenir:  le  Manganese).  A  re- 
view of  its  properties,  ores,  sources,  appli- 
cations, etc.  2000  w.  Monit  Indus — Feb. 
13,  1909.   No.  3329  D. 
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Nickel. 

The  Best  Method  for  the  Electrolytic: 
Separation  of  Nickel  (Wie  schudet  man 
Nickel  am  Besten  ab  auf  elektrolytischeni 
Wege?).  Results  of  tests  under  various 
conditions.  Serial,  1st  part.  1500  w.  Elek- 
trochem  Zeitschr — Feb.,  1909.  No.  3356  D 
Ocher. 

The  Mining  and  Treatment  of  Ocher  in 
Georgia.  S.  Mays  Ball.  Describes  the  de- 
posits, their  mining  and  preparation  for 
market.  Ills.  1500  vv.  Min  Wld — March 
6,  1909.    No.  3021. 

Oil. 

Studies  in  the  Application  of  the  Anti- 
clinal Theory  of  Oil  and  Gas  Accumula- 
tion. Malcolm  J.  Munn.  This  paper  con- 
siders the  structural  and  statigraphic  posi- 
tion of  certain  oil  pools  in  western  Penn. 
with  the  object  of  showing  that  the  accu- 
mulations are  not  due  to  movement  by 
difference  in  gravity  of  oil  and  salt  water 
contained  in  the  oil  bed.  Ills.  5500  w. 
Ec-Geol — March,  1909.    No.  3256  D. 

Oil  Measures  in  the  Coalinga  District. 
William  Forstner.  An  account  of  this  dis- 
trict in  California.  1200  w.  Min  &  Sci 
Pr — March  13,  1909.     No.  3229. 

A  Sketch  of  the  Geology  of  the  Baku 
and  European  Oil  Fields.  Leonard  V. 
Dalton.  Describes  only  the  regions  which 
have  contributed  appreciably  to  the  world's 
supply  of  petroleum — the  Caucasus,  Ru- 
mania, and  Galicia.  Maps.  7500  w.  Ec- 
Geol — March,  1909.     No.  3253  D. 

See  Illinois,  under  Coal  and  Coke;  and 
Air  Lift,  under  MECHANICAL  ENGI- 
NEERING, Hydraulic  Machinery. 

Phosphates. 

Mining  and  Milling  Florida  Phosphates. 
C.  A.  Stone.  Illustrates  and  describes  the 
method  of  mining  and  preparation  for 
market.  1200  w.  Eng  &  Min  Jour — 
March  6,  1909.    No.  2978. 

Sulphur, 

Pyrites  Mining  in  Scandanavia  (Der 
skandanavischeKiesbergbau).  Herr  Spack- 
eler.  Describes  the  deposits  and  working 
of  copper  and  iron  pyrites,  the  production 
of  copper  and  sulphur,  etc.  Ills.  Serial, 
1st  part.  3600  w.  Gliickauf — Feb.  20,  1909. 
No.  3370  D. 
Tin. 

The  Origin  of  Tin  Deposits.  J.  B. 
Scrivenor.  Read  before  the  Perak  Cham- 
ber of  Mines.  A  study  based  on  the 
classification  of  W.  H.  Emmons.  3000  w. 
Min  Jour — March  6,  1909.  Serial.  ist 
part.    No.  3161  A. 

The  Dolcoath.  Lionel  C.  Ball.  The 
first  of  a  series  of  illustrated  articles  on 
tin  mining  and  milling  in  Cornwall,  Eng- 
land. 3000  w.  Queens  Gov  Min  Jour — 
Feb.  15,  1909.  Serial,  ist  part.  No.  3138  B. 


Uranium. 

Uranium  Mining.    Information  concern- 
ing the  mining  of  the  ore  and  how  radium 
is   obtained    from   it.      1200   w.      Sci   Ani 
Sup — March  6,   1909.     No.  3^78. 
Vanadium. 

Vanadium-Deposits  in  Peru.  D.  Foster 
Hewitt.  Describes  two  districts  where  de 
posits  of  vanadium  have  been  found  and 
investigation  of  the  nature  of  the  depos- 
its. Ills.  5500  w.  Bui  Am  Inst  of  Min 
Engrs — March,  1909.     No.  3472  F. 

MINING. 
Drilling. 

Practical  Points  for  Operating  the 
Banka  Drill.  J.  Chisholm.  Illustrated 
notes,  describing  its  use  in  prospecting  in 
British  Guiana.  2500  w.  Min  Jour — Feb. 
20,  1909.     No.  2890  A. 

Mechanically  Operated  Rock  Drills 
.with  Special  Reference  to  Tunnel  Boring 
in  the  Alpine  Tunnels  (Ueber  maschinell 
betriebene  Gesteinsbohrungen  mit  be 
sonderer  Beriicksichtigung  des  Stollen- 
vortriebes  in  den  Alpentunnels).  Otto 
Schneller,  Describes  the  various  types 
used  and  gives  results.  Ills.  Serial,  ist 
part.  5000  w.  Zeitschr  d  Oest  Ing  u 
Arch  Ver — Feb.  26,  1909.    No.  3398  D. 

Drills. 

Ways  of  Improving  Piston  and  Ham- 
mer Drills.  Eustace  M.  Weston.  Dis- 
cusses the  comparative  merits  of  hammer 
and  piston  drills,  suggesting  the  use  of 
heavier  steel,  a  shorter  and  quicker  stroke, 
better  lubrication,  etc.  4000  w.  Eng  & 
Min  Jour — March  13,  1909.     No.  3119. 

Education. 

See  same  title,  under  Industriajl 
Economy. 

Electric  Hoisting. 

Electric  Hoists  as  Adapted  for  Coal 
Mines.  R.  H.  Rowland.  Discusses  the 
advantages  of  electric  winding  and  com- 
pares the  most  approved  equalizing  sys- 
tems. 3500  w.  Eng  &  Min  Jour — Feb 
27,   1909.     No.  2859. 

Electric  Hoist  at  the  Elisabeth  Col- 
lieries, Baulet,  Belgium  (Machine  d'Ex- 
traction  electrique  des  Charbonnages  Elis- 
abeth, a  Baulet,  Belgique).  Illustrated  de- 
scription. 3700  w.  Genie  Civil — Feb.  27, 
1909.    No.  3346  D. 

Electric  Generating  and  Hoisting  Plants 
at  the  Friedrichshall  Potash  Mines  (Elek- 
trische  Zentrale  und  Schachtforderan- 
lage  der  Kaliwerke  Friedrichshall).  M. 
Henkc.  Illustrated  description.  2600  w. 
Gluckauf — Feb.  20,  1909.     No.  3371  D. 

Electric  Power. 

The  Direct-Current  Motor  in  Mining 
Service.  C.  S.  McGinnis.  Considers 
troubles  most  likely  to  occur  in  practice 
and   remedies   which   will   dispose   of   the 


IV e  supply  copies  of  these  articles.    See  page  319. 
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"inductive    kick."       Diagrams.       1500   w, 
Min  Wld— March  27,  1909.     No.  3544- 

Explosives. 

Accidents  from  Use  of  Explosives. 
Jared  W.  Stark.  Prize  paper.  Discusses 
proper  methods  of  storing,  transporting, 
loading  and  firing  explosives.  4000  w. 
Mines  &  Min— March,  1909.     No.  2958  C. 

Haulage. 

Underground    Electrical    Haulage.     In 
formation  concerning  the  success  of  elec- 
tric haulage   in   the   Victoria   deep   leads. 
Ills.     1800  w.     Aust  Min  Stand— Feb.  17. 
1909.     No.  3589  B. 

A  New  Departure  in  the  Hauling  of 
Coal  at  the  Working  Face.  Illustrates 
and  describes  a  new  method,  using  swing 
conveyors,  in  successful  operation  at  the 
Rheinpreussen  Colliery,  in  Westphalia. 
2500  w.  Ir  &  Coal  Trds  Rev— March  12, 
1909.     No.  3432  A. 

See  also  Ore  Handling,  under  ME- 
CHANICAL   ENGINEERING,    Trans 

PORTING   AND    CONVEYING. 

Hoisting. 

Bennett's   Patent   Safety  Rope   Detach^ 

ing  Gear  and  Cage  Retainer.     Illustrated 

description   of  a  safety  retaining  gear  to 

prevent  overwinding.    1200  w.    Col  Guard 

.    —March  19,  1909.    No.  3614  A. 

Labor. 

White  Labor  in  Mining.  Tom  Johnson. 
Considers  the  subject  from  the  viewpoint 
of  conditions  in  South  Africa.  2500  w. 
Jour  Chem,  Met,  &  Min  Soc  of  S  Africa 
— Jan.,  1909.  No.  3144  E. 
Management. 

The  Practical  Mine   Manager  and  En- 
gineering.   Abstract  of  a  lecture  by  James 
B.    Lewis,    in    the    Melbourne   University 
*  course.     2500  w.     Aust  Min   Stand — Feb. 

10,  1909.     No.  3x41  B. 
Mine  Dams. 

Protection  of  the  Vereinigte  Engelburg 
Colliery  against  the  Rising  Water  in  the 
Idle   Vereinigte   Maria   Anna   and   Stein 
bank  Colliery   (Die  Sicherung  der  Zeche 
Vereinigte    Engelsburg    gegen    die    hoch- 
gehenden  Wasser  der  stillgelegten  Zeche 
Vereinigte   Maria  Anna   und   Steinbank) 
Herr   Battig.      Illustrated   description   of 
the  protection  works.   2600  w.    Gliickauf — 
Feb.  6,  1909.     No.  3369  D. 
See  also  Mining,  under  Coal  and  Coke. 
Mine  Examination. 

The  Professional  Examination  of  Un 
developed  Mineral  Properties.  Charles 
Catlett.  Suggestions  in  regard  to  exam- 
inations and  reports.  3500  w.  Bui  Am 
Inst  of  Min  Engrs — March,  1909.  No. 
3474  F. 
Mine  Sampling. 

Sampling  Native  Copper  Deposits. 
Harley  E.  Hooper.  Brief  description  of 
method  used  by  the  writer,  600  w.  Aust 
Min  Stand — Feb.  3,  1909.    No.  3139  B. 


Observations  on  Sampling  in  the  Rand 
and  Rhodesian  Mines.  H.  F.  Lofts.  Dis 
cusses  the  work  of  the  sampler,  and  the 
method  of  dealing  with  the  occurrence, 
and  systems  of  valuation.  2800  w.  Min 
Jour — Feb.  20,  1909.    No.  2889  A. 

See  also  Prospecting,  under  Mining. 

Open  Cut. 

Glory-Hole  Mining  at  De  Lamar,  Ne- 
vada. W.  R.  Wardner.  Illustrated  de- 
scription of  the  workings.  The  material 
is  drawn  from  an  old  ore  chute,  the  total 
cost  of  extraction  being  less  than  34  cts. 
a  ton.  1200  w.  Eng  &  Min  Jour — Feb. 
27,  1909.    No.  2860. 

Problems. 

On  Some  Unsolved  Problems  in  Metal- 
Mining.  Prof.  Henry  Louis.  ("James  For- 
rest" lecture.)  Introductory  remarks  fol 
lowed  by  a  consideration  of  prospecting, 
opening  up  mineral  deposits,  exploitation, 
transportation,  dressing  of  minerals,  and 
workers  safety.  15000  w.  Inst  of  Civ 
Engrs — April  27,   1908.     No.  321 1   N. 

Prospecting. 

Churn-Drill  Sampling.  W.  E.  Thornc. 
Brief  illustrated  discussion  of  the  best 
practice.  1000  w.  Min  &  Sci  Pr — March 
6,  1909.     No.  3092. 

See  also  Drilling,  under  Mining. 

Recording  Apparatus. 

Electric  Recording  Apparatus  for  Mine 
Watchmen.  Carl  L.  C.  Fichtel.  111.  Il- 
lustrates and  describes  the  mechanism  and 
its  operation.  1000  w.  Eng  &  Min  Jour 
— Feb.  27,  1909.     No.  2861. 

Shafts. 

Reclaiming  the  Inclined  Hoistway  at 
Mine  21.  Guy  C.  Stoltz.  Describes  meth- 
ods at  Mineville,  N.  Y.,  and  the  accident 
to  the  hoistway,  and  methods  of  reclaim- 
ing it.  Ills.  1000  w.  Eng  &  Min  Jour — 
March  20,  1909.    No.  3264. 

Shaft  Sinking. 

Sinking  in  Wet  Ground  by  Injecting 
Concrete.  Jules  Lombois.  Abstract  trans, 
from  BuL  de  lo  Soc.  d.  rind  Min.  De- 
scribes the  method.  Ills.  2500  w.  Eng  & 
Min  Jour — March  27,  1909.     No.  3534. 

Problems  of  Shaft  Sinking  in  a  Mich- 
igan Salt  Mine.  Norman  B.  Beasley.  An 
interesting  account  of  methods  used  to 
overcome  great  difficulties.  A  persistent 
flow  of  sulphur  water,  inflow  of  silt,  bad 
air  causing  blindness,  etc.  1500  w.  Min 
Wld — March  20,  1909.  No.  3435. 
St  oping 

"Shrinkage"  Stoping  in  Western  Aus- 
tralia. F.  Percy  Rolfe.  Describes  this 
method  of  stoping  used  at  the  Lake  View 
Consol  Gold  Mine,  discussing  its  advan- 
tages and  disadvantages.  Ills.  4000  w. 
Inst  of  Min  &  Met,  Bui.  53— Feb.  11, 
1909.     No.  3160  N. 


We  supply  copies  of  these  articles.    See  page  319. 
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Surveying. 

Levelling  Results  and  Their  Treatment 
(Nivellementaufgabcn  und  ihre  Behand- 
lung).  Viktor  Kadainka.  A  discussion 
of  levelling  with  special  reference  to  mine 
surveying,  the  reduction  and  plotting  of 
notes,  etc.  Ills.  Serial,  ist  part.  t8oo  w 
Oest  Zeitschr  f  Berg  u  Iliittenwesen — Fei). 
i3>  ^909-  No.  3367  D. 
Timbering. 

Concrete  in  Mine  Support.  W.  R.  Crane. 
Describes  uses  made  of  concrete  in  mines, 
its  substitution  for  timber,  etc.,  giving  a 
bibliography.  Ills.  3500  w.  Min  &  Sci 
Pr — Feb.  27,  1909.     No.  2949. 

Strength  of  Timber  vs.  Reinforced 
Concrete.  Ernest  McCullough.  A  com- 
parison, with  discussion  of  the  proper 
mixing  of  the  concrete.  2500  w.  Min 
Wld— March  6,   1909.     No.  3018. 

ORE  DRESSING  AND  CONCENTRATION. 

Briquetting. 

The  Briquetting  of  Iron  Ores  by  the 
Method  of  the  "Deutsches  Brikettierungs- 
Gesellschaft"  (Eisenerzbrikettierung  nach 
dem  Verfahren  der  "Deutschen  Briket- 
tierungs-Gesellschaft,"  Altenkirchen).  R. 
Goebel.  Describes  the  method  and  gives 
costs  of  plant  and  operation.  2800  w.  Stahl 
u  Risen — Feb.  17,  1909.     No.  3361  D. 

Elmore  Process. 

Elmore  Vacuum  Process  at  Broken  Hill, 
New  South  Wales.  Stanley  Elmore.  Il- 
lustrated description  of  the  installation  of 
the  Zinc  Corporation,  Ltd.  2000  w.  Min 
Jour — Feb.  20,  1909.     No.  2888  A. 

Gold  Milling. 

Milling  Conditions  in  the  Goldfield  Dis- 
trict, Nev.  A.  H.  Martin.  Describes  the 
complex  ores,  and  the  problems  of  their 
treatment.  Illustrated  description  of  the 
lOO-stamp  mill  and  its  operation.  3000  w. 
Min  Wld — March  13,  1909.     No.  3123. 

Milling  at  Grass  Valley  and  Nevada 
City.  G.  E.  Wolcott.  Employs  amalga- 
mation, concentration,  and  cyanide  treat- 
ment. Concentrates  are  not  treated  at  the 
mill.  Ills.  2000  w.  Eng  &  Min  Jour — 
Feb.  27,  1909.     No.  2858. 

Jigs. 

Richards    Pulsator    Jig    and    Classifier. 

Frank  E.  Shepard.    Describes  two  device? 

for  the  concentration  and  classification  of 

•   ores.     3500  w.     Eng  &  Min  Jour — March 

13,  1909.    No.  3T18. 

Screening. 

See  same  title,  under  Coal  and  Coke. 
Sizing. 

Close  Sizing  of  Dry  Finely  Crushed 
Ores.  E.  Goodwin  Steele.  Discusses  the 
construction  and  advantages  of  the  vi- 
bromotor  sizcr  for  dry  ores,  and  gives  re- 
sults of  tests.  Ills.  2500  w.  Eng  &  Min 
Jour — March  6,  1909.    No.  2979. 


MISCELLANY. 

Metal  Production. 

The  World's  Annual  Metal  Crop.  Thco. 
F.  Van  Wagenen.  A  review  of  the  metals 
now  known,  and  their  uses,  and  the  won- 
derful progress  recently  made  in  the  pro- 
duction of  the  true  metals.  5500  w.  Pop 
Sci  M— March,  1909.     No.  2920  C. 

Mexico. 

A  Classification  of  the  Ore  Deposits  of 
Mexico.  F.zcquicI  Ordofiez.  Briefly  de- 
scribes the  mountain  systems  and  the 
principal  ore  deposits.  1600  w.  Min  Jour 
— March  20,  1909.    No.  361 1  A. 

Ore  Deposits. 

Discussion  on  "A  Theory  of  Volcanic 
Action  and  Ore  Deposits,  Their  Nature 
and  Cause"  by  Hiram  W.  Hixon,  and  on 
"The  Silver  Islet  Vein,  Lake  Superior"  by 
Walter  McDermott.  17500  w.  Inst  of  Min 
&  Met,  Bui  53 — Feb.  11,  1909.   No.  3159  N. 

The  Association  of  Ores  and  Country 
Rock.  Gordon  Surr.  Notes  on  the  oc- 
currences of  various ,  minerals.  3500  w. 
Min  Wld — March   13,  1909.     No.  3124. 

Distribution  of  Metals  and  Minerals  in 
Ore  Shoots.  Gordon  Surr.  Considers 
causes  of  the  uneven  distribution.  2500 
w.    Min  Wld — Feb.  27,  1909.    No.  2867. 

Modern  Ancient  Volcanoes  and  Ore  De- 
posits. Arthur  Lakes.  A  study  of  the  re- 
lation between  igneous  intrusive  rocks  and 
ore  occurrence.  Ills.  2500  w.  Min  Wld — 
March  27,  1909.     No.  3545. 

Ores  in  Volcanic  Craters  and  Fumaroic 
Orifices.  Arthur  Lakes.  Describes  exam- 
ples, showing  how  varied  are  the  methods 
of  ore  occurrences.  Ills.  2000  w.  Min 
Wld — March  6,  1909.     No.  3019. 

See  Lake  Superior,  under  Copper;  Rand, 
under    Gold    and    Silver  ;    and    Asbestos, 
under  Minor  Minerals. 
Ores. 

What  Is  an  Ore  ?  James  F.  Kemp.  Read 
before  the  Can.  Min.  Inst.  An  examina- 
tion of  the  term  in  its  technical  sense, 
and  in  the  scientific  sense.  4500  w.  Min 
&  Sci  Pr — March  20,  1909.     No.  3506. 

Respirators. 

The  Improvement  of  Respirators  (Ein 
Beitrag  zur  Verbesserung  von  Staub- 
schutzrespiratoren).  Arpad  Kriz.  A  de- 
scription of  various  types.  Ills.  2200  w. 
Oest  Zeitschr  f  Berg  u  Hiittenwesen — 
Jan.  23,  1909.     No.  2671  D. 

Utah. 

Mineral  Resources  of  Utah.  Robert  H. 
Bradford.  Abstract  of  paper  read  before 
the  Am.  Min.  Cong.  Reviews  the  pro- 
duction of  the  more  important  mines. 
Lead,  .silver,  gold,  copper  and  valuable 
non-metallic  minerals,  salt,  coal,  asphalt 
and  other  deposits  are  found.  2000  w. 
Min  &  Sci   Pr— Jan.  30,   1909.     No.   J291. 


We  supply  copies  of  these  articles.    See  page  319. 
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CONDUCTING  TRANSPORTATION. 

Dispatching. 

The  Telephone  for  Train  Dispatching. 
W.  E.  Harkness.  Presents  the  ad/antages 
of  the  telephone  over  the  telegraph  for 
dispatching  purposes,  giving  information 
of  installations  and  their  working.  Dis 
cussion.  1300  w.  Pro  St  Louis  Ry  Club 
— Feb.  12,  1909.     No.  2928. 

Signalling. 

Railway  Signalling.  John  Murphy.  An 
investigation  of  railway  signal  systems 
and  their  operation  with  special  reference 
to  work  needed  in  Canada.  4000  w.  Can 
Engr — March   12,  1909.     No.  3 114. 

The  First  Block  Signal  System  in 
America.  J.  A.  Anderson.  An  account 
of  the  system  devised  and  put  in  opera- 
tion by  Ashbel  Welch.  Ills.  2800  w.  R  R 
Age  Gaz — March  5,  1909.    No.  3033. 

A  Little  Further  Talk  on  Torque  and 
Its  Relations  to  an  Upper  Quadrant  Sig- 
nal. W.  H,  Lane.  Discusses  the  condi- 
tions under  which  a  signal  must  operate 
and  the  need  of  a  standard  design.  2000 
w.     Sig  Engr — March,  1909.     No.  3237. 

Signal  Lightning  Arresters.  E.  E.  F. 
Creighton.  General  consideration,  with 
discussion  of  materials,  tests,  etc.  Ills. 
2500  w.    Sig  Engr — March,  1909.    No.  3236. 

See  also  Reinforced  Concrete,  under 
CIVIL  ENGINEERING,  Construction. 

Train  Movements. 

Mr.  Metzel's  Diagram  and  That  of  the 
Belgian  State  Railway  for  Investigating 
the  Utilization  of  Tracks  at  Passenger 
Stations.  L.  Weissenbruch  and  J.  Ver 
deyen.  1600  w.  Bui  Int  Ry  Cong — Feb., 
1909.     No.  3276  G. 

Train  Weights. 

The  Maximum  Weights  of  Slow  Freight 
Trains.  C.  S.  Bissell.  A  study  of  data 
to  determine  the  maximum  train  weight 
for  slow  freight.  2500  w.  Pro  Am  Soc 
of  Civ  Engrs — Feb.,  1909.    No.  3461  E. 

MOTIVE  POWER  AND  EQUIPMENT. 

Air  Brakes. 

The  Application  of  Automatic  Continu- 
ous Brakes  to  Goods  Trains  (SuU'  Ap- 
plicazione  di  Freni  continui  automatici  ai 
Treni  Merci).  Ferruccio  Celeri,  An  elab- 
orate discussion  of  the  whole  problem 
Ills.  20000  w.  Ing  terro — Feb.  26,  1909. 
No.  3355  F. 
Baggage  Trucks. 

The  Economy  of  Power  Baggage 
Trucks  for  Station  Platformt  (Die  Wirt- 
schaftlichkeit  der  Bahnsteig-'Gepackauf- 
ziige    bei     vcrschiedener     Betriebsweise). 


Fritz  Landsberg.  Examines  the  cost  of 
hydraulic  and  electrically  operated  sys- 
tems. 2300  w.  Glasers  Ann — Feb.  i,  1909. 
No.  3394  D. 

Car  Ferries. 

See  Ferryboats,  under  MARINE  AND 
NAVAL  ENGINEERING. 

Car  Lighting. 

Appliance  for  Putting  in  Place  Inverted 
Mantles  into  the  Lamps  of  Railway  Pas 
senger  Carriages.  Mr.  Epstein.    Illustrated 
description,  800  w.      Bui   Int  Ry  Cong — 
Feb.,  1909.     No.  3278  G. 

Car  Repairing. 

Maintenance  and  Repair  of  Freight 
Cars.  Full  illustrated  detailed  description 
of  methods  used  by  the  Pennsylvania 
Railroad,  with  special  reference  to  steel 
equipment.  loooo  w.  Am  Engr  &  R  R 
Jour — March,  1909.     No.  2963  C. 

Derrick  Cars. 

See  Erection,  under  CIVIL  ENGI- 
NEERING, Bridges. 

Electrification. 

The  Electrification  of  Railways. — A 
General  Comparison  of  Systems.  F.  W. 
Carter.  Read  before  the  Rugby  Engng. 
Soc.  Compares  in  a  general  way  the 
merits  and  demerits  of  the  various  sys- 
tems of  operation,  showing  that  no  one 
system  satisfies  all  needs,  and  indicates 
the  class  of  work  to  which  each  is  suited. 
3000  w.  Elec  Engr,  Lond — Feb.  26,  1900. 
No.  3051  A. 

Locomotive  Boilers. 

Combustion  and  Heat  Absorption  in  Lo- 
comotive Boilers.  Lawford  H.  Fry.  A 
study  based  on  the  tests  carried  out  by  the 
Pennsylvania  Railroad  Company.  4500  w. 
Engng — Feb.  19,  1909.  Serial,  ist  part. 
No.  2892  A. 

Locomotive  Fire  Boxes. 

Jacobs- Shupert  Locomotive  Fire  Box. 
H.  W.  Jacobs.  Illustrated  description  of 
a  new  design  which  is  being  applied  to  the 
"Santa  Fe  type"  engine,  and  to  the  new 
passenger  Mallet  type  engines.  2500  w. 
Am  Engr  &  R  R  Jour — March,  1909.  No. 
2964  C. 

Locomotive  Fuels. 

Burning  Heavy  Residuum  Oils  in  the 
Locomotives  of  the  Roumanian  State 
Railways  (Le  Chauffage  au  Huiles  lourdes 
de  Petrole  des  Locomotives  des  Chemins 
de  Fer  De  I'Etat  roumain).  Illustrated 
description  of  the  fire  box,  etc.  2000  w. 
Genie  Civil — Feb.  6,  1909.     No.  3338  D. 

Locomotives. 

Bodmer's  Balanced  Locomotives.  Her- 
bert T.  Walker.   Reproductions  of  original 
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drawings,  with  description  of  designs  of 
Bodmer,  dating  back  to  1834.  3500  w. 
Engr,  Lend — March  5,  1909.     No.  3176  A. 

Vauclain  Compound  Atlantic  Type  Lo- 
comotive, Illustrated  description  of  en- 
gines for  heavy  passenger  service  on  the 
C.  M.  &  St.  P.  Ry.  800  w.  Am  Engr  & 
R  R  Jour — March,  1909.     No.  2965  C. 

Mallet  Articulated  Compound  Locomo- 
tives for  France.  Plate  and  illustrated  de- 
scription, with  dimensions.  1000  w.  Engr, 
Lond — March  19,  1909.     No.  3672  A. 

Freight  Tank  Locomotives  for  the  Prus- 
sian State  Railways.  An  editorial  study 
of  these  engines,  which  are  equipped  with 
the  Schmidt  smoketube  superheater,  as  ex- 
amples of  German  practice,  comparing 
with  the  practice  in  the  United  States. 
2000  w.  R  R  Age  Gaz — March  5,  1909 
No.  3030. 

Ten-Coupled  Mineral  Locomotive ; 
Swedish  State  Railways.  Illustration  and 
particulars  of  a  recent  type  of  engine  for 
handling  the  ore  traffic.  200  w.  Engng — 
March  19,  1909.     No.  3619  A. 

The  New  Types  of  Locomotives  for  the 
Itahan  State  Railways  (I  nuovi  Tipi  di 
Locomotive  delle  Ferrovie  italiane  di 
Stato).  Illustrated  description  with  re- 
sults of  tests.  Serial,  ist  part.  3500  w. 
Monit  Tech — Feb.  28,  1909.     No.  3351  D. 

Locomotive  Springs. 

Locomotive  Springs.  J.  A.  Kinkeid. 
Abstract  of  a  paper  before  the  Can.  Ry. 
Club.  Gives  table  issued  by  the  Am.  Lo-:. 
Co.,  and  considers  modulus,  material,  flex- 
ibility, testing  and  failures.  2500  w.  R  R 
Age  Gaz — March  12,  1909.    No.  3098. 

Locomotive  Superheating. 

The  Advantages  of  the  Use  of  Moder- 
ately Superheated  Steam  in  Locomotive 
Practice.  Lawford  H.  Fry,  Shows  that 
so  far  as  coal  consumption  is  concerned, 
a  low  degree  of  superheat  offers  the  same 
opportunity  for  economy  as  does  a  very 
high  degree.  2500  w.  R  R  Age  Ga/ — 
March  5,  1909.     No.  3034, 

Locomotive  Tenders. 

Tender    for    Six-Coupled    Express    Lo- 
comotive; Bengal-Nagpur  Railway,    Illus 
trated  description  with  particulars  of  en- 
gine and  tender.    Plate,    500  w.    Engng — 
March  5,  1909,     No,  3167  A, 

Locomotive  Valve  Gears. 

Valve  Motion  Design.     Sidney  C.  Car 
penter.      Considers    Hnk    motion    design 
from  the  standpoint  of  the  strain  on  the 
various  parts.     1500  w.    Ry  &  Loc  Engng 
— March,  1909.    No.  2940  C. 

The  Walschaert  Valve  Gear.  C.  O. 
Rogers.  An  illustrated  explanation  of  the 
principles  and  construction.  3000  w.  Sci 
Am  Sup — March  27,  1909.     No.  3584. 


We  supply  copies  of  these  articles.    See  page  319 


Motor  Cars. 

The  Accumulator  Motor  Cars  of  the 
Prussian  State  Railways  (Die  Akkumula- 
tor-Doppelwagen  der  Preussischen  Staats- 
bahn-Verwaltung).  Hcrrn  PIcnsch  and 
W.  Mattersdorff.  Illustrated  detailed  de- 
scription. 5000  w.  Zeitschr  d  Ver 
Deutscher  Ing — Feb.  6,  1909.     No.  3560  D. 

Shops. 

See  Car  Repairing,  under  Motive  Power 
AND  Equipment. 

Water  Supply. 

See  Boiler  Waters,  under  MECHANI 
CAL  ENGINEERING,  Steam  Engineer- 
ing. 

NEW  PROJECTS. 
C.  C.  &  0. 

The  Carolina,  Clinchfield  &  Ohio  Rail- 
way. George  L.  Fowler.  Gives  the  geo- 
graphical and  geological  location,  describes 
construction  work,  stations,  equipment, 
etc.  Fully  illustrated,  iiooo  w.  R  R 
Age  Gaz — March  19,  1909.  No.  3289. 
Coal  &  Coke  Ry. 

Construction  of  the  Coal  &  Coke  Ry. 
Map  and  illustrated  description  of  line 
from  Elkins  to  Charleston,  W.  Va.,  givmg 
a  new  route  from  the  Kanawha  River  to 
Chesapeake  Bay.  1200  w.  Ry  &  Engng 
Rev — March  27,  1909.  No.  3547. 
Transandine. 

The  History  of  the  Transandine  Rail 
way.  An  illustrated  description  and  his- 
torical review  of  this  project,  which  will 
give  railway  connection  between  Buenos 
Ayres  and  Valparaiso.  3000  w.  Bui  Am 
Reps — March,  1909.  No.  3191  N. 
Virginian  Ry. 

Construction  of  the  Virginian  Ry.  Il- 
lustrated detailed  description  of  the  con- 
struction work  on  this  line,  laid  out,  prin- 
cipally, to  handle  the  heavy  coal  traffic  be- 
tween West  Virginia  and  the  seaboard  at 
Norfolk.  5000  w.  Ry  &  Engng  Rev — 
March  13,  1909.  No.  3136. 
Western  Pacific. 

The  Western  Pacific.  P.  S.  Hildreth. 
The  second  of  a  series  of  articles  dealing 
with  this  road  now  approaching  comple- 
tion. An  illustrated  account  of  the  loca 
tion,  grading,  alinement,  terminal  facili- 
ties, and  roadbed.  4000  w.  R  R  Age  Gaz 
— March  19,  1909.     No.  3290. 

PERMANENT  WAY  AND  BUILDINGS. 

Ballast. 

Broken  Stone  and  Gravel  Plants.  From 
the  report  on  Ballasting,  presented  at  the 
convention  of  the  Am.  Ry.  Engng  &  Main, 
of  Way  Assn.  Describes  a  number  of 
plants  which  supply  broken  stone  or  gravel 
for  track  purposes.  2500  w.  Eng  Rec — 
March  20,  1909.    No.  3268. 
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Constraction. 

See  C.  C.  &  O.,  Coal  &  Coke  Ry.,  Vir 
ginia    Ry.,    and    Western    Pacific,    under 
New    Projects;    Conveyors,    under    ME- 
CHANICAL   ENGINEERING,    Trans- 
porting AND  Conveying. 

Curves. 

Parabolic  Spirals  (Raccordi  parabolici). 
E.  Benintende.  A  mathematical  •  discus- 
sion of  the  calculation  of  transmission 
ends,  with  tables.  Ills.  2700  w.  Monit 
Tech— Feb.  20,  1909.     No.  3350  D. 

Earthwork. 

A  Rapid  Method  of  Computing  Earth- 
work (Calcul  rapide  des  Terrassements 
d'aprcs  le  Profil  en  long).  M.  Bitsanis.  A 
mathematical  demonstration  of  a  method 
of  obtaining  approximate  quantities  of 
cuts  and  fills.  Ills.  2000  w.  Ann  d  Ponts 
et  Chaussees— 1908-VI.     No.  3316  E  -f  F. 

Elevated  Railways. 

Estimated    Unit    and    Total    Costs    of 
Railway  Track  Elevation  at  Wilkes-Barre, 
Pa.    1500  w.    Engng-Con — March  10,  1909. 
No.  3095. 
Rail  Joints. 

Rail  Joints.  Information  as  to  the  effi- 
ciency of  different  joints  summarized 
from  replies  to  questions  sent  to  important 
roads.  Ills.  2200  w.  R  R  Age  Gaz — 
March  19,  1909.    No.  3294. 

Rails. 

The  New  85-lb.  Rail  Section  of  the  Ca- 
nadian Pacific  Ry.  Describes  the  design 
of  this  new  rail  section.  Also  editorial 
review  of  recent  development.  3500  w. 
Eng  News — March  11,  1909.    No.  3103. 

Rolled  Manganese  Steel  Rails.  Jas.  B. 
Strong.  Information  concerning  the  prop- 
erties of  these  rails.  Ills.  1500  w.  Ry  & 
Engng  Rev— March  13,  1909.     No.  3135. 

The  Use  of  Titanium  in  Steel  for  Rails, 
Car  Wheels,  Etc.  Charles  V.  Slocum.  Ex- 
plains the  important  advantages  gained  by 
the  use  of  this  element.  2200  w,  Elec- 
Chem  &  Met-Ind— March,  1909.  No. 
2990  C. 

Ferrotitanium  Steel  Rails.  Reports  ex- 
perience of  the  N.  Y.  Central  lines,  and 
the  excellent  results  secured  under  the 
1908  specifications.  1600  w.  Ir  Age — ■ 
March  25,  1909.  No.  3485. 
Reconstruction. 

Indianapolis-Terr.e  Haute  Double  Track 
of  the  Big  Four.  Illustrates  and  describes 
work  involving  a  change  from  single  to 
double  track,  reducing  grades,  curves,  etc. 
2000  w.  R  R  Age  Gaz — March  26,  1909. 
No.  3517. 

Restoration  of  Traffic  on  the  Right 
Bank  of  the  Rhone  Following  the  Wash- 
outs Caused  by  the  Floods  of  October, 
1907  (Retablissement  de  la  Circulation  sur 


la  Rive  droite  du  Rhone  a  la  suite  des 
Coupures  causees  par  les  Inondations 
d'Octobre  1907),  M.  Ruffieux.  Description 
of  the  repair  work.  Ills.  3000  w.  Rev 
Gen  de  Chemins  de  Fer — Feb.,  1909.  No. 
3323  G. 
Roundhouses. 

Some  Engine  House  Auxiliaries.  Wil- 
liam Elmer.  Describes  auxiliaries  that 
have  been  found  of  service  in  expediting 
the  movement  of  locomotives  at  terminals. 
Ills.  Discussion.  8500  w.  Pro  Ry  Club  of 
Pittsburg — Jan.  22,  1909.     No.  3192  C. 

Shops. 

A  Large  Locomotive-Erecting  Shop.  Il- 
lustrated description  of  erecting  shop  No. 
2,  for  the  N.  Y.  C.  &  H.  R.  R.  R.  Co. 
at  Albany,  N.  Y.  2200  w.  Eng  Rec — 
Marcli  20,  1909.     No.  3271. 

Stations. 

Chattanooga  Passenger  Terminal  Sta- 
tion. Illustrated  detailed  description  of 
a  station  serving  five  railways.  1500  w. 
R  R  Age  Gaz — March  19,  1909.    No.  3292. 

Terminals. 

Louisville  and  Nashville  Terminals  at 
Pensacola.  Illustrated  description  of 
wharves,  track  facilities,  and  improve- 
ments for  the  export  and  import  cargoes. 
Tooo  w.  R  R  Age  Gaz — March  12,  1909. 
No.  3099. 

See  also  Roundhouses,  and  Stations,  un- 
der Permanent  Way  and  Buildings. 

Ties. 

See   Timber    Preservation,   under   Civil 
Engineering,  Materials  of  Construction. 
Track  Construction. 

Track  Laying  on  the  Guymard  Cutoff 
of  the  Erie  R.  R.  Brief  illustrated  de- 
scription of  the  Hurley  track-laying  ma- 
chine and  its  operation.  600  w.  Engng- 
Con — March  10,  1909.     No.  3094. 

See  also  Ballast,  under  Permanent 
Way  and  Buildings  ;  and  Earthwork,  un- 
der CIVIL  ENGINEERING,  Construc- 
tion. 

Track  Maintenance. 

Annual  Maintenance  of  Way  Conven 
tion.  A  report  of  the  Chicago  meeting, 
March  16,  17,  18,  1909,  with  committee  re- 
ports, discussions,  addresses,  etc.  Ills. 
90000  w.  R  R  Age  Gaz — March  19,  1909. 
No.  3293- 

Train  Sheds. 

Bush  Train  Shed  at  Scranton.  Illus- 
trated description,  with  a  statement  of  the 
advantages  of  these  sheds.  1000  w.  R  R 
Age  Gaz — March  19,  1909.     No.  3291. 

TRAFFIC. 

Demurrage. 

Reciprocal  Demurrage.  F.  O.  Melcher. 
A  memorandum   submitted  to   the  R.   R 
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Committee  of  the  Iowa  Senate  opposing 
the  adoption  of  a  reciprocal  demurrage 
bill.  2000  w.  R  R  Age  Gaz — March  26, 
1909.    No.  3515. 

Handling  Merchandise  Shipments  from 
Chicago  to  the  South  and  Southeast. 
Samuel  O.  Dunn.  Explains  the  conditions 
and  methods  introduced  to  secure  better 
service.  Map.  2500  w.  R  R  Age  Gaz — 
March  5,  1909.     No.  3035. 

Freight  Offices. 

Local  Freight  Office  Efficiency,  from  the 
Viewpoint  of  the  General  Freight  Office. 
Charles  R.  French.  Discusses  matters 
that  affect  the  efficiency  and  service.  3500 
w.  R  R  Age  Gaz — March  5,  1909.  Serial, 
ist  part.     No.  3036. 

Freight  Rates. 

Co-operative  Freight  Traffic.  Alfred  H. 
Post.  Address  before  the  Cincinnati 
Branch  Nat.  Metal  Trds.  Assn.  .  2000  w. 
Ir  Age — March  18,  1909.     No.  3214. 

MISCELLANY. 
France. 

The  Redemption  of  the  Lines  of  the 
Western  Railway  of  France  and  Their 
Organization  for  State  Operation  (Lc 
Rachat  du  Reseau  des  Chemins  de  Fer  dc 
rOuest  et  rOrganisation  dc  son  Exploita- 
tion par  I'Etat).  P.  Maurice.  Serial.  1st 
part.  4500  w.  Genie  Civil — Feb.  13,  1909. 
No.  3341  D. 

Management. 

Methods  of  the  Santa  Fe.  Efficiency  in 
the  Manufacture  of  Transportation. 
Charles  Buxton  Going.  This  second  ar- 
ticle of  a  series  considers  the  stores-keep- 
ing, shop-order  and  works-order  systems. 
Ills.  4000  w.  Engineering  Magazine — 
April,  1909.     No.  3523  B. 

N.  Y.,  N.  H.  &  H. 

The  New  England  Railroads.  Thomas 
Warner  Mitchell.  Review  of  the  account- 
ant's analysis  of  the  reports  of  the  New 
York,  New  Haven  and  Hartford,  and  the 
Boston  and  Maine  railroad  systems.  5500 
w.  Jour  of  Ace — Feb.,  1909.  No.  2916  C. 
United  States. 

The  Railroad  Situation  of  To-day. 
Frank  Trumbull.     Discusses  the  problem 


of  how  to  settle  satisfactorily  the  rela- 
tions between  private  capital  and  the  users 
of  American  railroads.  4500  w.  Jour  W 
Soc  of  Engrs — Feb.,  1909.     No.  3297  D. 

Southern  Railways  and  Their  Needs. 
John  F.  Wallace.  From  an  address  be 
fore  the  So.  Com.  Cong.  Outlines  the 
additional  facilities  needed  and  their  cost. 
2000  w.  R  R  Age  Gaz — March  5,  1909. 
No.  3031. 

Valuation. 

The  Valuation  of  Railways.  Considers 
some  of  the  benefits  that  may  be  expected 
to  result  from  valuation,  and  some  of  the 
difficulties.  4500  w.  R  R  Age  Gaz — Jan. 
22,   1909.     Serial,   ist  part.     No.  2003. 

Valuation  of  Railways  in  Minnesota. 
Gives  the  results  of  an  exhaustive  physical 
valuation,  explaining  methods  used.  Als-o 
editorial.  6000  w.  R  R  Age  Gaz — Feb. 
5,  1909.     No.  2301. 

Appraisal  of  the  Physical  Properties  of 
Railroads  of  Minnesota.  Extracts  from 
report  of  Dwight  C.  Morgan.  Explains 
the  general  plan  for  estimating  values, 
means  of  securing  data,  etc.  9500  w.  Ry 
&  Engng  Rev — March  13,  1909.    No.  3137. 

An  Analysis  of  the  Appraisal  of  the 
Railways  of  Minnesota  with  Comm.ents  on 
the  Same.  A  review  of  the  report  of 
Dwight  C.  Morgan  to  the  Railroad  and 
Warehouse  Commission  of  Minnesota. 
4000  w.  Engng-Con — March  3,  1909.  No. 
3027. 

The  Work  of  the  Joint  Engineering 
Staff  of  the  Wisconsin  Tax  and  Railroad 
Commission.  William  D.  Pence.  An  ac- 
count of  the  valuation  work.  Discussion. 
15000  w.  Jour  W  Soc  of  Engrs — Feb., 
1909.     No.  3299  D. 

Some  Neglected  Factors  of  Fair  Valua- 
tion.    Editorial  on  the  desirability  of  con- 
sidering other  factors  than  the  cost  of  re 
production.      1800   w.      R   R  Age   Gaz — 
March  5,  T909.     No.  3029. 

Welfare  Work. 

Saloons  versus  Railway  Clubs  on  the 
Harriman  Lines.  F.  G.  Athearn.  Illus- 
trated account  of  the  clubs  in  operation 
on  the  Southern  Pacific.  2500  w.  R  R 
Age  Gaz — Jan.  29,  1909.     No.  2146. 
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Brooklyn  Bridge. 

Traffic  on  the  Brooklyn  Bridge,  New 
York  City.  F.  van  Z.  Lane.  Considers 
features  of  the  traffic  as  an  example  of 
high-class  operation  when  traffic  density, 
capacity,  safety,  comfort,  speed  and  rel'- 
ability  are  considered.  Deals  with  the 
evening  rush  hour,  from  5  to  6  p.  m.  Plate. 


3000  w.     R  R  Age  Gaz — March  2,  1909. 
No.  3096. 

Cars. 

Pay-Within  Cars  in  Philadelphia.  Gives 
an  account  of  conditions  to  be  met,  and 
an  illustrated  description  of  the  cars  final- 
ly adopted  and  their  operation.  5000  w. 
Elec  Ry  Jour — March  20,  1909.     No.  3232. 


We  supply  copies  of  these  at  tides.    See  page  suf- 
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New  Steel  Car  of  United  Railways 
Company  of  St.  Louis.  Illustrated  de- 
scription of  a  steel  passenger  car  of  the 
pay-as-you-enter  type.  1500  w.  Elec  Ry 
Jour — March  13,  1909.     No.  3088. 

New  Cars  for  the  Diisseldorf  Tram- 
ways. Herr  Stahl.  Illustrated  description 
of  semi-convertible  cars.  1900  w.  Bui 
Int  Ry  Cong — Feb.,  1909.     No.  ,"^279  G. 

Electric  Traction. 

Early  Experiments  in  Electric  Traction. 
W.  W.  Lackie.  Presented  to  the  Glasgow 
Sec.  of  the  Inst,  of  Elec.  Engrs.  Infor- 
mation regarding  Robert  Davidson's  ex- 
periments in  1837.  Ills,  2000  w.  Elec 
Engr,  Lond — Feb.   19,  1909.     No.  2876  A. 

Interurban. 

New  Interurban  Line  of  the  Joplin  & 
Pittsburg  Railway  Company.  Illustrated 
description  of  a  well-built  line  in  Kansas 
and  Missouri.  3000  w.  Elec  Ry  Jour — 
March  13,  1909.    No.  3087. 

Extensions  of  the  Joliet  &  Southern 
Traction  Company.  An  illustrated  account 
of  new  construction  and  other  improve- 
ments. 3000  w.  Elec  Ry  Jour — March  6, 
1909.     No.  2959. 

The  Oregon  Electric  Railway  System. 
Illustrated  detailed  description  of  the  por- 
tion of  the  line  in  operation,  connecting 
Portland,  Salem,  Hillsboro  and  Forest 
Grove.  2500  w.  Elec  Ry  Jour — March  20, 
1909.     No.  3231. 

Locomotives. 

Electric  Locomotives  for  the  G.  N.     II 
lustrated  description  of  recently  completed 
electric    locomotives    for   operating   trains 
through  the  Cascade  tunnel.    900  w.     Ry 
&  Loc  Engng — March,  1909.     No.  2938  C. 

The  New  Three-Phase  Ganz  Locomo- 
tives of  the  Valtellina  Railway.  H.  Mar- 
chand-Thiriar.  Illustrated  detailed  de- 
scription. 2800  w.  Bui  Int  Ry  Cong — 
Feb.,  1909.     No.  3277  G. 

Para. 

The  Tramways  of  Para.  An  illustrated 
account  of  the  reconstruction  and  elec- 
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FIRST-AID   MOVEMENT   IN   THE  ANTHRACITE 
REGION   OF  PENNSYLVANIA. 

By  H.  H.  Stoek. 

The  Enginefring  Magazine  is  sincerely  glad  to  have  this  opportunity  of  furthering  a 
movement  so  important,  to  the  nation  and  to  humanity,  as  that  which  aims  to  minimize  the 
luss  through  death  and  injury  to  coal  miners.  It  is  an  added  satisfaction  to  render  this 
office  to  the  movement  through  co-operation  with  so  excellent  an  authority  as  Mr.  Stoek, 
editor  of  Mines  and  Minerals. — The  Editors. 

IN  all  that  has  been  written  and  said  of  late  about  conserving  the 
Nation's  resources  and  the  prevention  of  accidents,  one  means 
of  conservation  has  been  largely  overlooked.  This  is  the  ren- 
dering of  first  aid  to  those  who  are  injured,  in  order  that  the 
injury  may  not  prove  fatal,  or  that  persons  may  not  be  permanently 
disabled.  When  a  pqrson  receives  a  severe  electric  shock,  is  over- 
come by  smoke,  or  is  rescued  from  the  water,  how  few,  if  any  of  the 
sympathetic  by-standers  can  render  intelligent  assistance. 

In  European  countries  it  is  incumbent  on  every  policeman  and 
every  fireman  to  be  able  to  render  first  aid;  and  in  England,  a  St. 
John's  Ambulance  certificate  is  a  prerequisite  to  employment  in  an 
official  capacity  in  certain  branches  of  industry. 

In  the  United  States,  although  all  are  justly  proud  of  her  leading 
position  as  an  industrial  nation,  the  death  and  accident  lists  are  far 
m  excess  of  those  in  most  European  countries.  It  is  not  necessary 
here  to  consider  the  causes  for  this  state  of  aflFairs,  but  that  we  kill 
and  injure  more  people  for  a  given  number  of  employees  than  is  done 
abroad,  is  undoubted.  This  fact  alone  oflFers  sufficient  excuse  for 
instructing  certain  classes  of  employees  so  that  they  can  render  im- 
mediate and  intelligent  assistance  in  case  of  accident. 
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A  gratifying  exception  to  the  general  absence  of  such  knowledge 
in  connection  with  industrial  pursuits  is  to  be  found  in  the  anthracite 
mining  region  of  Pennsylvania,  where  a  very  complete  and  efficient 
iirst-aid  system  has  been  developed  and  is  being  maintained  by  the 
companies  operating  the  c^nthracite  mines.  Give  even  a  coal  baron 
his  dues ;  for  it  is  not  true,  as  is  so  often  erroneously  stated,  that  "the 
life  of  a  mule  is  considered  of  more  value  than  that  of  a  man." 


FIG.   I.    CHAMPION  FIRST-AID  TEAM,  HILLSIDE  COAL  &  IRON   CO.   AND  PENNA.  COAL  CO. 

Such  dire  disasters  as  Monongah,  Darr,  and  Marianna,  although 
they  make  the  most  impression  upon  the  general  public,  are  fortu- 
nately rare.  It  is  an  unfortunate  fact,  however,  that  the  grim  reaper 
is  never  idle  in  a  mining  community  and  the  dreadful  total  of  mine 
casualties  is  a  summation  of  many  accidents  in  which  one,  two,  or 
mayhap  half  a  dozen  are  killed  or  injured.  It  is  this  steady  stream 
of  casualties  that  worries  the  mine  manager  more  than  the  greater 
calamities  that  attract  the  public  attention,  for  while  the  conditions  in 
most  of  the  mines  are  such  that  great  casualties  are  not  likely  to  occur, 
minor  accidents  are  everywhere  of  more  or  less  frequent  occurrence. 

For  every  person  killed  in  the  mines  several  are  injured,  more  or 
less  severely,  and  relief  measures  promptly  and  intelligently  applied 
may  prevent  death,  or  may  lessen  the  after  effects  due  to  blood  pois- 
oning or  to  delay  in  securing  the  services  of  a  surgeon.     The  sur- 
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roundings  in  a  mine  are  dirty  and  the  clothes  and  hands  of  the  work- 
men are  necessarily  soiled,  so  that  no  matter  how  careful  his  feliow 
workmen  may  be,  a  slight  injury  may  be  greatly  aggravated  through 
unskilful  handling,  because  there  is  frequently  a  considerable  period 
between  the  occurrence  of  the  accident  and  the  time  when  the  physi- 
cian sees  the  patient,  owing  to  the  remoteness  of  the  workmg  places 
in  many  mines,  and  to  the  difficulty  in  transporting  an  injured  person 
to  the  surface. 

The  campaign  for  preventing  accidents  now  being  carried  on  by 
the  United  States  Government  and  the  several  State  departments  of 
mines  is  of  great  importance,  and  credit  should  be  given  to  those  en- 
gaged in  so  laudable  a  work.  The  fact  should  not  be  overlooked,  how- 
ever, that  before  popular  attention  had  been  called  to  such  work  by 
a  series  of  most  distressing  accidents  many  of  the  coal  companies  had 
well  equipped  hospitals  in  the  mines,  and  in  the  anthracite  region  at 
least  there  were  regularly  drilled  and  efficient  First  Aid  corps  trained 
to  render  immediate  assistance  in  case  of  accident.  Furthermore,  it 
should  be  remembered  that  the  organization  of  such  corps  was  a 
voluntary  matter  on  the  part  of  the  coal  companies,  for,  excepting 
the  laws  in  some  States  requiring  mine  hospitals,  there  is  at  present 
no  State  or  Federal  regulation  requiring  first-aid  work,  as  there  is 
abroad. 

In  1901  the  legislature  of  Pennsylvania  passed  an  act  making  it 
unlawful  to  operate  an  anthracite  mine  employing  10  men  or  more 
unless  sufficient  supplies  for  rendering  first  aid  in  case  of  accident 
were  stored  in  a  room  located  in  some  convenient  place  in  the  mine. 
This  room  was  required  to  be  not  less  than  8  feet  by  12  feet  in  size, 
lighted,  clean,  well  ventilated  and  furnished  to  accommodate  two  or 
moVe  persons  in  a  reclining  or  sitting  posture.  The  hospitals  in- 
stalled by  the  mining  companies  as  a  result  of  this  law,  and  main- 
tained by  them  ever  since,  fulfil  not  only  the  letter  of  the  law,  but  its 
spirit  as  well,  for  they  are  usually  larger  than  the  legal  requirements, 
and  the  maintenance  of  good  hospitals  has  become  a  matter  of  pride 
with  the  anthracite  companies.  (Figure  2,  page  324.)  The  appliances 
are  simple  so  that  they  can  be  easily  kept  clean,  and  the  equipment 
usually  consists  of  one  or  two  tables  which  are  either  stationary  or 
movable,  a  reclining  Morris  chair,  stretchers,  and  a  box  of  supplies 
which  is  usually  very  much  more  complete  than  is  required  by  law. 
Whenever  possible,  the  underground  hospitals  are  heated  by  steam, 
lighted  by  electricity,  and  are  provided  with  hot  and  cold  running 
water,  and  the  floor,  at  least,  is  cemented  and  all  of  the  walls  through- 
out are  whitewashed. 


FIG.    2.      TYPICAL    MINE    HOSPITALS    IN    THE    ANTHRACITE    REGION. 
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In  order  that  injured  men  may  be  carried  from  the  place  of  in- 
jury to  the  inside  hospital  or  to  the  surface  with  a  minimum  of  dis- 
comfort, the  Lehigh  Valley  Coal  Company  uses  an  ambulance  mine 
car.  The  frame  of  the  car  is  similar  to  an  ordinary  mine  car,  but  the 
central  portion  is  supported  on  wire  springs  so  as  to  reduce  the 
jarring  to  a  minimum.  In  each  car  there  are  two  upholstered  stretch- 
ers a  covered  with  oilcloth.  The  handles  b  slide  in  grooves  and  the 
sides  c  of  the  car  are  removable  so  that  the  stretchers  can  be  readily 
taken  off  either  side.  At  each  end  there  are  two  seats  for  attendants, 
and  between  these  there  is  space  in  which  a  first-aid  box  can  be  placed. 
(Figure  3.) 


FIG.    3.      AMBULANCE    MINE    CAR,    LEHIGH    VALLEY    COAL   COMPANY. 

In  addition  to  the  underground  hospitals  required  by  law,  some  of 
the  coal  companies  maintain  similar  hospitals  upon  the  surface. 

The  D.  L.  &  W.  Co.  in  addition  to  its  underground  hospitals  has 
a  hospital  car  (Figure  4,  page  326).  This  consists  of  a  passenger  coach 
which  has  been  transformed  into  an  ideal  hospital  car  containing 
six  beds  covered  with  black  enameled  cloth  which  can  be  washed  and 
thus  kept  clean.  A  capacious  closet  contains  all  necessary  medicines, 
surgical  appliances,  and  dressings  for  emergency  work;  four  stretch- 
ers are  also  provided.  This  car  is  located  at  a  central  point  to  the 
mines  of  the  Lackawanna  Company  and  can  reach  any  of  the  mines 
within  a  short  time  after  an  accident.  By  means  of  it,  when  once  a 
man  is  placed  upon  a  stretcher,  he  need  not  be  removed  until  he  is 
placed  in  his  bed  at  home  or  in  a  hospital  on  the  surface. 

Through  the  munificence  of  Mr.  Moses  Taylor,  who  was  closely 
identified  with  the  Lackawanna  Railroad,  a  large  hospital  known  as 
'The  Moses  Taylor  Hospital"  was  erected  in  Scranton,  in  which  all 
the  employees  and  their  families  are  treated  without  charge. 
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Although  the  law  provides  for  hospitals  underground  and  makes 
it  the  duty  of  the  mine  foreman  and  his  assistants  to  see  that  an  in- 
jured person  is  properly  cared  for  and  removed  to  the  underground 
hospital,  and  thence  to  his  home  or  to  a  hospital  on  the  surface,  there 
IS  no  direct  provision  requiring  the  training  of  foremen  and  other 
officials  in  first-aid  methods,  and  tlie  organization  of  systematic  train- 
ing has  in  most  cases  grown  out  of  the  desire  on  the  part  of  the  coal- 
vxmpany  officials  to  utilize  as  efficiently  as  possible  the  equipment  they 
:ire  required  by  law  to  maintain.  Each  of  the  coal  companies  has 
developed  an  organization  that  it  considers  best  suited  to  its  own 
iieeas,  but  it  is  not  necessary  here  to  go  into  the  minute  details  of 
these  various  organizations,  and  only  the  general  features  of  the  work 
need  be  considered. 


FIG.    4.      HOSPITAL   CAE^   D.    L.    &   W.    COMPANY.      EXTERIOR   AND    INTERIOR   VIEWS. 
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The  work  has  usually  started  with  lectures  on  physiology,  an- 
atomy, and  first  aid  before  a  selected  body  of  men,  and  in  its  subse- 
quent development  different  degrees  of  elaborateness  are  to  be  found. 
In  some  cases  a  large  first-aid  society  has  been  developed,  including  a 
large  number  of  the  men  connected  with  each  mine^  and  having  more 
or  less  social  features  connected  with  it.  In  other  cases  there  is  no 
distinct  organization  and  first-aid  training  is  considered  one  of  the 
regular  duties  of  the  officials  in  the  operating  department.  The  mili- 
tary aspect  is  sometimes  made  prominent  in  the  organization,  in  other 
cases  this  is  lacking.  Some  of  the  coal  companies  believe  that  there 
is  a  distinctly  educational  side  to  the  work  which  can  be  made  bene- 
ficial to  the  general  public  as  well  as  to  their  own  employees,  and  for 
this  reason  they  arrange  for  public  exhibitions  and  competitions  be- 
tween first-aid  corps  from  different  mines.  Some  companies  restrict 
these  public  exhibitions  to  their  own  employees,  while  still  others  give 
no  publicity  whatever  to  the  work  and  make  it  strictly  a  matter  of 
routine  and  duty. 

The  pioneer  in  first-aid  work  in  the  anthracite  region  was  Dr. 
M.  J.  Shields,  now  residing  in  Scranton  and  having  charge  of  the  first- 
aid  work  for  the  coal  companies  of  the  Erie  Railroad  and  of  the 
Temple  Iron  Company.  In  February,  1900,  before  he  had  any  official 
connection  with  any  of  the  anthracite  mining  companies.  Dr.  Shields 
organized  a  first-aid  society  consisting  of  about  25  men  at  the  Jermyn 
colliery  of  the  Delaware  and  Hudson  Coal  Company.  The  method 
there  employed  is  the  one  now  carried  out  in  connection  with  the  coal 
companies  with  which  Dr.  Shields  is  connected,  and  is,  in  general,  the 
method  used  by  the  other  organizations  throughout  the  anthracite 
region. 

For  the  general  reader  it  will  suffice  to  say  that  the  men  receiving 
first-aid  instruction  are  divided  into  squads  of  usually  5  or  6  each, 
each  squad  having  its  captain,  and  each  squad  being  provided  with  a 
small  box  containing  first-aid  appliances  such  as  absorbent  cotton, 
tourniquet,  splints,  lime-water,  aromatic  spirits  of  ammonia,  etc. 

The  general  course  of  instruction  for  first-aid  men  includes  the 
following  subjects: 

1.  Shock  and  its  treatment. 

2.  The  treatment  of  hemorrhage. 

3.  Fractures  and  the  immediate  care  of  the  same.  Methods  of 
practical  instruction  for  such  cases  are  illustrated  on  the  next  page. 

4.  Bandaging  and  the  proper  application  of  dressing  to  be  used 
in  case  of  injury. 


FIGS.   5,  6.    PRACTICAL  INSTRUCTION  FOR  THE  PROPER  IMMEDIATE  CARE  OF  FRACTURES. 
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5.  The  treatment  of  burns. 

6.  Electric  shock. 

7.  Artificial  respiration. 

8.  The  handling  of  patients  by  one,  two,  three,  or  four  bearers, 
either  with  or  without  a  stretcher,  and  methods  of  transferring  from 
a  stretcher  to  an  ambulance  or  a  bed.  (Figures  5,  6.) 

The  first-aid  men  are  given  to  understand  distinctly  that  they  are 
to  act  only  in  emergency  cases,  and  in  no  case  are  they  to  attempt 
to  replace  a  physician  or  surgeon,  who  should  be  summoned  as  quickly 
as  possible. 


FIG.    7.      FIELD    WORK    IN    FiKSi-AID    TREATMENT. 
Relieving  a  supposed  case  of  shock  from  contact  with  a  live  wire. 

One  or  two  of  the  first-aid  men  frequently  accompany  a  patient  to 
his  destination  at  his  home  or  the  hospital,  but  they  are  forbidden  to 
continue  in  charge  of  a  case  after  the  patient  has  come  under  the 
charge  of  a  surgeon. 

The  use  of  alcoholic  stimulants  by  first-aid  men  is  forbidden,  ex- 
cepting under  a  physician's  directions,  and  if  stimulation  is  needed  be- 
fore the  arrival  of  a  physician,  black  coifee  and  aromatic  spirits  of 
ammonia  are  prescribed. 
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FIG,    8.      FIELD    "events"    IN    COMPETITIVE    FIRST-AID    DRILLS. 
Carrying  patient  in  four-hand  chair. 

Simplicity  and  the  avoidance  of  all  unnecessary  technical  terms 
are  essential  to  the  success  of  this  work. 

As  a  general  rule  the  anthracite-mining  companies  divide  their 
mines  into  districts  and  sub-districts,  a  district  including  several 
sub-districts  and  each  sub-district  including  several  collieries.  In  order 
to  arouse  and  keep  up  the  interest,  competitive  tests  are  held  by  some 
of  the  companies  between  teams  in  a  given  district,  and  there  is  an 
annual  field  day  at  which  the  winning  teams  in  each  district  come  to- 
gether for  the  final  contest.  These  field  days  are  held  in  the  late 
summer  or  early  autumn  at  some  pleasure  resort,  and  they  have  come 
to  be  looked  upon  as  one  of  the  yearly  features  about  the  mines.  The 
nature  of  the  events,  or  the  "stunts"  done  by  the  first-aid  corps,  will 
be  seen  by  the  following  list  of  events  at  a  contest  recently  held. 

First  Event:  The  subject,  supposed  to  be  insensible  from  the 
effects  of  gas  and  thoroughly  helpless,  was  laid  on  a  blanket.  One 
man  then  picked  him  up  and  carried  him  fifty  feet,  laid  him  down  and 
performed  artificial  respiration  for  one  minute. 

Second  Event  :  The  patient  was  supposed  to  be  insensible  from 
electric  shock  and  was  lying  over  a  wire.  One  man  took  him  off  the 
wire,  carried  him  thirty  feet,  and  performed  artificial  respiration. 
(Figure  7.) 
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Third  Event:  The  subject  was  supposed  to  have  a  simple  frac- 
ture of  thic  left  leg  between  the  knee  and  the  ankle  and  to  be  con- 
scious, and  was  carried  fifty  feet  by  two  men  forming  a  four-handed 
seat.     (Figures.) 

Fourth  Event  :  The  subject  was  supposed  to  have  a  simple  frac- 
ture of  the  right  leg  and  the  other  men  were  to  splint  the  fracture 
with  hay  and  mine  sprags.  They  then  made  a  temporary  stretcher 
of  two  coats  and  two  mine  drills,  placed  the  man  on  the  stretcher, 
carried  him  fifty  feet  and  (Figure  9)  took  him  off  the  stretcher. 

Fifth  Event:  The  subject,  supposed  to  have  a  wound  in  the 
right  temple  or  in  the  nose,  was  dressed  by  one  man  with  the  appli- 
ances found  in  a  first-aid  packet.     (Figure  10.) 

Sixth  Event:  The  subject  was  supposed  to  have  a  broken  leg 
and  a  broken  arm  and  to  be  unconscious.  The  contestants  per- 
formed artificial  respiration,  dressed  the  wounds  so  as  to  stop  the 
hemorrhage,  applied  temporary  splints  to  the  fracture,  placed  the 
patient  on  a  stretcher,  and  carried  him  fifty  feet  or  more,  passing  on 
the  way  over  a  loaded  mine  car  over  which  there  was  but  little  head 
room  (Figure  11),  a  fence  (Figure  12),  and  a  pile  of  rock  (Figure 
13),  and  placed  the  stretcher  in  an  ambulance. 


FIG.    9.      COMPETITIVE    FIKST-AID    DRILLS. 
Field  treatment   for  fracture,   with  improvised  splints. 

Special  cups  are  offered  for  teams  contesting,  and  members  of  the 
winning  teams  usually  receive  medals  so  designed  that  if  a  team  is 
successful  several  succeeding  years  an  additional  bar  is  added  to  the 
medal  each  year  to  show  this  fact.     (Figure  14.) 
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FIG. 


10.      COMPETITIVE    DRILL    IN    BANDAGING    FOR    VARIOUS    INJURIES. 

A  very  realistic  event  was  brought  out  at  the  local  field  day  of  the 
Mayfield  First  Aid  Association  and  afterv^ards  repeated  at  the  gen- 
eral field  day  of  the  Erie  Companies  at  Valley  Vievv^  Park  on  October 
3,  1908.    This  represented  a  mine  accident  and  rescue  by  the  first-aid 


FIG.    II.      DRILL   IN    CARRYING    STRETCHER    UNDER   LIMITED    HEAD    ROOM. 


FIGS.    12,    13.      DRILL   IN   CARRYING  STRETCHER  OVER  FENCE  AND  ROCKS. 
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FIG      14.      MEDAL     AWARDED     WINNING 

TEAM    IN    COMPETITIVE    FIRST-AID 

DRILLS. 


corps.  A  structure  had  been  built 
(Figures  15  and  16),  represent- 
ing a  mine  passageway  with  one 
side  removed  so  that  the  interior 
could  be  seen.  The  face  was  built 
up  with  large  blocks  of  coal,  a 
track  had  been  partly  laid  up  to 
it,  and  on  this  was  a  mine  car 
partly  loaded.  Back  of  this  was 
the  miner's  box  in  which  he 
keeps  his  powder  and  tools.  The 
whole  display  was  very  realistic 
as  well  as  the  method  of  carrying 
it  out.  The  miner  and  laborer 
came  to  the  face  and  the  laborer 
finished  loading  the  coal  while 
the  miner  drilled  the  hole  in  the 
face.  The  driver  then  brought 
his  mule,  hauled  out  the  car,  and 
then  the  miner  loaded  the  hole,  lighted  his  squib  and  retired.  After 
the  shot  had  fired  the  miner  made  the  error  which  has  cost  so  many 
lives,  for  he  and  the  laborer,  wi^-hout  especial  care,  returned  to  the 
face  immediately  to  see  the  result  of  the  shot.  As  they  reached  the 
face,  by  an  ingenious  arrangement,  the  top  was  made  to  fall  and  the 
miner  is  shown  in  the  illustration  as  covered  by  the  falling  roof, 
which  in  this  case  consisted  of  light  boards  over  which  bags  of  hay  had 
been  placed.  The  driver  soon  appeared  and  shouted  to  the  miner  to 
know  if  the  car  of  coal  was  ready,  but  getting  no  answer  he  repeated 
the  question  in  the  regulation  forcible  driveresque  language.  Then 
getting  no  reply  he  went  cautiously  toward  the  face,  and  finding  what 
the  trouble  was  went  back  and  called  for  help.  The  first-aid  corps 
arrived,  but  advanced  with  care,  testing  the  roof  as  they  went  and 
pulling  down  loose  pieces  that  were  liable  to  fall.  The  miner  and 
laborer  were  then  dug  out  from  beneath  the  fall  of  roof,  taken  to  a 
place  of  safety  and  first  aid  rendered,  the  whole  exhibition  being  ex- 
ceedingly realistic  and  well  carried  out. 

The  interest  taken  by  the  men  in  these  contests  is  evidenced  by 
the  fact  that  many  of  the  corps  now  have  very  trim  and  tidy  white 
duck  costumes  with  appropriate  first  aid  and  red  cross  insignia  upon 
the  sleeves  and  caps. 

Another  interesting  feature  of  the  field  day  of  the  Erie  Companies 
for  1908  was  the  drill  by  the  boys. 
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FIGS.    15,    16.      REPRESENTATION    OF    ACCIDENT   FROM    FALL   OF   LOOSE   ROOF,    WITH 

FOLLOWING   RESCUE    OF   VICTIM. 

Especial  significance  and  importance  is  attached  to  the  1908  field 
day  of  the  Erie  Companies,  as  the  judges  were  then  for  the  first  time 
representatives  from  the  Surgeon-General's  office  of  the  United  States 
Army,  detailed  by  the  Secretary  of  War  for  this  particular  duty. 

This  recognition  of  first-aid  work  by  the  National  Government 
shows  that  the  War  Department  realizes  that  the  thousands  of  mine 
workers  in  the  anthracite  field  who  have  been  trained  for  first-aid 
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work  could  render  valuable  service  in  the  hospital  corps  of  the  army, 
in  case  of  war,  as  was  so  done  by  the  St.  John's  Ambulance  Corps, 
of  England,  in  the  Boer  War  of  1900.  The  Hillside  and  the  Penn- 
sylvania Coal  companies  now  have  about  1,000  trained  first-aid  men 
among  their  15,000  employes;  the  Philadelphia  &  Reading  Coal  and 
Iron  Co.  undoubtedly  has  several  times  this  number  among  its  30,000 
employes,  while  most  of  the  other  anthracite  companies  have  large  and 
constantly  growing  bodies  of  men  trained  to  render  first-aid  service  in 
case  of  accident. 

The  value  to  any  community  of  men  trained  to  render  first  aid  is, 
however,  fortunately  not  dependent  upon  the  unlooked  for  contin- 
gency of  war,  nor  even  upon  the  serious  accidents  that  are  the  neces- 
sary accompaniment  of  every  form  of  mining,  for  the  presence  of 
numbers  of  such  persons  in  any  industrial  region  is  a  valuable  addi- 
tion to  the  working  machinery  for  taking  care  of  the  accidents  that 
are  unavoidable  accompaniments  of  industry. 

In  one  of  the  smaller  towns  of  the  Schuylkill  region  of  Pennsyl- 
vania, upon  the  occasion  of  a  recent  railroad  wreck,  there  was  an  im- 
mediate call  for  "some  of  those  Philadelphia  &  Reading  first-aid 
men."  At  the  time  of  an  accident  on  the  Lackawanna  road  the  hos- 
pital car  from  the  mines  reached  the  scene  of  the  accident  as  quickly 
as  the  local  physician. 

At  the  field  competitions  many  persons  see  for  the  first  time  how 
to  care  for  the  injured  properly,  and  in  this  way  at  least  a  partial 
knowledge  of  first  aid  is  taken  to  many  homes  throughout  the  region 
that  would  not  otherwise  be  reached.  Such  field  days  moreover  have 
a  value  beyond  their  first-aid  features,  for  if  the  men  and  their  fam- 
ilies are  brought  together  for  social  intercourse,  they  thus  tend  to 
create  an  esprit  de  corps  which  otherwise  is  too  frequently  lacking 

These  instances  are  given  merely  to  show  that  the  first-aid  move- 
ment is  far-reaching  in  its  value  and  is  not  confined  to  the  mines  for 
which  it  was  primarily  intended ;  it  has  a  wider  value.  The  value  of 
first-aid  assistance  has  been  demonstrated  beyond  peradventure,  and 
any  assistance  that  can  be  given  the  movement  through  official  recog- 
nition by  the  State,  or  even  by  the  National  Government,  should  be 
given. 


METHODS  OF  THE  SANTE   FE:   EFFICIENCY    IN 
THE  MANUFACTURE  OF  TRANSPORTATION. 

By  Charles  Buxton  Going. 

IV.     ADMINISTRATION,    SUPERVISION    AND    EXTENSION    OF    THE    BONUS 

SYSTEM. 

The  series  of  which  this  article  is  the  fourth  began  in  our  March  issue.  Preceding  parts 
have  summarized  the  chief  problems  of  the  Santa  Fe  and  their  solution,  the  stores-keeping 
system  in  its  relations  to  the  mechanical  department  and  the  manufacturing  organization  in 
the  shop,  and  the  general  outline  of  the  "efficiency  methods."  The  present  installment  traces 
the  extension  of  the  bonus  plans.  A  concluding  paper  in  July  will  cover  the  apprenticeship 
system  and  other  characteristic  relations  with  employees. — The  Editors. 

IN  administering  the  Santa  Fe  bonus  system,  the  essential  purpose 
is  not  rigid  maintenance  of  a  fixed  form  under  hard  crystaUized 
conditions,  but  continuous  adaptation  of  a  Hving  organization  to 
an  expanding  system.  ''Administration"  and  ''extension"  are  there- 
fore practically  synonymous  terms.  The  preparation  of  the  23,000 
standard  schedules  referred  to  in  the  precedmg  article  is  manifestly 
a  gigantic  work,  and  a  work  which  even  when  once  substantially 
com.pleted  must  still  be  subject  to  continual  readjustment  under  con- 
tinually changing  conditions.  At  present,  as  already  stated,  the  re- 
cognition and  outlining  of  operations,  and  their  scheduling  with  suffi- 
cient definiteness  for  bonus  purposes,  has  covered  most  of  the  jobs 
done  in  all  the  shops  of  the  road.  The  reduction  of  these  schedules 
to  standard  form  and  standard  wording,  which  is  the  next  great  step, 
is  making  rapid  progress  coincidently  with  the  use  in  daily  work  of 
the  schedules  not  yet  fully  standardized. 

The  May  article  in  this  series  reviewed  the  main  outline  of  this 
work.  It  remains  to  consider  the  executive  force  by  which  it  is 
carried  on,  and  the  methods  by  which  standardization  is  reached, 
first  in  the  definition  of  the  work  expressed  by  the  schedule,  and  sec- 
ond in  the  time  fixed  for  each  schedule  at  each  shop. 

These  times,  it  may  be  well  to  repeat  by  way  of  reminder,  are 
determined  by  local  conditions  of  equipment,  facilities,  labor,  etc., 
and  may  vary  considerably  as  between  diflferent  shops  on  identically 
the  same  job. 
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Each  of  the  four  grand  divisions  of  the  system  has  its  general 
bonus  supervisor,  and  each  large  shop  has  its  local  supervisor.  The 
determination  of  the  standard  times  is  made  under  the  jurisdiction 
of  the  local  supervisor.  His  time  schedules  are  then  submitted  to  the 
general  supervisor  for  criticism,  and  comparison  with  the  times  fixed 
for  similar  operations  at  other  points  on  the  division  can  thus  be 
made.  The  figures  next  go  to  the  master  mechanic  for  approval,  and 
having  received  this  they  become  as  a  rule  operative,  at  least  tenta- 
tively or  temporarily.  They  must,  however,  be  submitted  to  the 
mechanical  superintendent  and  to  the  assistant  superintendent  of 
motive  power,  successively,  and  they  do  not  become  finally  and  per- 
manently operative  until  the  assistant  superintendent  of  motive  power 
has  returned  them  with  his  confirmation. 


S:int:i  l'"e  Yvnu  -203'.'  St;ui.l;ir.l 

TNDIVIDUAI.  KFFOK'l'  SCHKMI.h 

Scheilule  Xo. 

Macliine Standard  Cost Staiularl  Time 

Sliop  ..Standard  Rate Sta;ulai-d  lioims 


Checked  by Approved  by 

Master  ileihanii; 


Approved  by 


Mechrinii'.il  Superiiiteiulent 


Bonus  Supervisor 


Absi.  Siipt.  Motive  Power 

The  EiKjincfvinij  Magazine 


FORM   2039.      FORM   FOR  SUBMISSION   OF  A    NEW   SCHEDULE  FOR   APPROVAL. 

A  thin  sheet  8  by  5  in.  Made  out  after  a  schedule  has  been  prepared  by  careful  time  study; 
a  detailed  description  of  the  work  is  filled  in,  with  the  other  data  indicated,  and  sigi\ed  by 
master  mechanic,  bonus  supervisor,  mechanical  or  shop  superintendent,  and  assistant  superin- 
tendent of  motive  power.  After  final  approval,  the  six  copies  provided  are  filed  in  the  offices 
of  superintendent  of  motive  power,  assistant  superintendent  of  motive  power,  mechanical 
superintendent,  motive-power  accountant,  bonus  supervisor  and 
master  mechanic. 

The  local  bonus  supervisor  has  charge  not  only  of  the  initial 
fixing  of  standard  times,  but  also  of  seeing  that  schedules  after 
adoption  are  properly  applied.  He  also  supervises  all  general  better- 
ment work  such  as  standardizing  of  tools,  introduction  of  improve- 
ments in  operations,  etc.,  and  in  connection  with  the  general  foreman 
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he  follows  up  the 
time  schedule  for 
engine  repairs  de- 
scribed last  month. 
In  each  depart- 
ment of  the  shop, 
round-house,  etc., 
there  are  time- 
keepers whose 
duty  it  is  to  record, 
from  personal  ob- 
servation, every 
job  upon  which 
each  man  is  en- 
gaged. These  time- 
keepers, and  also 
the  clerks  who 
compute  bonus 
from  the  time- 
keepers' records, 
are  directly  sub- 
ordinate to  the 
head  bonus  clerk, 
who  in  turn  re- 
ports  to  the 
master  mechan- 
ic's chief  clerk. 
The  work  of  the 
timekeepers  in  re- 
cording the  jobs 
and  of  the  clerks 
in  computing  bon- 
uses is  checked  at 
intervals  by  the 
traveling  motive- 
power  accountant. 
This  establishes 
intimate  connec- 
tion between  the 
efficiency  work  and 
the       accounting 
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Forii.  220i 

'Standard 

YEAR  14 

BONUS  TIME  RECORD                             DEPT. 
NAATR                                                                                        NO.                         RATE 

MO. 

MO. 

1 

Effipieney  <                           Bonus  $ 

Effioiftnfv  t                             Bonus  ift                        1 

1 

Car  No. 
or  Charge 

Date 

Hours 
on  Bonus 

StaiularJ 
Hours 

Dfffctive 

V\ork 
Deduction 

Car  No. 
or  Charge 

Date 

J  lours 
ou  Bouus 

Standard 
Hours 

Defective 

Work 
Deduction 

Total 

,. 

Total 

The 

ElKjil 

crrini 

/  Magi 

izine 

FORM    2202.      INDIVIDUAL    BONUS    TIME    RECORD    CARD. 

Original,  is  a  stiff  card  T%.  by  6J4  in.,  ruled  alike  on  front  and  back  with  three  entry  sec- 
tions; the  reproduction  shows  but  two,  on  account  of  page  scale.  One  of  these  cards  is  made 
out  for  each  workman,  and  is  filled  with  his  records  for  all  bonused  operations  for  one 
month,  the  records  being  taken  daily  from  the  1254,  1241  and  1203  cards.  At  the  end  of  the 
month  the  totals  of  standard  and  actual  times  are  taken,  the  efficiency  of  the  man  is  com- 
puted, and  bonus  paid  accordingly.  These  cards  furnish  the  data  for  the  individual 
efficiency  report  and  the  regular  monthly  report. 

department.  The  number  of  timekeepers  in  any  department  depends 
upon  the  work  to  be  covered,  the  compactness  of  the  working  force, 
the  length  of  the  schedules,  etc.  One  timekeeper  may  easily  check  a 
hundred  workmen  employed  near  together  on  long  machine-shop  jobs, 


ECONOMY    AND    SYSTEM    IN    RAILROAD    SHOP  OPERATIONS. 

'In  the  babbitting  plant,  above,  crossheads  are  babbitted  without  planing.     Laterals  on  driving 
l)oxes,   rocker  boxes,  and  all  miscellaneous  work  is  done  here   by  one  man   at  29  cents  an 
"hour.     In  the  air  room,  below,  the  triple-valve  testing  rack  is  fitted  with  pneumatic  arrange- 
ments "allo'W'ing  this  class  df'WOrk  to  be  handled   with   great  rapidity 

and  certainty. 
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or  he  may  have  his  hands  full  keeping  track  of  twenty-five  men  widely 
scattered  about  the  place  on  short  schedules.  Effort  is  made  to  see 
every  man  for  whom  the  timekeeper  is  responsible  every  thirty  min- 
utes, but  much  of  course  depends  upon  the  class  of  work  in  progress. 
Timekeepers  are  chosen  wherever  possible  from  helpers  or  others 
familiar  with  the  jobs  in  their  departments,  the  names  of  parts,  etc. 
Each  operation  is  recorded  on  a  regular  card  showing  the  operation 
and  symbol,  the  time  taken,  and  the  standard  time  set  for  the  job. 
This  latter  is  filled  in  from  the  standard  shop  schedule  with  which 
the  timekeeper  is  provided.  For  gang  work  or  pooled  schedules,  the 
time  record  of  the  leader  or  gang  boss  is  kept  and  serves  for  the  others. 


Form  '20-2^  Standard                                                   8G874 

Santa  Fe. 

INDIVIDUAL  EFFORT  CHECK 

Date 

Soh.  No : 

No.                      ...         -       .. 

Mach.  No 

.    ......  is  entitled  to  $ 

ACTUAL  STANDARD 

Remarks  .... 

--DATE TIME TIME EFFICIENCY 

Checked  by 

' 

The  Eugineeriny  Magazine 

FORM    2022.      INDIVIDUAL    RECORD    OF    WORK. 

A  thin  slip  3J4   by  2  in.,  printed  in  perforated  sheets,  each  slip  numbered  serially.      Issued 

to  the  men  to  keep  them  informed  promptly  and  accurately  of  their  efficiency 

and  bonus  to  which  they  are  entitled. 

The  record  of  each  man  as  returned  to  the  office  daily  on  the 
timekeeper's  cards  is  entered  by  clerks  on  the  individual  bonus  time 
record,  Form  2202  (page  341).  As  already  explained,  the  exact  time  of 
each  separate  job  is  not  essential  for  bonus  purposes,  the  calculation 
being  made  on  the  ratio  between  the  total  wage  hours  actually  worked 
during,  say,  a  month,  and  the  total  standard  hours  of  jobs  completed 
during  the  same  period.  Jobs  unfinished  and  carried  over  from  one 
period  to  another  naturally  equalize  themselves.  For  accounting  pur- 
poses, however,  the  time  is  distributed  by  the  timekeepers  to  the 
various  engine  or  car  numbers  or  accounts. 

The  extensions  of  the  Santa  Fe  bonus  system  which  oflfer  the 
greatest  interest  are  probably  those  that  carry  it  out  of  the  more 
familiar  field  of  the  shops  and  into  other  phases  of  operation  under 
the  mechanical  department.  In  this  movement,  especially,  is  the 
breadth  and  progressiveness  of  the  Santa  Fe  policy  most  apparent — ■ 
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RACKS    BEHIND    THE    BLACKSMITH    SHOP,    SAN    BERNARDINO. 
For  methodical  storage  and  arrangement  of  dies,  tongs,  and  tools  of  various  kinds. 

the  progressiveness  which  is  in  advance  even  of  the  best  manufactur- 
ing practice.  Few  among  the  manufacturing  plants  which  have  been 
prominent  in  the  acceptance  of  the  bonus  system  have  shown  as 
much  activity,  fertiHty,  and  ingenuity  as  the  mechanical  officials  of 
the  Santa  Fe  in  applying  the  bonus  principle  to  unproductive  labor. 
An  outline  of  these  applications  to  the  work  of  foremen,  power-house 
labor,  engine  supplies,  engine  repairs,  and  road  supervision  of  engines, 
is  not  only  suggestive  of  measures  valuable  for  adaptation  elsewhere, 
but  is  also  prophetic  of  possibilities  in  other  departments  of  railroad 
operation  which  it  remains  with  the  future  to  realize. 

foremen's  bonus. 

The  wisdom  of  the  Santa  Fe  bonus  system  for  the  promotion  of 
efficiency  does  not  rest  merely  with  provision  of  a  stimulus  to  the  in- 
dividual worker  or  the  working  gang.  It  realizes  that  much  depends 
upon  enlisting  the  personal  and  material  interests  of  the  man  who  is 
directing  the  work,  as  it  falls  within  his  power  to  affect  the  economy 
of  operation  to  a  very  important  degree,  by  the  use  of  discrimination 
and  forethought  in  the  assignment  of  work  and  in  the  avoidance  of 
delays  or  causes  of  delay. 

Bonus  is  therefore  paid  to  foremen  at  a  rate  depending  upon  two 
principal   factors — first,  the  proportion  of  all  time  worked  in  their 
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shop  that  has  been  brought  under  bonus  schedules,  and,  second,  the 
average  efficiency  attained  in  the  performance  of  all  the  work  under 
those  standard  schedules.  It  is  thus  equally  to  the  foreman's  interest 
to  have  bonus  schedules  applied  to  all  work  under  his  charge,  and  to 
have  his  men  better  the  schedule  times  after  they  have  been  intro- 
duced. In  short,  it  is  to  his  personal  advantage  to  work  first  for 
the  introduction  of  the  system,  and  then  for  the  results  which  the 
system  is  designed  to  produce. 

The  application  of  the  double  standard  in  fixing  the  foreman's 
bonus  is  accomplished  as  follows :  As  a  preliminary  basis,  a  bonus 
addition  to  the  foreman's  wages  is  made  corresponding  to  the  effi- 
ciency shown  by  the  shop  as  a  whole,  following  in  this  preliminary 
addition  the  regular  bonus  curve.  This  bonus,  therefore,  begms  at 
66J/2  per  cent  efficiency,  and  at  100  per  cent  efficiency,  as  an  average 
for  the  shop,  the  bonus  added  to  the  foreman's  wages  would  be  20 
per  cent  of  those  wages,  or  just  the  same  proportion  as  would  be 
paid  to  a  workman  showing  100  per  cent  efficiency. 

In  the  case  of  the  foreman,  however,  this  bonus  is  subject  to 
further  modification,  depending  on  the  proportion  of  time  worked 
in  his  shop  under  bonus  schedules.  If  66^  per  cent,  of  all  the  time 
on  his  payrolls  is  under  bonus  schedules,  his  bonus  already  granted 
on  the  ground  of  average  efficiency  remains  unchanged;  if  less  than 
66j^  per  cent  of  all  the  time  on  his  payrolls  has  been  brought  under 
bonus  schedules,  the  bonus  granted  for  average  efficiency  is  reduced ; 
while  if  more  than  66y2  per  cent  of  his  payroll  has  been  worked 
under  the  standard  schedules,  the  bonus  granted  preliminarily  for 
average  efficiency  is  still  further  increased.  This  increase  and  de- 
crease are  on  a  sliding  scale.  If  only  one-third  of  the  work  done  in 
the  shop  has  been  done  on  bonus  schedules,  the  deduction  is  equal  to 
100  per  cent  of  any  bonus  which  the  foreman  might  have  received 
for  high  efficiency  in  the  performance  of  that  one-third  of  the  work. 
If,  on  the  other  hand,  100  per  cent  of  the  work  in  the  shop  has  been 
done  on  bonus  schedules,  the  foreman  receives  another  10  per  cent 
of  his  wages  as  bonus,  in  addition  to  the  bonus  corresponding  to  the 
average  efficiency. 

For  example,  suppose  the  monthly  returns  for  a  certain  shop 
show  that  80  per  cent  of  the  actual  hours  worked  were  on  bonus 
schedules,  and  that  the  average  efficiency  of  all  this  scheduled  work 
was  85  per  cent.  The  foreman  would  receive,  first,  a  bonus  addition 
of  6.17  per  cent  of  his  wages,  corresponding  to  85  per  cent  efficiency. 
He  would  then  receive  a  further  addition  equal  to  1.64  per  cent  of 
his  wages,  corresponding  to  80  per  cent    time  worked  on  bonus,  for 


SPECIAL    FEATURES    OF    SHOP    EOl  IPMENT. 

The  flue  welder,  above,  has  a  fan  installation  connected  witli   the  fly  wheel   of  the  welder,  to 

cool  the  operator  who  stands  directly  in   front  of  the  machine.      The  combination  punch  and 

shears  below  have  an  up-to-date  motor  drive,  and  the  machine  (which  cuts  ^Yz  inch  round  or 

square,  and  punches  a  2J'2-inch  hole  in  2-inch  iron)   is  tended  by  Mexican  labor 

at  15  cents  an  hour. 
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this  accounl.  Suppose,  further,  as  a  contrasting  case,  that  in  another 
shop  but  43  per  cent  of  the  total  number  of  hours  worked  have  been 
on  bonus  schedules,  but  that  this  scheduled  work  again  shows  85 
per  cent  efificiency.  The  computation  of  the  foreman's  bonus  would 
again  assume  6,17  per  cent  of  his  wages  as  the  addition  correspond- 
ing to  the  85  per  cent  efficiency ;  but  the  deduction  from  this  due  to 
the  small  proportion  of  his  shop  time  brought  under  bonus  schedule 
(43  per  cent)  would  be  49.55  per  cent  of  the  6.17  per  cent  first 
credited,  leaving  his  net  bonus  only  about  3.1 1  per  cent  of  his  wages. 

ABSTRACT  OF  TABLE  FOR  CALCULATION  OF  FOREMEN'S   BONUS. 


Per  Bonus        Bonus  Per                Per          Bonus         Bonus          Per 

cent  on  per       on  per  cent                cent          on  per       on  per       cent 

hours  cent            cent  deduc-            hours           cent            cent        deduc- 

or  effi-  hours           effi-  tion.            or  effi-        hours           effi-           tion. 
ciency.       worked.       ciency. 

33%  100.00 

34  ....              ....  92.55 

35  ••• 88.50 

36  ....             ....  83,10 

Z7  ....            ....  77-8o 

38  ....             ....  72.65 

39  67.60 

40  62.80 

41  ....             ....  58.10 

42  ....             ....  5370 

43  ••••             ••••  49.55 

44  ..••             ••••  45.55 

45  41.60 

46  ....             ....  37.80 

47  ....             ....  34.20 

48  30.85 

49  •  •  •  •             •  •  •  •  27.65 

50  ....             ....  24.60 

51  ....             ....  21.65 

52  18.90 

53  16.85 

54  I4-00 

55  11.90 

56  ....             ....  9.95 

57  ....             ....  8.20 

.S8  6.50 

59  ....             ....  5.10 

60  3.80 

6t  2.75 

62  ....             ....  1.85 

63  1. 10 

64  .55 

65  ....             ....  .20 

66  ....  .0!^ 

66.5  : 

^7 
68 

The  "bonus  on  hours  worked"  and   "bonus  on  efficiency"  are  both  expressed  in  percentages 

of  the  foreman's  regular  wages  for  the  bonus  period.    Thq  "deduction"  made  when  less 

than  66.5  per  cent  of  the  shop  hours  are  worked  on  bonus  schedules  is  expressed  in 

percentage  of  the  bonus  which  otherwise  would  accrue  on  account   of 

efficiency — iwt   m    jiercentage   of  wages. 


01 
02 
06 


.01 
.02 
.II 


Per 

cent 
hours 
or  effi- 
ciency. 

70% 

71 

72 

7Z 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 
88 

89 
90 

91 
92 

93 
94 
95 
96 
97 
98 

99 
100 

lOI 

102 
T03 
104 

105 
T06 


Bonus 

on  per 

cent 

hours 

worked. 

.11 

.19 

.28 

.38 

.51 

.86 

.82 
1. 00 
1. 19 
1.40 
1.64 
1.89 
2.17 
256 
2.77 
309 

3.78 
4.16 
4.56 
4.96 

5.37 

5.81 

6.28 

6.76 

7.26 

7.78 

8.31 

8.85 

9.26 

10.00 


Bonus 
on  per 
cent 
effi- 
ciency. 
.22 
■Z7 
.55 
.76 
1.02 

1.31 
1.64 
1.98 

2.39 
2.80 

Z-V 
3.78 

4-33 
4.92 

5.53 
6.17 

6.84 
7.56 
8.32 
9.11 
9.91 

TO.74 
11.62 
12.56 
13.52 
14.52 
15.56 
16.62 
17.70 
T8.81 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 
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ROAD  FOREMEN  OF  ENGINES. 

The  bonus  award  to  road  foremen  of  engines  is  similar  in  spirit 
and  purpose  to  that  given  to  foremen  of  shops.  It  is  designed  to 
enlist  careful  observation  of  the  condition  of  efficiency  and  economy 
in  the  supervision  and  direction  of  work  performed  by  the  rank  and 
file  of  employees,  as  well  as  in  the  mere  performance  of  separate 
individual  jobs.  Furthermore,  as  shown  in  the  description  of  the 
care  of  motive  power,  much  dependence  is  placed  on  the  road  fore- 
man's report  of  necessary  repairs,  and  a  method  connecting  the  per- 
sonal advantage  of  the  road  foreman  with  the  exercise  of  the  best 
judgment,  and  the  best  economical  practice  in  executing  those  repairs, 
can  hardly  fail  to  be  reflected  in  improved  operating  costs  to  the  road. 
The  bonus  to  the  road  foreman  is  based  upon  a  group  of  standards. 
These  are :  the  cost  of  repairs  to  freight  engines  per  engine  mile ;  the 
pounds  of  fuel  for  freight  engines  per  i,ooo  ton-miles;  the  miles  run 
per  engine  failure,  both  freight  and  passenger ;  the  cost  of  lubricants 
charged  to  freight  engines;  the  cost  of  other  supplies  charged  to 
freight  engines;  and  the  average  mileage  of  engines  between  shop- 
pings, both  freight  and  passenger.  These  several  elements  are  not  all 
of  equal  importance  in  the  calculation,  the  relative  values  given  to 
them  being  shown  in  the  subjoined  table. 

Relative 
Values. 
Cost    of    freight-engine    repairs   per    engine-mile,    12   months' 

average   5 

Pounds  of  fuel,  freight  engines  per  1,000  ton-miles,  12  months' 

average  5 

Miles  per  failure,  freight  and  passenger  engines,   12  months' 

average   3 

Cost  of  lubricants  per  100  engine-miles,  12  months'  average...  i 
Cost  of  other  supplies  per  100  engine-miles,  12  months'  average  i 
Mileage    of    freight   engines    between    shoppings,    12    months' 

average   3 

Mileage  of  passenger  engines  between  shoppings,   12  months' 
average  2 

The  total  efficiency  of  locomotive  performance  is  determined  by 
averaging  the  efficiencies  under  each  of  the  headings  above,  allowing 
to  these  several  elements  a  weight  in  the  average  proportionate  to  its 
"relative  value"  factor.  Where  there  is  more  than  one  road  foreman 
on  a  division,  the  bonus  corresponding  to  the  efficiency  of  locomotive 
performance  on  that  division  is  credited  to  each  separately  according 
to  his  individual  wages.  The  allotment  of  mileage  between  shoppings 
varies  as  between  different  divisions  of  the  road,  and  as  between  pas- 
senger and  freight  service.  On  the  Los  Angeles  division,  for  in- 
stance, it  is  30,000  miles  for  freight  and  50.000  miles  for  passenger 
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ONE    END    OF    THE    NEEDLES    ROUND    HOUSE. 
Showing  standards   of  light   and  ventilation. 

engines,  while  on  the  Valley  division  it  is  60,000  miles  for  freight  and 
90,000  miles  for  passenger  engines. 

The  adoption  of  the  multiple  standards  as  a  basis  serves  to  provide 
an  excellent  balance  of  interests,  to  act  automatically  as  a  check 
against  the  temptation  to  force  the  repairs  away  from  a  proper 
measure  in  either  direction.  Thus,  if  repairs  are  improperly  cut 
down  in  the  effort  to  make  the  average  per  engine-mile  small,  the 
inevitable  result  would  be  less  mileage  between  shoppings,  and  the 
bonus  gained  on  the  first  account  would  be  cut  down  on  the  second. 
On  the  other  hand,  if  shopping  were  postponed  longer  than  expedient 
so  as  to  increase  the  mileage,  the  bad  condition  of  the  engine  would 
necessitate  heavier  running  repairs,  and  so  comparison  with  that 
standard  would  become  unfavorable. 

Master  Mechanics'  Schedule. 

The  purpose  of  extending  bonus  to  master  mechanics  is  to  identify 
them  with  the  efficiency  and  economy  in  operation  attained  on  their 
divisions,  and  to  share  with  them  a  proportion  of  the  savings  effected 
by  their  efforts.  In  determining  how  this  efficiency  shall  be  measured 
for  the  purposes  of  the  schedule,  eight  bases  are  adopted,  designed 
to  correspond  with  all  the  important  functional  activities  a  master 
mechanic  may  exercise  or  with  all  the  important  accounts  in  which 
his  watchfulness  and  ability  can  be  exercised  with  advantage  to  the 
operation  of  the  road.  These  eight  bases  are :  locomotive  repairs  per 
engine  mile ;  freight-car  repairs  per   freight-car  mile ;  passenger-car 
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WASTE    TUBS,    SAN    BERNARDINO    ROUND    HOUSE. 
A   suggestion   in   cleanliness,    order,    and   safety. 

repairs  per  passenger-car  mile;  shop  tools  and  machinery  per  engine 
mile ;  engine  mileage  between  shoppings ;  miles  per  engine  failure ; 
hours  of  detention  by  the  Mechanical  Department  per  freight  engmes 
assigned  (minus  the  time  of  engines  laid  up)  ;  and  total  Mechanical 
Department  expenses  (freight)  per  gross  ton  mile.  Efficiency  under 
each  of  these  heads  is  determined  by  the  ratio  of  the  figures  obtained 
on  the  division  to  the  allotted  cost.  But  in  the  final  averaging  the 
eight  elements  are  unequally  weighted  according  to  the  scale  of  rela- 
tive values  shown  below :  Relative 

Values. 

I — Engine  repairs,  per  engine  mile,  in  cents 5 

2 — Freight-car  repairs,  per  car  mile,  in  cents 5 

3 — Passenger-car  repairs,  per  car  mile,  in  cents ^ 

4 — Shop  tools  and  machinery,  per  engine  mile,  in  cents r 

5 — Mileage  between  shoppings,  freight  and  passenger  engines,  in  miles.       3 

6 — Miles  per  failure,  freight  and  passenger  engines,  in  miles i 

7 — Hours  detention,  per  engine,  in  hours 3 

8 — Total  mechanical  department  expense  per  gross  ton-mile,  in  cents.  .     20 

In  determining  the  bonus  allowance,  the  efficiency  under  each  item 
is  calculated  from  the  average  performance  for  the  12  months  pre- 
ceding; these  various  partial  efficiencies  are  given  the  relative  values 
shown  above.  The  resultant  grand  average  constitutes  the  efficiency 
of  the  division,  and  the  bonus  earnings  of  the  master  mechanic  are 
calculated  on  the  division  performance. 

POWER    HOUSE. 

Operating  and  maintenance  costs  are  carefully  investigated,  and 
the  averages  obtained  from  a  period  of  time  sufficient  to  equalize  all 
ordinary  irregularities  are  scheduled  on  the  basis  of  cost  per  boiler 


A    MODERN    SANTA    FE    POWER    PLAxXT. 
Engine  and  boiler  rooms,  Richmond,  California. 
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hour.  This  unit  permits  of  adjustment  to  any  condition  of  full  or 
partial  operation.  At  the  end  of  the  month,  the  actual  results  reduced 
4:0  actual  cost  per  boiler  hour  are  compared  with  the  standard,  and 
the  efficiency  of  operation  for  the  month  is  determined.  In  plants 
burning  coal  the  fuel  consumption  is  determined  from  the  average 
cost  of  coal  charged  to  the  plant  for  a  period  of  three  months ;  where 
oil  is  used  as  fuel  the  fuel  cost  per  boiler  hour  is  obtained  from  the 
actual  cost  of  the  oil  used  in  the  current  month.  The  fuel  efficiency 
of  the  plant  is  determined  by  the  ratio  between  the  actual  results  for 
a  given  month  and  the  averaged  results  established  as  a  standard 
basis.  Bonus,  if  earned,  is  determined  by  the  regular  efficiency  curve 
as  a  percentage  on  the  total  wages  cost,  and  is  divided  among  all 
employees  of  the  power  plant  pro  rata  according  to  their  wages  dur- 
ing the  same  period. 


COMPRESSOR,    PINTSCH-GAS    PLANT,    RICHAIOND     SHOPS. 

For   charging   the    gas    tanks    of   gas-lighted    Pullmans    and   coaches.      One    of    the    auxiliary 
industries  of  a  Santa  Fe  division  point. 

This  figure  is  further  modified  by  the  efficiency  shown  in  the 
maintenance  of  machinery  as  displayed  in  the  accounts  for  repairs 
and  supplies.  A  standard  allotment  is  made  for  this  maintenance 
expenditure ;  for  each  dollar  of  actual  cost  in  excess  of  the  allotment 
one-half  of  i  per  cent  of  any  bonus  allowed  for  fuel  efficiency  is  de- 
ducted, while  for  each  dollar  that  the  maintenance  costs  falls  below 
the  allotment  one-half  of  i  per  cent  of  any  fuel  efficiency  bonus  is 
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ENGINE-SUPPLY    ROOMS,    NEEDLES     ( ABOVE)     AND    SAN    BERNARDINO     (BELOW). 

Here  the  equipment  of  engines  in  the   shops  is  systematically  stored,   overhauleci,    repaired, 

and  kept  until  the  engines  go  out  again.    Over-equipment  is  removed  and  held 

for  renewals  or  replacements. 

added.  Of  these  additions  or  deductions  60  per  cent  is  apportioned 
to  the  chief  or  head  engineer  and  40  per  cent  equally  among  the 
other  engineers. 

ENGINE  SUPPLIES. 

In  planning  for  the  extension  of  the  bonus  system  to  the  engine- 
men,  the  officials  of  the  Mechanical  Department  of  the  Santa  Fe  have 
sought  to  develop  schedules  which  would  inform  engineers  and  fire- 
men accurately  of  the  conditions  and  costs  involved  in  the  proper 
maintenance  of  the  mechanical  equipment.     In  other  words,  the  en- 
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gine  schedules  refer  to  questions  of  materials  and  expense  dependent 
to  a  large  degree  on  the  enginemen's  judgment,  and  not  to  questions 
of  actual  work  performed.  In  fact,  they  bonus  the  engine  rather  than 
the  man.  They  bring  to  the  attention  of  enginemen  those  elements 
of  upkeep  which,  unlike  th^ir  own  labor,  are  not  clearly  visible  to 
themselves — that  is,  the  dollars  and  cents  expended  in  equipping, 
maintaining,  and  repairing  the  power ;  and  the  bonus  devised  for  any 
degree  of  savings  in  engine  supplies  or  engine  repairs  is  a  sort  of 
physical  measure  of  the  influence  which  has  been  exercised  by  thus 
systematically  showing  these  figures  of  costs,  reduced  to  a  time  or 
engine-mile  basis. 
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COST  OF  SMALL  SUPPLIES  FOR  ENGINES,  IN  CENTS  PER   100  ENGINE-MILES,  COAST 
LINES.      JUNE,    1906,    TO    JANUARY,    IQOp. 

The  engine-supply"^'  account  is  not  a  large  one.  On  the  Coast  Lines, 
for  example,  where  the  application  of  bonus  schedules  to  this  account 
has  been  most  thoroughly  studied,  the  whole  amount  involved  is  only 
$18,000  to  $20,000  a  year.  For  this  very  reason,  however,  the  possible 
effects  of  introducing  the  bonus  idea  to  a  class  of  employees  to  whom 
it  was  unfamiliar,  might  be  examined  with  special  advantage.  The 
problem  is  a  small  one,  and  the  results  might  be  demonstrated  so  that 
their  excellence  and  enduring  justice  would  become  clear  to  all. 


*  Engine  supplies  include  all  cab  fittings,  firing  and  other  tools,  lanterns  and  lamps, 
oil  cans,  buckets,  torches,  brooms,  engine  truck  or  tank  brasses,  switch  chains,  etc.  A  very 
interesting  feature  of  the  Santa  Fe  methods  is  the  standardization  of  this  equipment  and  its 
systematic  handling  and  upkeep  in  special  storerooms  under  special  custodians. 
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The  initial  step  was  the  assumption  that  a  suffieient  allowance  for 
small  supplies  would  be  one  cent  for  each  one  dollar  in  w^ages  paid  to 
the  engineer — the  engineer's  wages  being,  of  course,  on  a  mileage 
basis,  and  in  a  way  proportioned  to  the  exactions  of  the  service,  and 
therefore  affording  a  sliding  scale  closely  associated  with  the  neces- 
sary use  of  supplies.  On  further  consideration,  this  basic  allowance 
was  changed  to  give  freight  men  a  more  liberal  limit  oi  expenditure; 
and  on  further  thought,  still,  was  extended  to  include  lubrication. 
Recognition  of  success  in  keeping  within  the  allotted  allowance  is  ex- 
pressed in  ''merits,"  and  in  the  plans  as  first  devised  this  allotment  of 
merits  increases  progressively,  one  merit  being  awarded  for  the  first 
month  in  which  the  engineer's  expenditure  comes  within  the  allotted 
allowance,  two  for  the  second,  and  so  on  until  the  award  reaches  five 
merits  per  month,  success  in  keeping  within  the  allotted  expenditure, 
however,  being  determined  not  simply  on  the  figures  for  the  one  month, 
but  upon  the  average  of  five  months  preceding.  After  the  fifth  month 
the  award  for  keeping  within  the  allotment  remains  constant  at  five 
merits  per  month,  the  record,  however,  being  averaged  back  for  the 
entire  period  until  ten  months  have  elapsed,  and  being  taken  there- 
after from  the  average  of  ten  months  preceding  the  date  of  award. 
If  an  engineer  keeps  within  one-half  the  allotment,  he  would  receive 
double  the  number  of  merits  above  apportioned. 

Of  the  merits  thus  granted,  the  first  twenty  have  no  cash  value. 
They  tiierely  serve,  as  it  were,  to  run  the  man  up  to  the  point  at 
which  cash  allowances  begin.  All  merits  in  excess  of  the  first  twenty 
are  worth  15  cents  apiece,  and  conversion  into  cash  is  made  when 
a  man  has  accumulated  ten  convertible  merits,  or  a  total  of  thirty 
altogether,  the  account  being  made  up  and  adjusted  every  three 
months.  As  a  further  stimulus,  the  road  ofifers,  every  three  months, 
three  cash  prizes  of  $45,  $30,  and  $15  respectively,  to  the  men  making 
the  first,  second,  and  third  best  records.  The  example  on  page  356 
shows  how  the  system  might  w^ork  out  in  a  typical  case. 

In  the  example  given,  it  will  be  noted  that  not  until  the  twelfth 
month  does  the  average  cost  per  month  come  down  to  the  allotted 
cost  of  $1.50  per  month.  Then  for  the  first  time  a  credit  of  5  merits 
is  received.  After  this  the  use  of  supplies  keeps  almost  continually 
within  the  allotment.  Twenty  merits  have  been  secured  by  the  fif- 
teenth month,  but  as  the  first  twenty  have  no  cash  value  no  payment  is 
made  at  that  time.  By  the  eighteenth  month  40  merits  have  accrued, 
and  at  the  quarterly  settlement  20  of  these  are  paid  for  at  15  cents 
each,  making  a  total  of  $3.00.  The  100  merits  granted  in  the  twenty- 
seventh  month,  the  200  merits  in  the  thirtieth  month,  and  the  300 


Example  of  Variable  Record  in  Engine-Supply  Bonus  Earnings. 

Average  Wages  per  Month,  $150.00. 
Allotted  Cost  per  Month,  $1.50. 


Supplies 

Total 

Average 

[ont 

h.      actually 

cost 

cost               Merits 

Merits 

drawn. 

(10  mo.;. 

per  mo.           per  mo. 

accrued. 

I 

$8.00 

$8.00 

$8.00 

2 

8.00 

16.00 

8.00 

3 

.50 

16.50 

5-3,0 

4 

1.50 

18.00 

4-50 

.S 

18.00 

360 

6 



18.00 

3.00 

7 

8.60 

26.60 

3.80 

8 

.60 

27.20 

340 

9 

.70 

27.90 

3-10 

10 

2.10 

30.00 

3-00 

•   •  • 

II 

.50 

22.50 

2.25 

12 

•50 

1500 

1.50 

5 

5 

13 

.50 

15.00 

1.50 

5 

.... 

14 

1. 00 

14.50 

1.45 

5 

.... 

15 

.50 

1500 

1.50 

5 

20 

16 

.50 

15.50 

1.55 

0 

.... 

17 

.60 

7.50 

.75 

10 

.... 

18 

.60 

7.50 

.75 

10 

40 

19 

.70 

7.50 

•75 

10 

.... 

20 

.60 

6.00 

.60 

ID 

.... 

21 

.50 

6.00 

.60 

ID 

30 

22 

•SO 

6.00 

.60 

10 

23 

.50 

6.00 

.60 

TO 

24 

•50 

5-50 

•55 

10 

30 

25 

.50 

5.50 

.55 

10 

.... 

26 

5-00 

.50 

10 

.... 

27 

.10 

4.30 

•45 

no 

130 

28 

.60 

4.50 

.45 

10 

.... 

29 

.20 

4.00 

.40 

10 

.... 

30 

.10 

3-50 

-35 

210 

230 

31 

.50 

3.50 

.35 

10 

.... 

32 

.... 

3.00 

.30 

10 

.... 

33 

.10 

2.60 

.26 

310 

330 

Total  earnings. 

Cash. 


$3.co 


1^50 


150 


16.50 


31-50 


46.50 
$100.50 
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merits  in  the  thirty-third  month,  represent  the  awards  of  third,  second 
and  first  prizes  respectively  for  attainment  of  the  corresponding 
records  for  excellence  at  these  times. 

An  additional  allowance  is  made  for  serviceable  old  equipment  not 
required  and  returned  to  stores  by  the  engineer — such  equipment  as 
tools,  torches,  lanterns,  etc.,  found  on  the  engine  when  it  is  assigned 
to  the  engineer,  or  found  along  the  line.  One  merit  is  allowed  for 
each  $1  worth  of  new  value  of  the  material  turned  in.  Locomotive 
supply-men  are  also  bonused  for  efficiency  and  economy. 

The  results  in  betterment  of  operating  economy,  even  in  this 
minor  account  of  engine  supplies,  are  shown  by  the  chart  on  page 
354.  At  the  inauguration  of  the  merit  schedule,  October,  1906,  the 
average  cost  of  engine  supplies  for  the  preceding  year  was  33  cents 
per  100  engine  miles.  For  the  year  ending  Dec.  31,  1908,  it  aver- 
aged 23.8  cents  per  100  engine  miles,  the  value  of  all  merits  earned  by 
engine  men  included.  Between  January,  1907,  and  June,  1908,  the 
cost  per  engine  on  the  Coast  Lines  was  brought  down  from  $5.50  to 
$0.86.  The  highest  division  in  June  shows  a  cost  of  only  $1.61  per 
engine — less  than  half  the  former  average — while  the  lowest  division 
in  that  month  showed  a  cost  of  only  $0.24  per  engine. 

ENGINE-REPAIR    SCHEDULES. 

Beyond  the  measures  already  introduced  and  in  practical  operation, 
lies  the  very  important  extension  of  the  bonus  system  which  is  de- 
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signed  to  bring  the  cost  of  engine  repairs  under  the  same  methods, 
and  thereby  to  secure  results  advantageous  not  only  to  the  operation 
of  the  road,  but  to  the  earnings  of  employees.  The  basic  study  un- 
derlying this  plan  covers  the  cost  of  engine  repairs,  by  classes  and  by 
districts,  for  a  period  of  three  years  past.  This  includes  only  light 
repairs,  such  as  an  engine  would  receive  in  round  house  or  elsewhere 
between  shoppings.  It  does  not  include  general  repairs,  or  repairs 
heavy  enough  to  make  an  engine  lose  its  mileage.  This  average  cost, 
reduced  to  cents  per  mile  for  each  class  of  engine  and  for  each  dis- 
trict, is  considered  66]^  per  cent  efficiency — that  is,  this  fixes  the 
point  beyond  which  bonus  is  awarded  according  to  the  savings  made. 
The  efficiency  account  is  kept  with  the  engine — not  with  individual 
engineers.  As  the  Santa  Fe  adopts  the  system  of  assigning  engines, 
this  is  substantially  the  same  thing,  but  accounting  with  the  engine 
rather  than  with  the  man  provides  more  easily  for  contingencies  and 
occasional  substitutions,  and  also  simplifies  the  accounting  very  much. 

The  efficiency  of  the  engine,  as  determined  by  the  ratio  of  actual 
to  standard  repair  costs,  is  averaged  back  month  by  month  up  to  the 
first  five  months,  and  after  that  by  five-month  periods,  counting  back 
from  the  date  of  computation.  Any  efficiency  gained  over  the  66^/^ 
per  cent  is  recognized  by  merits  awarded  according  to  the  regular 
bonus  curve,  a  merit  being  one-twentieth  of  a  cent  per  engine  mile. 
The  earnings  of  the  engine  are  then  distributed  to  the  engineer  and 
fireman  at  the  end  of  the  bonus  period,  according  to  the  mileage  each 
has  made  with  the  engine  during  that  period.  The  scale  of  apportion- 
ment is  three-fourths  to  the  engineer  and  one-fourth  to  the  fireman. 

If  an  engine  is  transferred  to  another  division,  or  even  another 
district  within  the  division,  its  record  is  closed  and  begun  anew ;  or  if 
an  engine  for  any  reason  undergoes  repairs  sufficient  to  ^'lose  its 
mileage,"  the  efficiency  account  is  started  afresh.  On  the  other  hand, 
when  an  engine  has  been  out  of  the  shop  for  some  time  and  is  get- 
ting up  to  40  per  cent  or  50  per  cent  of  its  allotted  mileage  between 
shoppings,  the  standard  allowance  for  repairs  is  increased,  thus  rec- 
ognizing the  condition  of  the  machine  and  enabling  a  worn  engine  to 
receive  its  proper  and  necessary  increased  repairs  without  imposing 
hardship  or  loss  of  bonus  upon  the  engineer.  It  may  prove  neces- 
sary in  special  cases  to  recognize  conditions  arising  from  defective 
shop  work,  but  the  presumption  is  that  the  basing  of  the  standard 
costs  upon  observations  covering  a  three-years  period  will  have 
absorbed  and  averaged  all  such  influences. 

The  expectation  under  which  this  plan  has  been  framed  is  that  it 
will  bring  the   engine   men   into  closer   touch   with   engine   repairs, 
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and  by  their  co-operation  with  the  officials,  will  reduce  the  repair 
expense  to  a  mininuim  and  at  the  same  time  secure  a  maximum  hiile- 
age  from  the  engines.  The  five-months  term  over  which  the  efficiency 
results  are  averaged  before  credit  is  given,  is  long  enough  to  dis- 
courage engineers  from  allowing  their  machines  to  run  down  in  con- 
dition and  so  exhibit  a  fictitious  economy  for  a  transient  period. 

So  far  as  the  engine  men  are  concerned,  a  complete  reciprocal 
understanding  has  not  yet  been  established,  and  the  bonus  system  as 
above  described  is  not  yet  in  full  force  and  effect.  The  idea,  how- 
ever, is  too  large,  too  sound,  and  too  certainly  profitable  to  both  sides, 
for  the  ultimate  issue  to  be  in  doubt.  The  momentum  it  has  acquired 
by  years  of  successful  demonstration  and  application  not  only  in  the 
shops  of  the  Santa  Fe  but  in  many  establishments  where  it  has 
brought  harmony  and  satisfaction  to  employees  and  employers, 
will  unquestionably  carry  it  forward  to  and  beyond  the  limits  of  pres- 
ent plans.  No  doubt  there  will  be  modifications  of  detail.  No  policy 
or  system  yet  put  forward  for  the  adjustment  of  relations  between 
men  ever  found  universal  acceptance,  or  ever  avoided  all  difficulties 
arising  from  differences  in  human  nature  and  human  judgment.  But 
a  movement  backed  as  this  is  by  absolute  economic  truth  is  in  the  end 
irresistible.  Physical  opposition,  however  buttressed,  would  inevitably 
go  down  in  the  struggle  against  so  powerful  a  moral  force.  It  might 
delay,  but  could  not  destroy,  the  fulfilment  of  the  purpose. 

Locomotive  Inspection. 

A  further  extension  of  the  bonus  system  covers  the  inspection  of 
locomotives  at  repair  shops  and  roundhouses.  Although  this  applies 
to  a  relatively  small  element  in  the  personnel  of  the  Mechanical  De- 
partment, its  importance  is  proportionately  large,  as  may  be  seen 
from  the  results  secured.  A  stimulus  similar  to  that  offered  to  other 
employees  for  improvement  in  efficiency  is  here  extended  to  the  loco- 
motive inspectors,  in  recognition  of  diligence  in  locating  defects  that 
later  might  cause  failures  and  consequent  accidents  or  delays  to  trains 
on  the  road.  In  the  locomotive  shop,  the  inspector's  schedule  pro- 
vides for  the  preliminary  inspection  of  engines  entering  the  shop,  with 
proper  designation  of  all  defective  parts.  It  includes,  further,  contin- 
uous inspection  of  repair  work  in  progress  on  the  erecting  floor,  and 
supervision  (in  co-operation  with  foremen)  of  the  workmanship  of 
the  shop  men.  Defective  parts  or  defective  work  are  thus  readily 
found  and  the  defect  may  be  remedied  before  the  locomotive  leaves 
the   shop.     When  the  repairs  are  complete,  a   second  inspection  is 
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made,  and  any  defects  which  may  have  been  overlooked  are  cured  be- 
fore the  locomotive  is  turned  over  for  breaking  in.  A  final  inspection 
is  required  five  hours  after  the  engine  has  completed  the  trial  trip. 
Final  repairs,  if  any  are  necessary,  are  then  effected  and  the  locomo- 
tive is  turned  over  for  service.  Bonus  is  paid  to  inspectors  for  effi- 
ciency in  locating  defects  in  engines  turned  out  of  the  shops.  The 
provisions  of  the  schedule  insure  complete  inspection  of  work  and 
material,  the  basis  of  the  calculation  being  as  follows : 

The  inspector  is  awarded  lOO  points  for  each  engine  turned  over 
for  service  in  satisfactory  condition.  A  credit  of  2  points  is  given 
for  each  item  of  defective  work  reported  by  the  inspector  before  the 
engine  goes  on  its  trial  trip,  and  of  i  point  for  each  item  reported 
after  this  run.  For  each  item  reported  by  the  engineer  on  the  trial 
trip,  however,  2  points  is  deducted  from  the  inspector's  award.  The 
efficiency  of  the  inspector  is  averaged  between  his  own  record  for  suc- 
cess, and  the  engineer's  report  of  defects,  on  the  whole  number  of  en- 
gines turned  over. 

The  schedule  for  locomotive  inspectors  in  roundhouses  is  arranged 
in  much  the  same  manner,  but  an  additional  item  is  introduced  to 
stimulate  high  efficiency  in  inspection,  with  a  \iew  to  reducing  the 
number  of  preventable  engine  failures;  the  bonus  paid  to  roundhouse 
inspectors  is  largely  governed  by  the  engine-failure  statement  of  loco- 
motives which  have  passed  under  their  inspection.  Even  this  minor 
feature,  therefore,  becomes  of  large  influence  in  the  secure  and  suc- 
cessful conduct  of  transportation  on  the  Santa  Fe,  so  far  as  the  func- 
tions of  the  Mechanical  Department  are  involved. 


ECONOMIES  IN  THE  MANUFACTURE  OF  [RON 

AND  STEEL. 

By  G.  B.  Water  house. 

IF.     THE   UTILIZATION   OF   BLAST-FURNACE  SLAG. 

In  a  preceding  article  Dr.  Waterhousc  discussed  the  Gayley  dry-blast  process  as  the  first 
of  two  great  economies  entering  into  the  modern  iron  and  steel  industiy  to  an  extent  likely 
to  cause  important  changes  in  producing  costs.  In  this  issue  he  completes  his  review  for 
the  present  by  a  clear  description  of  the  second  great  factor — the  utilization  of  blast-furnace 
slag,  especially  in  the  manufacture  of  cement.  A  third  paper  taking  up  yet  another  impor- 
tant factor — the  preliminary  treatnjcnt  of  the  ores — is  being  prepared  by  another  contributor. 
— The  Editors. 

THE  tonnage  of  slag  produced  in  the  iron  blast  furnaces  of  the 
world  is  very  large.  In  the  United  States  in  1907  there  was 
produced  25,781,360  long  tons  of  pig  iron,  which  is  the  great- 
est production  in  any  year.  Assuming  that  for  each  ton  of  iron  there 
is  produced  one  and  a  quarter  tons  of  slag,  which  is  a  conservative 
estimate,  the  production  for  1907  would  be  the  enormous  one  of  32,- 
226,700  long  tons.  The  disposal  of  this  large  amount  of  waste  ma- 
terial is  already  a  question  of  serious  importance,  and  is  one  that  will 
unavoidably  become  greater  as  the  years  pass.  Of  far  greater  impor- 
tance, however,  is  the  question  of  profitably  disposing  of  it,  and  the 
following  article  deals  with  the  different  phases  of  this  subject. 

Its  chief  use  at  present  is  as  filling  around  the  iron  and  steel 
plants ;  or,  after  being  broken  to  suitable  size,  as  road  material.  Many 
plants  also  granulate  the  molten  slag  by  means  of  water,  when  it  is  in 
very  suitable  shape  for  ballast  for  the  railroads.  The  other  methods 
of  utilization,  in  the  order  of  lesser  to  that  of  greater  importance, 
are  the  manufacture  of  slag  blocks,  of  slag  bricks  and  of  different 
grades  of  cement. 

Slag  Blocks. 

With  a  suitable  composition  of  slag,  and  under  proper  conditions 
as  to  casting  temperature,  the  kind  of  the  mould,  and  especially  the 
rate  of  cooling,  blocks  can  be  made  that  are  tough  and  of  excellent 
wear-resisting  quality.  They  have  been  made  in  many  countries  at 
various  times,  and  used  for  different  purposes.  John  Payne,  an  En- 
glishman, was  the  first  to  succeed  in  making  large  solid  blocks,  up 
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to  three  tons  in  weight,  which  were  successfully  used  in  making  river 
and  canal  embankments.  According  to  his  method,  patented  in  1728, 
the  slag  was  worked  with  a  shovel  to  free  it  from  entangled  gases  and 
air,  and  at  the  same  time  sand  or  crushed  slag  was  added.  The  pasty- 
mass  was  then  pressed  in<"o  cast-iron  moulds,  lined  with  sand.  As 
soon  as  they  were  hard  the  blocks  were  withdrawn  from  the  mould, 
and  cooled  down  slowly  in  a  bed  of  sand  and  charcoal  dust.  They 
were  also  made  at  an  early  date  in  Sweden,  for  in  1766  a  method  was 
given  for  their  preparation.  In  1821,  at  Bolvig;  in  Norway,  blocks 
one  foot  long  and  six  inches  wide  and  high,  to  the  number  of  40,000 
to  50,000  a  year,  were  made  for  ordinary  buildings.  The  method  was 
to  fill  the  mould  loosely  with  pieces  of  slag  broken  to  about  walnut 
size,  and  then  to  run  in  liquid  slag.  The  blocks  were  removed  as  soon 
as  possible,  and  cooled  down  slowly. 

Many  attempts  have  been  made  to  use  them  for  paving  blocks.  The 
requirements  for  this  class  of  material  are  density^  resistance  to  abra- 
sion, toughness,  and  a  rough  surface.  By  properly  varying  the  char- 
acter of  the  mould  in  which  the  blocks  are  cast,  and  by  cooling  as 
slowly  as  possible,  any  normal  blast-furnace  slag  can  be  used,  and  will 
give  blocks  that  will  fulfill  the  first  three  requirements.  The  chief 
difficulty  is  in  the  slippery  surface  of  a  pavement  laid  with  these 
blocks.  One  method  to  produce  a  rough  surface  is  to  use  a  coarse 
sand  to  form  the  mould;  another,  and  a  better  one,  is  to  cast  the 
blocks  double  the  size  required,  and  then  split  them  in  two  along  a 
suitable  prepared  nick,  produced  by  a  projection  in  the  mould.  The 
blocks  are  then  laid  with  the  fractured  surface  up.  The  north  of 
England,  particularly  the  Middlesbrough  district,  has  seen  the  greatest 
development  of  this  method  of  utilization. 

Slag  Bricks. 

Several  methods  have  been  successfully  worked  for  the  manufac- 
ture of  building  bricks  from  slag.  The  first  were  due  to  the  fact  that 
blast-furnace  slag,  when  granulated  by  being  run  molten  into  water, 
or  by  having  its  stream  broken  up  by  a  stream  of  water,  possesses 
hydraulic  properties.  In  other  words,  it  is  a  hydraulic  cement,  but 
requires  a  long  time  to  set.  Dr.  Liirmann,  the  well-known  German 
metallurgist,  was  the  first  to  recognize  this,  and  to  utilize  it  by  mixing 
cream-of-lime  with  the  granulated  slag  and  pressing  the  mixture  into 
moulds.  The  lime  combined  with  the  free  silica  in  the  slag,  and, 
helped  by  the  hydraulic  properties  of  the  slag,  the  bricks  hardened  by 
free  exposure  to  the  air,  in  from  six  to  eight  weeks. 
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Considerable  attention  was  paid  to  this  subject  in  the  United  States 
about  1903.  The  limits  for  the  slag  composition  were  very  wide, 
being : — 

Silica  22.5  to  350 

Alumina  and  Iron  Oxide 16.0   "   21.0 

Lime    40.0   "   5i-5 

The  sulphur  is  harmful  and  objectionable,  and  should  be  kept 
as  low  as  possible.  The  slag  of  suitable  composition  was  granulated, 
dried,  and  ground  to  a  fine  state  of  division.  Then  powdered  slaked 
Hme  was  added  to  bring  the  lime  percentage  to  about  55  per  cent. 
The  two  constituents,  after  thorough  mixing  with  sufficient  water  to 
make  a  plastic  mass,  were  moulded  in  a  brick  press,  air  dried,  and 
retained  for  several  months,  if  possible,  before  marketing. 

The  bricks  varied  in  color  from  a  grayish  white  to  a  dark  gray ; 
they  were  fully  equal  in  strength  to  ordinary  clay  bricks,  and  found  a 
ready  sale.  Great  strides  have  been  made  in  the  manufacture  of  slag 
bricks  in  recent  years  on  the  Continent,  and  many  plants  are  in  active 
operation.  There  is  one  also  in  South  Wales  at  the  Landore  Works 
of  Messrs.  Baldwins,  Limited,  and  their  method  and  the  results  ob- 
tained may  be  given  in  some  detail.  The  capacity  is  from  25,000  to 
45,000  bricks  a  day,  9  inches  by  3  inches  by  4^  inches.  There  are  two 
buildings,  one  containing  the  slag  granulator  and  elevator  plant, 
erected  near  the  blast-furnace  plant;  the  other  is  larger  and  is  at 
some  distance.  It  contains  a  lime-grinding  mill  with  elevator  and  dust 
fan,  a  slag  hoist,  mixing  silo,  a  preparing  or  mixing  machine,  two 
horizontal  brick  presses,  and  three  large  brick-steaming  chambers  ar- 
ranged side  by  side.  A  plan  of  this  larger  building  is  shown  in  Figure 
I.  The  plant  is  steam  driven  by  a  90  horse  power  horizontal  engine, 
the  steam  being  produced  in  two  Lancashire  boilers  at  120  pounds  per 
square  inch. 

The  slag  used  may  vary  within  wide  limits.  It  should,  preferably, 
be  of  a  good  grey  color.  It  is  granulated  by  being  run  into  a  bosh  of 
water  of  about  six  times  the  volume  of  the  slag.  This  eliminates  a 
great  deal  of  the  free  sulphur,  and  gives  a  friable  product,  easy  to 
crush.  It  is  flushed  down  a  culvert  that  empties  itself  into  a  receiving 
chamber  at  the  bottom  of  the  elevator.  It  is  then  elevated  and  passes 
through  a  pair  of  heavy  squeezing  rollers  which  separate  the  excess 
of  water,  and  crush  any  coarse  particles  of  slag.  From  the  rolls  it 
drops  into  hopper  trucks  and  is  removed  to  stock  bins  in  close  prox- 
imity to  the  brick  works. 

The  other  constituent  of  the  bricks  is  burnt  lime,  containing  not 
more  than  0.50  per  cent   of  magnesia.    It  is  put  through  an  ordinary 
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jaw  crusher,  in  its  unslaked  condition,  and  is  then  ground  in  a  ball 
mill  to  about  100  mesh.  This  ground  lime  is  then  filled  into  measur- 
ing bags  or  boxes,  which  are  arranged  according  to  the  percentage  of 
lime  to  be  used  in  the  succeeding  mixture.  The  lime-grinding  room 
is  kept  free  from  dust  by  a  small  centrifugal  fan. 
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riG.    I.      PLANT  FOR   MANUFACTURE  OF  SLAG  BRICK,  LANDORE  WORKS,  SOUTH   WALES. 

The  slag  and  unslaked  lime  are  elevated  and  placed  in  their  proper 
proportions  in  a  large  hopper,  at  the  top  of  the  brick-making  building, 
capable  of  holding  material  enough  for  1,000  bricks.  The  proportions 
are  95  to  93  per  cent  granulated  slag,  and  5  to  7  per  cent  of  lime. 
When  full,  the  hopper  is  emptied  into  a  steam- jacketed  mixer,  con- 
taining pulverizing  blades  or  paddles,  working  on  the  principle  of  a 
Green  positive-pressure  blower.  The  heat  from  the  steam- jacketed 
chamber  sets  up  a  reaction  between  the  hot  lime  and  the  slag.  This 
produces  in  the  material  sufficient  hardness  to  enable  it  to  be  handled 
satisfactorily  at  the  brick  presses  and  the  hardening  chambers.  When 
thoroughly  worked,  which  is  perfectly  accomplished  in  from  20  to  25 
minutes,  the  mixture  is  emptied  and  fed  to  the  brick  presses. 

These  are  so  designed  that  the  total  pressure  is  exerted  upon  the 
9  inch  by  3  inch  face,  by  the  gradual  and  even  approach  of  two  pistons 
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within  a  press  form.  One  advantage  is  that  being  made  in  this  way, 
the  bricks  are  always  of  the  same  thickness.  The  bricks  fiom  the 
presses  are  placed  on  flat-topped  trolleys,  each  holding  from  700  to 
900.  When  loaded  the  trolleys  are  taken  to  the  steaming  chambers, 
each  of  which  is  capable  of  holding,  when  fully  charged,  about  13,000 
bricks.  The  chamber  is  then  closed,  supplied  with  steam  at  a  pressure 
of  120  pounds  to  the  square  inch,  and  the  bricks  allowed  to  stay  for 
about  12  hours.  At  the  end  of  this  time  the  steam  is  blown  off  as 
completely  as  possible  into  the  next  chamber,  which  should  by  this 
time  be  standing  ready  to  receive  it. 

The  bricks  are  then  taken  out  of  the  chamber  and  loaded  into 
trucks.  When  cold  they  are  ready  to  be  used  on  any  construction. 
When  possible,  5  per  cent  of  lime  is  mixed  with  granulated  slag  in  a 
mill,  and  used  as  a  mortar  for  setting  the  bricks. 

The  bricks  have  been  used  with  great  success  in  the  several  plants 
of  the  company,  replacing  the  ordinary  quality  red  bricks  in  the  outer 
walls  of  open-hearth  furnaces,  reheating  furnaces,  boiler  settings,  and 
for  general  building  purposes.  They  have  also  been  used  in  the  build- 
ing of  several  chimney  stacks  working  on  hot  gases.  They  have 
proved  to  be  far  more  refractory  than  the  ordinary  red  brick.  A 
noteworthy  feature  in  connection  with  the  plant  is  a  hydraulic  testing 
machine,  which  enables  a  careful  check  to  be  kept  of  the  product. 
Typical  analyses  of  the  slag,  and  of  the  product  are  given  in  Table  I. 

Table  I.    Analyses  of  Slag  anp  Brick. 

Slag.  Brick. 

Lime   CaO  34.71  38.34 

Silica SiO-  4403  31.1.=; 

Calcium  sulphide   CaS               3.69  2.'/'j 

Oxide  of  iron FeO                 .80  .176 

Oxide  of  manganese MnO              2.16  1.842 

Alumina    Al.0:!  i  r .40  10.41 3 

Magnesia  MgO  3.  to  

Carbon  di-oxide  and  com1)ined  water J     fV^v  \ 13-90 

Typical  results  obtained  with  these  bricks,  and  ordinary  red  bricks 
are  given  in  Table  11. 

Table  IT.    Results  of   Crushing  Tests. 

Material.                                       Cracked  at  Crushed  at 

Lb.  per  sq.  in. 

Red  brick,  wire-cut 250  1200 

Red  brick,  pressed 200  2000 

Red  brick,  pressed 300  1700 

Slag  brick  from  steam  chambers 2000  2200 

Slag  brick    9  months  old 2000  2200 

Slag  brick    9  months  old 2200  3300 

Slag  brick  40  months  old 2300  2500 
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The  plant  employs  twenty-three  men,  three  only  of  whom  are 
skilled,  namely,  the  foreman,  the  stoker  and  engineer,  and  a  fitter  or 
blacksmith,  and  the  bricks  can  be  made  more  cheaply  than  the  red 
brick  with  which  they  will  have  to  compete. 

There  is  another  process,  the  details  of  which  are  not  at  hand, 
which  is  said  to  give  excellent  results.  By  it  slag  is  made  into  bricks 
without  the  admixture  of  lime,  cement,  or  any  other  binding  material. 
It  is  based  on  the  fact  that  silica  is  rendered  ready  for  combination  if 
exposed  to  a  high  steam  pressure  for  a  certain  length  of  time. 
Cement  from  Blast-Furnace  Slag. 

The  manufacture  of  cement  from  blast-furnace  slag  is  of  con- 
siderably greater  importance  than  that  of  either  slag  blocks  or  slag 
bricks,  because  the  cement,  weight  for  weight,  sells  for  a  much  higher 
price  than  either  of  the  other  products. 

The  cements  produced  may  be  divided  into  four  classes,  which 
will  be  taken  up  in  order : 

1.  The  Puzzolan  or  ordinary  slag  cement. 

2.  The  true  Portland  cement. 

3.  The  Eisen-Portland  cement,  of  which  a  very  large  quantity  is 
made  in  Germany. 

4.  Cements  produced  by  new  processes,  of  which  the  Colloseus 
is  the  most  prominent. 

The  Puzzolan  or  slag  cement  takes  its  name  from  the  Puzzuolana 
cement.  This  was  the  first  cement  ever  made,  and  was  produced  from 
the  scoria  found  at  Puzzuoli  near  Naples.  The  Romans  observed  that 
this  scoria,  when  powdered  and  mixed  with  lime  and  water,  would 
set  hard  even  in  water.  They  used  it  very  largely  in  their  buildings; 
probably  the  oldest  in  which  it  was  employed  is  the  Temple  of  Castor, 
erected  496  B.  C,  and  undoubtedly  the  most  famous  is  the  Colosseum, 
79  A.  D.  It  was  first  noted  by  German  chemists  that  certain  blast- 
furnace slags  show  a  strong  similarity  in  composition  to  the  scoria 
found  at  Puzzuoli  and  neighboring  towns,  and  in  1861  the  first  artifi- 
cial Puzzolan  was  made  at  the  Friederich  Wilhelmshiitte.  The  prog- 
ress of  its  manufacture  was  only  slow,  owing  to  its  limited  field  of 
application.  Two  of  the  best  known  names  in  connection  with  the 
early  development  of  the  industry  are  Tetmajer  and  Prost.  Professor 
Tetmajer  examined  many  slags  as  to  their  suitability  for  making  slags, 
and  decided  that  if  the  ratio  of  the  lime  to  the  silica  was  i.o  or  lower, 
the  slag  was  unsuitable.  The  lime  should  be  present  in  a  greater 
ratio.  With  regard  to  the  alumina,  the  best  results  were  obtained  with 
a  ratio  of  alumina  to  silica  of  from  0.45  to  0.50.    If  more  alumina 
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than  this  was  present  the  cement  would  crack  in  air.  Prost,  after 
many  and  careful  investigations,  decided  that  the  hydraulic  properties 
mcreased  as  the  lime  and  alumina  increased,  and  he  could  find  no  in- 
dications of  the  alumina  having  harmful  properties  when  present  in 
moderate  amounts.  He  obtained  the  best  results  with  slags  having 
composition  agreeing  with  the  formulae : — 

2  SiOa      AI2O3       3  CaO,  and   2  SiO^       Al^Og       4  CaO. 

In  this  place  it  may  be  well  to  mention  that  Mahon  made  many 

careful  experiments  at  the  Maryland  Steel  Company,  and  obtained  his 

best  results  with  slags  rich  in  lime,  the  compositions  being  given  in 

Table  III. 

Table  III.    Slags  Recommended  by  Mahon. 

I  2 

Silica    30.0  25.3 

Alumina    170  20.1 

Lime  47-5  48.0 

Magnesia    —  328 

Sulphur 2.38  2.63 

The  specifications  of  the  cement  department  of  the  Illinois  Steel 
Company  were  that  the  slags  must  be  made  in  a  hot  furnace,  and  be 
light  grey.  The  silica  and  alumina  to  be  not  over  49.0  per  cent,  the 
alumina  from  13  to  16  per  cent,  and  the  magnesia  under  4.0  per  cent. 

There  are  at  present  seven  plants  in  the  United  States  making 
slag  cement.    They  are : 

The  Struthers  Furnace  Co Struthers,  Ohio. 

Birmingham  Cement  Co Ensley,  Ala. 

Southern   Cement  Co Birmingham,   Ala. 

Ashland  Cement  Co Kentucky. 

Stewart  Iron  Co.    (Near  Pittsburg) Sharon,  Pa. 

One  plant  at  the  Brier  Hill  Co Youngstown,  Ohio. 

One  plant  at Sydney,  Nova  Scotia. 

The  production  is  not  over  500,000  barrels  a  year. 

The  process  employed  is  similar  at  all  the  plants,  only  slag  must  be 
used  which  is  of  suitable  composition,  as  indicated  by  the  specifications 
given  before.  It  is  thoroughly  granulated  by  means  of  water,  and 
dried  by  being  heated  to  a  dull  red  heat  in  rotary  drying  kilns.  The 
other  constituent  is  slaked  lime.  The  limestone  is  burned  and  thor- 
oughly slaked.  This  lime  is  added  to  the  slag  in  varying  amounts,  de- 
pending upon  the  composition  of  the  slag.  Usually  from  25  per  cent 
to  35  per  cent  is  added.  The  lime  and  slag  are  thoroughly  mixed, 
one  with  the  other,  in  tube  mills  where  the  mixture  is  also  ground  to 
the  desired  fineness.    The  cement  is  of  low  specific  gravity,  from  2.y 
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to  2.8;  it  is  slow-setting  and  is  especially  fitted  for  work  under  water 
or  in  tunnels,  where  it  is  not  directly  exposed  to  the  air.  Its  produc- 
tion has  not  increased,  and  in  Germany  it  soon  went  out  of  favor.  A 
notable  exception  on  the  continent  is  the  plant  at  Konigshofer  in  Aus- 
tria, where  Puzzolan  has  been  made  for  fifteen  years.  It  has  been 
used  all  over  Austria  and  has  given  such  uniformly  good  results  that 
the  Austrian  Society  of  Engineers  and  Architects  has  admitted  its 
equality  to  Portland  cement,  and  allows  it  to  be  tested  by  the  same 
standards.  The  usual  limits  of  the  slag  are  silica,  24  to  27  per  cent ; 
lime,  49  to  54  per  cent;  alumina,  15  to  19  per  cent.  From  a  typical 
analysis  that  is  given,  the  ratio  of  lime  to  silica  is  1.87,  and  that  of 
alumina  to  silica  0.60.  The  slag  is,  therefore,  of  exceptionally  suit- 
able composition  for  the  manufacture  of  Puzzolan;  20  per  cent^  of 
powdered  slaked  lime  is  added  to  the  dried  and  ground  granulated 
slag. 

It  fulfills  all  the  requirements  of  a  good  cement,  showing  increased 
strength  with  age,  sufficient  binding  power  when  mixed  with  more 
sand  than  1 13,  good  adhesion,  good  wearing  quality,  and  resistance  to 
weathering.  Average  figures  obtained  on  the  cement  at  different 
governmental  and  private  testing  institutions  show,  in  standard  i  :3 
mixture,  after  seven  days,  267  pounds  per  square  inch,  and  after 
twenty-eight  days,  431  pounds  per  square  inch  in  tension;  and  in 
compression,  after  twenty-eight  days,  4092  pounds  per  square  inch. 
This  is  an  excellent  illustration  of  the  fact  that  with  care  an  excellent 
product  can  be  obtained. 

Portland  Cement. 

An  excellent  cement  can  be  made  from  blast-furnace  slag  by  using 
it  as  one  of  the  raw  materials  in  the  manufacture  of  Portland  cement, 
according  to  the  well-known  process.  This  is  the  process  followed  by 
the  Universal  Cement  Company,  the  subsidiary  of  the  United  States 
Steel  Corporation. 

This  company  has  two  plants,  one  at  Buffington,  near  Chicago, 
which  takes  slag  from  the  Illinois  Steel  Company  at  South  Chicago ; 
and  one  at  Universal,  near  Pittsburgh.  The  former  is,  in  reality, 
composed  of  two  plants.  In  1904  the  production  of  this  grade  of 
Portland  was  473,294  barrels;  in  1905  it  was  1,735,343  barrels,  and  in 
1906  it  was  2,076,000  barrels  The  capacity  has  been  increased  so 
that  now  the  plants  are  capable  of  making  considerably  more  than 
10  per  cent  of  the  entire  production  of  the  United  States.  The  pro- 
cess has  also  been  followed  extensively  in  Germany  but  has  been  re- 
placed by  the  so  called  Eisen-Portland. 
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The  process  followed  is  to  take  thoroughly  granulated  slag,  such 
as  would  be  suitable  for  Puzzolan,  dry  it,  and  grind  it.  In  some  places 
the  iron  is  then  separated  magnetically.  To  it  is  then  added  the  proper 
amount  of  dried  and  ground  limestone  to  give  the  required  final  com- 
position of  Portland  cement.  The  mixture  is  then  treated  exactly  as 
the  marl  and  limestone  in  an  ordinary  cement  mill,  by  being  sintered 
in  a  long,  rotating  cylindrical  kiln  fired  with  powdered  dry  coal.  The 
clinker  is  then  stored  as  long  as  possible,  the  action  of  the  air  slaking 
any  free  lime,  and  also  acting  on  the  clinker  so  that  it  is  much  easier 
to  reduce  to  powder.  Finally  it  is  crushed  in  a  preliminary  crusher, 
and  then  in  tube  mills  to  the  desired  fineness,  only  such  additions 
being  made  as  in  the  case  of  ordinary  Portland  to  regulate  the  time 
.of  setting.  With  proper  care  the  raw  materials  can  be  kept  much 
more  uniform  than  is  the  case  with  natural  materials,  and  a  product 
of  excellent  quality  obtained,  that  easily  meets  the  standard  specifi- 
cations. 

By  Eisen-Portland  the  Germans  mean  a  Portland  made  according 
to  the  above  method,  to  which  when  ground  an  addition  of  finely 
granulated  blast-furnace  slag  is  made.  Its  specific  gravity  is  interme- 
diate between  that  of  Puzzolan  or  slag  cement,  and  that  of  Portland, 
and  averages  about  3.0.  Opinion  is  greatly  divided  as  to  whether  the 
addition  of  the  slag  is  a  benefit  or  whether  it  is  simply  an  adulterant. 
It  developed  from  the  theory  promulgated  by  Dr.  Michaelis  in  1876, 
tliat  in  hardening  Portland  cement  about  one-third  of  the  lime  present 
separates  as  crystalline  calcium  hydrate.  This  has  no  strengthening 
effect,  and  probably  a  directly  harmful  one.  It  follows  that  if  some 
substance  is  added  that  will  unite  with  this  free  lime,  the  quantity  of 
effective  cement  is  raised,  and  calcium  hydro-silicate  is  formed. 

The  firm  of  Albrecht  Stein  &  Co.,  Wetzlar,  followed  the  matter  up 
and  made  Portland  cement  from  slag  and  limestone,  and  with  the 
clinker  ground  up  a  certain  percentage  of  dried,  granulated  blast- 
furnace slag.  For  a  time  this  Stein  cement  met  with  much  opposition, 
but  notwithstanding  it  increased  in  popularity,  and  the  method  was 
taken  up  by  other  makers.  These  makers  formed  an  association, 
known  as  that  of  the  Eisen-Portland  Cement  Manufacturers,  and 
agreed  that  none  should  mix  more  than  30  per  cent  of  slag  with  the 
clinker.  This  cement,  when  set  under  water,  gives  as  good  results  as 
Portland,  but  in  air  it  sets  more  slowly.  If  it  can  be  kept  wet  for  the 
first  few  days  it  gives  excellent  results. 

Ground  granulated  blast-furnace  slag  may  also,  of  course,  be 
added  to  ordinary  Portland  cement,  and  in  this  connection  the  follow- 
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ing  table  of  tests  is. of  interest;  25  per  cent  of  granulated  slag  was 
added  to  75  per  cent  of  Portland,  and  thoroughly  ground  together 
and  briquettes  made  of  one  part  of  this  mixture  to  three  of  sand,  and 
compared  with  the  cement.  The  tests  were  made  by  Dr.  H.  Seger 
and  E.  Cramer  of  Berlin. 

Table   IV.    Tension   and   Compression. 

Lbs.  per  sq.  in. 

Hardened  in  Air.  Hardened  in  Water. 

Tension.             Compression.  Tension.              Compression. 

Time.      Cement.  Mixture.  Cement.  Mixture.  Cement.  Mixture.  Cement.  Mixture. 

7  days..     234          292          1321           1401  219          205          1208          1771 

30     "    • •     356          410          2089          2705  262          271           1553          2046 

90     "    ..     578          616          2884          4107  335          390          3007          3092 

The  following  results  show  tests  on  many  grades  of  the  Eisen- 
Portland,  covering  many  months,  and  obtained  in  the  usual  business 
way.  It  should  be  remembered  that  the  German  specifications  for 
Portland  cement,  at  the  time  these  tests  were  made,  were  227  pounds 
in  tension  and  2,270  pounds  in  compression,  for  the  1 13  mixture 
after  28  days.  The  Eisen-Portland  was  satisfactory  in  regard  to  fine- 
ness, and  the  accelerated  tests.  The  strength  in  tension,  after  twenty- 
eight  days  in  air,  was  390  pounds ;  in  water,  320  pounds ;  in  compres- 
sion, hardened  in  air  it  was  3,331  pounds,  and  in  water,  3,192  pounds, 
so  that  it  more  than  came  up  to  the  specifications.  These  results 
might  be  multiplied,  but  they  all  go  to  explain  the  high  degree  joi 
favor  with  which  this  cement  is  received  on  the  Continent. 

Lastly  come  the  methods  of  cement  making  introduced  in  recent 
years,  of  which  there  are  very  many;  prominent  among  them  is  the 
one  based  on  the  patents  of  Dr.  H.  Colloseus  of  Germany,  and  this  is 
the  only  one  that  will  be  described.  This  process  was  introduced 
about  three  years  ago,  and  was  patented  in  the  United  States  and 
Canada  in  1906,  the  patents  being  owned  by  the  Colloseus  Cement 
Company,  of  New  York.  It  consists  of  taking  molten  basic  blast- 
furnace slag,  and  granulating  it  by  means  of  a  special  granulating 
device,  using  solutions  of  alkaline  salts  instead  of  water.  The  special 
salts  are  thus  intimately  mixed  with  the  slag,  and  the  latter  is  chemi- 
cally and  physically  changed,  being  in  the  form  of  a  porous  clinker 
easily  crushed  and  powdered.  It  is  in  operation  at  four  plants  in 
Germany,  one  in  Scotland,  where  very  extensive  and  careful  trials 
were  made,  and  in  America  there  are  two  plants,  one  at  Hamilton, 
Ont.,  the  other  at  Buffalo,  N.  Y.,  the  latter  of  which  is  producing 
cement  on  a  commercial  scale.    The  chief  salt  used  in  preparing  the 
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FIG.     2. 


SECTION     OF     COLLOSEUS     SLAG-GRANULATING 
DRUM. 


solution  is  magnes- 
ium sulphate — crude 
Epsom  salts  —  and 
the  concentration 
for  general  work  is  5 
per  cent.  The  stream 
of  molten  slag  falls 
on  to  a  horizontal 
ribbed  cast-iron 
drum,  shown  in  sec- 
tion and  elevation 
in  Figures  2  and  3. 
This  is  rotated  at 
650  revolutions  per 
minute.  Between  the  ribs  are  slots  through  which  sprays  the 
granulating  solution.  In  addition,  a  jet  of  solution  is  projected  on  the 
drum  just  below  the  stream  of  slag.  The  slag  is  granulated  and  forms 
little  pellets.  It  is  projected  with  great  force  on  to  the  water- jacketed 
casing  and  falls  down  either  into  a  buggy,  or  preferably  onto  a  turn 
table.  The  latter  affords  an  opportunity  of  separating  any  ungranu- 
iated  slag  that  may  fall  from  the  spout. 

So  much  solution  only  is  used  that  the  granulated  slag  is  per- 
fectly dry  after  the  operation.  The  clinker  is  then  treated  as  in  the 
case  of  ordinary  cement  clinker,  only  such  additions  being  made  as  is 
customary,  to  regulate  the  setting. 

The  slags  may 
vary  widely  in  com- 
position, as  is  evi- 
d  e  n  c  e  d  by  the 
following  table 
showing  examples 
of  those  used  at 
five  different 
plants  and  giving 
their  analyses  in 
silica,  alumina,  and 
lime.  The  sulphur 
should  be  low,  and 
the  magnesia  be- 
low ^-So  to  4.0  per 

^  *^  *r        r  pjQ^    2       ELEVATION    OF    COLLOSEUS    SLAG-GRANULATING 

cent.  DRUM. 
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Table  V.     Slags  Used  in  the  Colloseus  Process. 

Buffalo.  Porz.  Dtiisburg.  Harzbiirg.  Scotland. 

Silica   35.05  27.73                35.02                27.56  28.57 

Alumina    12.46  12.85                11.08                19.25  17.15 

Lime   45-74  S2.89                48.86                45.11  46.32 

» 

The  cement  has  given  excellent  results,  and  it  is  evident  it  can  be 
kept  remarkably  uniform  in  composition  and  properties.  Some  results 
may  be  given,  obtained  on  properly  identified  samples  at  the  famous 
cement-testing  laboratory  of  Dr.  Michaelis  in  Germany.  The  specific 
gravity  was  2.97.  It  showed  preliminary  set  in  19  minutes  and  final 
set  in  36  minates.  Another  sample  gave  18  and  43  minutes  respect- 
ively after  four-weeks'  storage.  This  shows  that  Dr.  Colloseus  has 
produced  a  cement  that  will  set  quickly,  and  has  overcome  the  slow- 
setting  quality  of  granulated  slag,  which  is  itself  a  very  slow-setting 
hydraulic  cement.  The  fineness  was  very  good,  as  also  the  constancy 
of  volume.  The  results  of  tension  were  as  follows  on  the  fresh 
cement,  and  on  cement  stored  for  a  month ;  both  in  the  neat  state  and 
in  the  1.3  mixture. 

Table  VI:    Results  on  Colloseus  Cement. 

Each  figure  average  of  ten  briquettes. 

Hardened  in  Water.  Hardened  in  Air. 

Neat  Cement.  Fresh.  Stored.  Fresh.  .  Stored. 

3  days 483  5o8  476  445 

7  days 536  560  619  581 

28  days 543  593  743  7o8 

I  :  3  Mixture. 

3  days 233  236  267  253 

7  days 274  309  345  316 

28  days 285  343  368  3,89 

In  several  respects  this  cement  possesses  qualities  that  render  it 
superior  to  standard  Portland.  It  contains  absolutely  no  free  lime, 
and  is,  therefore,  free  from  expansion;  and  being  made  from  a  com- 
pletely fused  material,  and  has  greater  fire-resisting  qualities.  It  is 
also  not  affected  by  sea  water  as  is  ordinary  Portland,  and  is  stainless. 
It  appears  to  have  before  it  a  big  future,  and  will  help  to  bring  about 
the  prophecy  of  a  Government  official  that  in  a  very  few  years  all 
cement  would  be  made  from  blast-furnace  slag  as  a  raw  material. 


TEMPERATURE  DETERMINATION  AND  CONTROL 
FOR  HIGH-SPEED  STEEL  TREATMENT. 

By  0.  M.  Becker. 

In  a  preceding  article,  Mr.  Becker  has  shown  the  importance  of  accurate  temperature 
determination  and  duplication  in  high-speed  steel  treatment,  and  has  reviewed  pyrometric 
devices  designed  for  direct  exposure  to  the  heat  to  be  gauged.  In  the  following  pages,  he 
discusses  the  principles  and  uses  of  pyrometers  of  the  optical  and  radiation  types,  the  choice 
and  installation  of  temperature-measuring  apparatus,  and  the  importance  of  recording  devices 
ill  connection  with  their  use. — The  Editors. 

THE  deterioration  of  the  fire  ends  is  the  weak  point  in  most 
pyrometers  of  the  direct-exposure  type ;  and  to  obviate  the 
difficulty  instruments  have  been  devised  which  do  not  require 
to  have  any  part  directly  exposed  to  the  high  temperature  sought  to  be 
gauged.  These,  with  one  exception,  are  of  the  optical  type ;  and  all 
utilize  the  energy  of  radiant  matter  transmitted  to  any  convenient  dis- 
tance, in  the  determination  of  the  temperature  of  the  body  under 
observation. 

Of  all  the  pyrometers  adapted  to  use  in  hardening  operations, 
the  Mesure  and  Nouel  is  perhaps  the  simplest,  since  it  is  entirely 
self-contained  and  has  no  delicate  parts  to  get  out  of  order.  It 
utilizes  the  colored  field  produced  by  the  polarization  of  light  from 
the  object  observed,  and  the  accuracy  of  a  temperature  reading  or  of 
its  maintenance  depends  upon  the  judgment  of  relative  colors,  very 
much  as  when  the  natural  colors  of  a  heated  object  are  viewed  by 
the  unaided  eye.  For  this  reason,  among  others,  it  is  of  material 
assistance  only  in  the  hands  of  a  skilled  operator,  and  even  such  an 
one  cannot  be  sure  of  any  accuracy  within  50  degrees  C.  or  more 
at  temperatures  above  1,000  degrees  C. 

The  Le  Chatelier  and  the  Wanner  optical  and  the  Fery  absorption 
{pyrometers  all  depend  upon  a  photometric  comparison  of  the  relative 
brightness  of  the  two  halves  of  the  illuminated  field,  one  half  re- 
ceiving its  light  from  the  radiant  object,  the  other  half  from  a  stand- 
ard source  of  light  forming  part  of  the  instrument.  The  Le  Chatelier 
instrument  utilizes  an  iris  diaphragm  for  regulating  the  amount  of 
light  admitted  from  the  radiant  object,  in  combination  with  a  mirror 
and  a  standard  source  of  light  of  known  intensity,  the  light  from  the 
two  sources  each  covering  half  the  field.  By  adjusting  the  diaphragm 
until  the  two  halves  are  of  equal  brightness,  the  temperatures  can  be 
read,  or  calculated,  from  the  scale  attached  to  the  diaphragin. 
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Fery  uses  a  system  of  absorbent  wedges  for  the  same  purpose; 
and  the  reading  is  taken  in  the  same  way.  The  Wanner  instrument 
utilizes,  in  combination  with  the  standard  source  of  Hght,  a  system 
of  prisms  and  lenses  for  polarizing  in  such  a  way  that  by  turning 
the  analyzer  with  its  attached  graduated  scale,  the  two  halves  of  the 
illuminated  field,  one  receiving  light  from  the  standard  of  com- 
parison and  the  other  from  the  object  observed,  may  be  made  of 
the  same  luminosity  and  the  temperature  then  read  off  at  the  scale. 
All  the  above  pyrometers,  except  the  Mesure  and  Nouel,  are  quite 
accurate  in  the  determination  of  relative  temperatures  within  their 
several  ranges.  Generally  speaking,  the  probable  error  is  less  than 
one  per  cent,  and  in  some  cases  only  half  as  great. 


MESURE   AND   NOUEL  PYROMETRIC   TELESCOPE. 

G,  ground  diffusing  glass;  P,  polarizing  Nicol;  Q,  quartz  plate;  A,  analyzer;  OL,  eyepiece; 

R,  rack  and  pinion;  C,  graduated  circle,  calibrated  and  reduced  to  temperature  scale; 

L,  objective. 

Perhaps  the  most  convenient  of  the  optical  pyrometers  which  are 
accurate  enough  for  use  in  connection  with  high-speed  steel  treat- 
ment, is  the  Morse  thermo-gauge,  made  in  Europe  with  some  slight 
modification  under  the  name  Holborn-Kurlbaum  pyrometer.  It  con- 
sists of  a  tube,  furnished  with  lenses  if  desired,  within  which  is  the 
filament  of  a  small  low-voltage  electric  lamp.  In  the  lamp  circuit 
is  a  rheostat  and  a  milli-ammeter.  The  radiant  substance  whose 
temperature  is  to  be  determined  is  observed  through  the  tube,  and 
the  current  passing  through  the  filament  is  at  the  same  time  so  regu- 
lated through  the  rheostat  that  the  filament  disappears  against  the 
bright  surface  under  observation.  The  current  used  is  indicated 
by  the  milli-ammeter,  and  this  can  be  reduced  to  terms  of  tempera- 
ture; or,  most  usually,  the  temperature  is  read  directly  from  the 
scale.  With  very  little  practice  the  eye  becomes  very  sensitive  to 
any  difference  between  the  brightness  of  the  filament  and  that  of  the 
object  upon  which  it  is  superposed,  and  temperatures  can  without 
difficulty  be  read  with  a  probable  error  not  exceeding  two  or  three 
degrees  C.  With  this  instrument  it  is  possible  to  prearrange  the  con- 
ditions for  the  required  temperature,  to  know  with  certainty  when 
it  is  reached,  and  to  reproduce  the  same  indefinitely.  For  the  higher 
temperatures,  say  above  800  degrees  C,  absorbent  glasses  are  pro- 
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vided  for  reducing  the  dazzling  brilliancy  of  the  field.     With  these 
accessories  the  highest  temperatures  can  be  read  very  accurately. 

The  Fery  radiation  pyrometer  combines  some  of  the  features  of 
the  optical  instruments  with  a  delicate  thermo-couple  in  the  circuit 
with  a  sensitive  potential  galvanometer  whose  indications  may  be 
read  in  degrees  of  temperature.  It  is  virtually  a  reflecting  telescope, 
the  concave  mirror  focusing  the  radiant  heat  of  the  object  under  ob- 
servation, upon  the  *'hot"  junction  of  the  tiny  thermo-couple.  The 
instrument  is  sighted  upon  the  object  and  focused  by  a  rack  and 
pinion  at  the  side.  There  is  also  a  diaphragm  for  reducing  the  effec- 
tive aperture  when  the  instrument  is  pointed  at  a  very  hot  object 
preventing  the  overheating  of  the  thermo-couple. 
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LE   CHATELIER  OPTICAL   PYROMETER. 
Chas.  Engelhard,  N.  Y. 

Optical  and  radiation  pyrometers  are  entirely  separate  from,  and 
within  limits  may  be  at  any  required  distance  from,  the  source  of 
the  heat  to  be  gauged;  so  that  they  are  not  at  all  affected  by  even 
the  highest  temperatures  obtainable.  Their  permanence,  therefore, 
and  their  reliability  are  very  great,  as  compared  with  most  other 
forms.  The  distance,  as  is  well  known,  docs  of  course  affect  the 
energy  of  radiated  heat  and  light  waves ;  but  within  the  limits  usually 
imposed   in   the   kind   of   work   now   under   consideration,   the  loss 
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is  quite  inappreciable.  Thus  it  has  been  shown  with  a  Fery  radiation 
pyrometer  that  the  temperature  indication  of  a  stream  of  molten  steel 
was  precisely  the  same  at  a  distance  of  three  or  sixty  feet. 

0,BS 
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WANNER  OPTICAL  PYROMETER. 

A,   Nicol   analyzer;    B,   biprism   for   eliminating   images;    D,   slit   through   which    images   are 

observed  by  analyzer;  E,  eyepiece;  O^,  lens  for  focusing  image  upon  D;  O^,  objective;  P,  d-v 

prism;  R,  Kochon  prism;  S^  slit  for  admission  of  light  from  standard;   S„,  slit  for 

admission  of  light  from  object  observed.     Eimer  &  Amend,  N.   Y. 

The  comparison  light  or  filament,  as  the  case  may  be,  where  such 
is  required,  naturally  deteriorates  somewhat  with  long  use ;  but 
even  then  the  falling  off  in  accuracy  is  surprisingly  small.  It  is  of 
course  desirable  that  these,  like  all  other  pyrometers,  be  compared 
with  standards  from  time  to  time  and  kept  properly  calibrated. 

It  must  be  remembered,  in  using  pyrometers  of  this  class,  that 
not  all  bodies  radiate  the  same  amount  of  energy  at  similar  tem- 
peratures, and  that  there  are  certain  definite  conditions  under  which 
the  indications  will  be  correct  for  the  object  observed.  For  the 
present  purpose  it  is  perhaps  sufficient  to  point  out  that  an  instrument 
calibrated  for  use  in  gauging  the  temperature  of  a  furnace  interior 
is  not  adapted,  without  re-calibration,  or  at  any  rate  without  taking 
into  account  this  special  factor,  for  use  in  investigating  the  tempera- 
ture of  a  tool  in  the  open  air.  The  instrument  must  be  calibrated 
for  the  intended  use.  Not  only  this,  but  it  is  necessary  to  take  into 
account  that  these  instruments  are  based  upon  the  laws  of  radiation 
from  a  so-called  "black  body,"  whether  those  radiations  have  a  long 
(heat)  or  a  short  (light)  wave  length;  and  that  unless  specially  cali- 
brated they  will  give  correct  readings  only  when  the  object  under 
observation  a  p  p  r  o  x  i  - 
mates,  in  its  conditions, 
a  "black  body"— that  is, 
has  its  reflecting  power 
reduced  to  a  negligible 
minimum.  This  is  ac- 
complished nearly 
enough,  in  high-speed 
steel  treatment,  by  ob- 
serving" the  tools  as  they  fery  mirror  or  absorption  pyrometer. 

lie    within    a    furnace        ^^^'    ^'"^^'    telescope    with    eyepiece    B;    E,    standard 

lamp;   F,  mirror;  CC^,  absorbing  wedges.    Taylor 
t  h  e         temperature        of  instrument  Co.,   Rochester. 
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whose  fire  clay  walls  is 
the  same  as  that  of  the 
tool,  the  observatioi  be- 
ing carried  on  through  a 
very  small  opening  in  the 
furnace  walls.  Under 
these  conditions  the  con- 
tents of  the  furnace  no 
longer  are  seen  as  having 
separate  form,  their  radi- 
ation being  practically  the 
same  as  that  from  the 
heated  walls  :  and  in  prac- 
tice therefore  it  is  neces- 
sary only  to  sight  the 
pyrometer  into  the  furnace — remembering  that  the  conditions  are  not 
well  fulfilled  unless  the  opening  through  which  the  temperature  is  to 
be  gauged  is  relatively  small.  It  is  customary,  in  order  to  fulfil  the 
conditions  still  more  closely,  to  insert  into  the  furnace  a  porcelain  or 
iron  tube  of  considerable  length  compared  with  its  diameter,  and  to 
sight  the  instrument  into  the  tube. 


MORSE    THER MO-GAUGE. 
a,   sighting   tube    or   telescope;    b,    incandescent   lamp; 
c,  generator;   d,   rheostat  for  controlling  tempera- 
ture of  filament;    e,  indicator.     Morse  Thermo- 
Gauge  Co.,  Trumansburg,  N.   Y. 


SECTION  OF  FERY  RADIATION  PYROMETER. 

E,  eyepiece;  F,  thermo-couple;  M,  concave  mirror  with  aperture;  HPR,  rack  and  pinion  for 

focusing;   D,   diaphragm;  T,  binding  posts.    Taylor  Instrument  Co.,   agents   for 

Cambridge  Scientific  Instrument  Co.,  Ltd. 

The  responsiveness  and  the  power  of  discrimination  of  the  Morse 
and  Fery  pyrometers  especially  are  remarkable,  though  ability  to  de- 
termine minute  changes  of  course  depends  considerably  upon  the 
personality  of  the  observer.    Ordinarily,  at  the  higher  temperatures, 
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a  variation  of  no  more 
than  5  degrees  C.  can 
be  very  easily  detected. 
The  power  of  discrim- 
ination therefore  is 
considerably  finer  than 
the  absolute  accuracy, 
which  latter  depends  in 
part  upon  factors  fre- 
quently neglected,  and 
as  already  indicated, 
may  vary  from  one  to 
three  per  cent  at  those 
temperatures.  This, 
however,  is  a  matter 
of  comparatively  small 
moment  in  the  harden- 
ing of  tools,  since  ab- 
solute temperatures  are 
more  or  less  empirical 
anyway.  Obviously 

FERY  RADIATION  PYRoAiETER  IN  USE.  thc   rcqulrcd   tcmpcra- 

Taylor  Instrument  Co.,  Rochester.  tUrCS       will       Vary,       tO 

some  extent,  with  the  kind  of  steel  used,  and  also  with  the  operator 
and  his  pyrometer,  whether  that  be  of  the  optical  or  of  some  other 
class.  The  important  thing  is  that  the  temperature  gauge  shall  be  con- 
sistent with  itself,  and  that  data  shall  be  recorded  which  will  make  it 
possible  to  reproduce  with  precision  the  temperature  conditions  found 
experimentally  to  yield  the  highest  efficiency  in  the  particular  tools 
treated. 

It  must  be  borne  in  mind  that,  in  so  far  as  the  methods  of  pyro- 
metry  here  described  are  used  in  connection  with  high-speed  steel 
treatment  (or  the  treatment  of  other  tools,  for  the  matter  of  that) 
the  temperatures  observed  or  recorded  are  those  of  the  atmosphere 
or  bath  surrounding  the  tools,  and  not  necessarily  those  of  the  tools 
themselves.  Optical  and  radiation  pyrometers  of  course  can  be 
sighted  directly  upon  the  tools,  when  contained  in  a  furnace ;  and 
"poker"  pyrometers  are  to  be  had  with  exposed  fire  ends  drawn  to 
fine  points  which  may  be  placed  against  the  surface  of  the  tool  under 
observation  and  its  surface  temperature  in  that  way  be  men su red 
directly.  Such  methods  however,  are  not  necessary,  and  nsnn'lv  are 
not  employed  in  tool  making.     Anyway,  the  interior  tempcrntnrc  of 
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a  tool  could  not  be  determined  in  any  such  manner,  for  the  surface 
and  the  interior  heat  conditions  could  easily  be  very  different.  It  is 
sufficient  to  remember  that  time  must  be  given  for  the  tool  to  acquire 
throughout  its  mass  (or  that  part  to  be  heated,  at  any  ratej  very 
nearly  the  temperature  of  the  furnace  or  bath.  The  larger  the 
tool,  of  course,  the  greater  the  lag.  This  is  particularly  important  in 
annealing  tools  packed  in  boxes  and  the  like,  in  which  case  the  lag 
may  easily  be  sufficient  to  prevent  proper  annealing,  even  after  a 
long  heat.  The  safest  procedure  when  such  work  is  undertaken  is 
to  make  provision  for  inserting  a  pyrometer  "poker"  into  the  an- 
nealing box.  A  pipe  well,  such  as  has  been  mentioned  before,  is 
easily  arranged  and  answers  the  purpose.  This  would,  of  course, 
be  so  placed  relatively  to  some  convenient  opening,  as  to  permit  in- 
serting the  "poker"  with  little  trouble  or  discomfort. 

The  kind  of  temperature  gauge  adopted  in  a  hardening  plant  will 
naturally  be  largely  a  matter  of  personal  choice  in  the  management 
and  the  permissible  cost,  as  well  as  the  particular  work  required. 
Where  the  cost  of  the  installation  is  not  closely  limited  it  will  usually 
be  desirable  to  have  at 
least  two  different  types 
of  pyrometer — say  an 
bptical  or  radiation,  and 
|a  thermo-couple  ;  t  h  i  s 
not  only  in  order  that 
one  may  be  used  as  a 
check  upon  the  other, 
•but  because  of  the  great-, 
ier  convenience  of  one  or 
the  other  for  certain 
kinds  of  work.  The 
"optical  instrument,  for 
example,  has  been  al- 
ready said  to  be  unsuit- 
,ed  for  gauj^ing  the  tem- 
perature of  the  barium 
bath,  unless  especially 
calibrated  for  that  pur- 
pose. None  of  this  class 
of  instrumont'^,  it  seems,  curves  showing  lag  of  pot  temperatures. 

has     yet      b'^en      provided  ^^  temperature  curve  of  fire  space  of  furnace;  B,  tem- 

•  ,t  •      %•       ,  perature  curve  of  center  of  pot  containing  material  to 

with    an     mdicntor    Capa-  ^e  amealed.     Taken  with  Bristol  electric 

ble    of    bcin"^    used    at    a  pyrometer  couples. 
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PYROMETER    INDICATOR,    SWITCHBOARD    AND    INDICATOR    BOARD    SHOWING    REQUIRED 

TEMPERATURE    AT   EACH    FURNACE   AND    TEMPERATURE    FOUND. 

The  switchboard  is  shown  below.     Turning  the  proper  crank  cuts  in  the  desired  pyrometer 

and  sets  the  pointer  at  any  furnace  front  to  correspond  with  that  at  the  board.    The  indicator 

at  the  furnace  is  shown  in  the  upper  view.     The  apparatus  is  that  devised  and  used 

by  the  Standard  Tool  Co.,  Cleveland. 
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distance  and  automatic  in 
its  action.  Such  an  ar- 
rangement frequently  is 
very  desirable  ;  and  where 
the  plant  is  large,  the  in- 
dicator and  switchboard 
is  an  important  feature 
of  the  equipment,  permit- 
ting the  supervisor  of  this 
work  to  be  informed  at 
will  of  the  condition  of 
any  or  all  furnaces  in 
operation.  This  is  easily 
possible  with  the  electri- 
cal pyrometers.  Each  fur- 
nace can  be  fitted  at  small 
expense    with    a    "poker" 

^  ^  METHOD    OF    APPLYING    ELECTRIC     PYROMETER    TO 

capable  of  being  switched  hardening  furnace. 

into    the    indicator    circuit  American  Gas  Furnace  Co.  and  Bristol  Pyrometer. 

at  will,  or  connected  with  its  own  indicator  or  recorder,  as  the  case 
may  be.  In  some  instances  it  is  desirable  that  the  instrument  be  in  a 
circuit  with  an  indicator  for  use  by  the  operator,  and  a  recorder  in  the 
office  for  the  use  of  the  supervisor  and  for  furnishing  permanent 
records  for  future  reference. 

A  system  for  observing  and  maintaining  temperatures  in  a  large 
battery  of  furnaces,  something  on  this  plan,  is  in  use  in  one  of  the 
largest  commercial  tool-making  plants  in  the  United  States.  Each 
furnace,  of  whatever  kind,  is  provided  with  a  thermo-couple  poker 


yPyrometer 
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FLAN    AND    SECTION    OF   BROWN    &    SHARPE   COMPANY'S    HARDENING   AND    ANNEALING 
FURNACE,    SHOWING    BRISTOL    PYROMETER. 
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and  all  are  wired 
toaswitch- 
board,  from 
which  each  is 
in  turn  cut  into 
the  circuit  of 
the  indicator  (a 
recorder  also 
could  be  in  the 
circuit)  and  its 
temperature  ob- 
served by  the 
person  de- 
signated for  this 
work.  If  not  at 
the  standard 
THREAD  RECORDER  IN  ITS  CASE.  tcmoerature    re- 

Taylor  Instrument  Co.  Quired       iu       thc 

work  then  in  hand,  that  is  to  say,  if  more  than  five  degrees  off,  a  crank 
is  turned  which  at  the  same  time  indicates  the  temperature  upon  the 
indicator  board  above  the  temperature  indicator  and  upon  an  indi- 
cator placed  immediately  in  front  of  the  furnace.  The  operator, 
warned  by  a  bell,  notes  the  temperature,  and  regulates  the  furnace 
accordingly.  The  indicator  boards  are  so  placed  that  the  center  line 
always  shows  the  standard  temperature  required  for  the  work  being 
done.  This  arrangement  does  away  with  the  need  for  separate  indi- 
cating instruments  for  all  the  furnaces,  but  obviously  requires  the 
continuous  services  of  an  attendant.  It  has  the  further  advantage  of 
relieving  the  furnace  operator  of  the  distraction  occasioned  by  fre- 
quent readings  of  the  pyrometer,  when  he  has  to  do  this  himself.  In 
a  small  plant,  of  course,  some  simpler  means  are  necessary.  In 
general,  one  indicator  is  sufficient  for  a  small  plant,  though  it  is  very 
desirable  that  a  recording  indicator  be  provided  also. 

Records  of  this  sort  are  more  important  than  they  at  first  thought 
may  seem.  It  is  a  well  established  fact  that  any  operator  at  work 
requiring  the  maintenance  of  uniform  temperatures,  will  more  care- 
fully regulate  his  furnace  and  take  greater  care  to  preserve  uni- 
formity if  he  has  a  continuous  record  staring  him  in  the  face  and 
constantly  reminding  him  of  departures  from  the  required  standard, 
than  he  will  without  such  a  record,  even  if  he  has  an  indicator 
before  him  which  can  be  consulted  at  will.  It  is  in  the  study  of  con- 
ditions, however,  and  the  determination  of  those  most  suitable  for 
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the  particular  work  in  hand — a  study  which  should  precede  and  upon 
which  the  working  out  of  each  separate  problem  in  high-speed  tool 
making  should  be  contingent — that  the  recorder  is  most  useful  and 
necessary.  In  the  case,  for  example,  of  determining  the  critical  point 
of  a  given  steel,  the  curve  is  much  more  conveniently  and  accurately 
made  by  an  automatic  recorder  than  it  can  be  plotted  from  frequent 
indicator  readings.  The  recorder  so  made  (there  should  naturall  be 
more  than  one,  to  insure  accuracy)  then  serves  as  a  basis  for  subse- 
quent heat  treatments.  The  form  of  the  record  is  not  very  material, 
though  one  with  rectangular  co-ordinates,  like  the  Cambridge  Thread- 
Recorder,  is  more  conveniently  read  than  one  with  curved  co-ordi- 
nates, like  the  Bristol.  The  latter  form  usually  is  simpler  in  its  mech- 
anism. 
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RECORD    MADE    WITH    FERY    PYROMETER    AND   THREAD    RECORDER. 
Taylor  Instrument  Co. 

The  critical  point  of  a  steel  can  be  easily  ascertained  by  heating 
it  in  an  ordinary  furnace  suitable  for  hardening,  though  it  is  fre- 
quently more  convenient  to  do  this  in  the  office  or  laboratory  with 
a  small  electric  or  gas  furnace.  The  former,  all  things  considered, 
is  the  cleaner  and  more  convenient.  The  pyrometer  "poker"  for  use 
in  determining  the  recalescence  and  decalescence  (critical)  points, 
whatever  the  furnace  used,  is  preferably  of  a  special  form  which  may 
be  inserted  into  a  hole  drilled  into  the  center  of  the  specimen  piece  of 
stel  and  firmly  held  there,  or  flattened  so  as  to  be  clamped  tightly  be- 
tween two  pieces  of  the  steel,  these  being  held  together  by  dogs  or 
screws,  preferably  the  latter.  A  recorder  is  not  only  more  convenient 
in  connection  with  this  apparatus,  but  is  almost  necessary  in  making 
a  permanent  record  for  future  reference. 


DISTRIBUTION  OF    INDIRECT  COSTS   BY  THE 
MACHINE-HOUR  METHOD. 

By  Ger shorn  Smith. 

The  statement  of  the  bearings  of  this  discussion  that  is  made  in  Mr.  Smith's  opening 
paragraph  needs  no  amplication.  His  article  will  be  read  with  interest,  especially  if  it  is 
studied  in  connection  \/ith  Mr.  W.  M.  S.  Miller's  contribution  to  our  issue  of  February  last, 
and  Mr.  A.  Hamilton  Church's  series  on  the  Distribution  of  Expense  Burden  which  appeared 
in  The  Engineering  Magazine,  July-December,  1901,  and  has  lately  been  reissued  by  us  in 
book  form. — The  Editors. 

POSSIBLY  the  most  important  phenomenon  modern  statistical 
accountants  must  reckon  with  is  the  rapid  increase  in  the 
range  and  importance  of  mechanical  operations,  and  the  con- 
stant displacement  of  hand  labor  by  machine  work.  Wage  costs, 
heretofore  so  largely  relied  upon  as  a  basis  for  estimate  and  distribu- 
tion of  indirect  charges,  are  steadily  waning  in  relative  value  in  the 
industrial  formula,  and  are  constantly  becoming  more  inseparably 
bound  up  with  machine  costs.  It  is  not  the  operative,  but  the  opera- 
tive plus  his  machine,  that  wi  must  regard  as  the  producing  unit. 
Hence,  so  far  as  manufacturing  costs  are  concerned,  our  fundamental 
measuring  rule  becomes  increasingly  inaccurate  if  we  continue  to 
divide  it  by  the  scale  of  men's  wages  or  men's  time ;  we  need  a  new 
scheme  of  graduation,  which  will  be  commensurable  throughout  with 
the  scale  upon  which  our  costs  of  production  are  actually  built  up. 
This  new  unit  of  division  is  found  in  the  machine  hour,  and  its  appli- 
cability to  use  in  the  distribution  of  indirect  cost  is  briefly  outlined 
in  the  following  pages. 

Shop  costs  have  three  main  divisions : 

I. — Raw  Material;  that  is,  the  material  on  which  shop  work  has 
to  be  done  to  fill  the  order. 

2. — Direct  or  Productive  Labor. 

The  sum  of  these  two  is  termed  "Direct  or  Prime  Cost." 

3. — Indirect  Cost,  or  Shop  Expense,  which  when  added  to  the 
Direct  Cost,  equals  the  total  manufacturing  cost. 

Besides  these  there  are  commercial  expenses,  namely,  the  cost  of 
marketing  the  product,  and  general  administration  charges  not  in- 
cluded in  manufacturing,  besides  fixed  charges  such  as  interest  on 
bonds,  etc. 
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In  manufacturing  cost,  while  it  cannot  be  said  that  any  cost  keep- 
ing if  correct  is  easy,  the  direct  cost  is  the  simplest  matter  to  handle, 
as  most  foremen  can  give  an  approximate  idea  of  the  material  and 
direct-labor  cost,  the  latter  being  frequently  piece  work.  This  state- 
ment is  not  intended  to  minimize  the  importance  of  correct  cost  keep- 
ing in  any  respect,  but  to  draw  attention  to  the  most  important, 
because  most  elusive,  part  of  the  cost  keeping-^namely,  what  is 
variously  described  as  'Indirect  Cost,"  ''Shop  Expense,"  "Overhead 
Expense,"  "Expense  Burden,"  etc.  The  name  is  unimportant,  but 
what  is  covered  by  the  name  is  of  supreme  importance,  and  ignorance 
on  this  subject,  I  suppose,  has  been  one  of  the  principal  causes  for 
the  ruinous  competition  which  (while  the  path  is  strewn  with  the 
remains  of  many  who,  through  ignorance,  have  lost  in  the  fight),  has 
also  frequently  given  the  consumer  an  entirely  erroneous  impression 
on  the  subject;  the  result  being  that  the  manufacturer  who  through 
proper  consideration  of  and  provision  for  all  items  of  cost,  has  in- 
sisted on  living  prices  for  his  product,  is  frequently  looked  upon  as 
a  robber.  Briefly  then,  correct  cost  keeping  makes  competition  more 
intelligent. 

The  third  division  defined  above  includes  all  costs  between  the 
first  division  or  direct  cost,  and  the  complete  cost  ready  for  ship- 
ment.   Some  of  the  principal  items  in  this  division  are : 

Superintendence, 

Indirect  or  non-productive  labor. 

Cost  of  power,  light,  and  heat. 

Depreciation  of  buildings. 

Depreciation  of  power  plant  and  power-transmission  plant, 

Depreciation  of  machines. 

Lubricants, 

Supplies  and  similar  items. 

It  is  comparatively  easy  to  determine  what  this  indirect  cost 
amounts  to  in  a  given  period,  but  the  subject  for  consideration  here 
is  the  best  means  of  distributing  such  cost  to  the  individual  orders. 

In  every  plant  there  is  a  tendency  to  use  some  account  as  a 
dump,  and  "Indirect  Expense"  is  a  very  convenient  receptacle  for 
this  purpose  unless  carefully  watched.  The  material  and  labor  can 
be  regulated  by  foremen  and  superintendents  much  more  easily  than 
the  expense  account,  and  it  therefore  behooves  the  accounting  de- 
partment to  watch  the  expense  account  carefully  and  notify  the  super- 
intendents of  any  undue  increase. 
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In  a  plant  which  need  not  be  closely  located,  the  answer  was 
frequently  made  to  enquiries  as  to  what  account  certain  expen- 
ditures should  be  charged :  "General  expense — to  hell  with  it  1"  Later, 
when  a  system  was  installed  in  which  the  item  ''General  Expense" 
did  not  occur,  and  in  which  the  only  account  containing  the  word 
"general"  referred  to  the  main-office  accounting  department  in  a 
distant  city,  an  item  charged  by  the  works  against  the  general  account- 
ing department  was  investigated,  with  the  result  that  it  was  found 
that  the  foreman  in  charge  of  repairs  to  one  of  the  bridges  at  the 
works,  failing  to  find  his  old  friend  "General  Expense"  in  the 
schedule  of  accounts,  used  the  only  account  he  could  find  containing 
the  word  "general." 

Here  let  me  emphasize  the  fact  that  no  matter  what  the  method 
of  distribution,  the  principal  essential  is  that  all  the  indirect  cost  be 
distributed  to  the  product  for  the  period  under  consideration.  I 
knew  one  concern  who,  when  I  visited  their  plant  and  asked  how  they 
distributed  their  shop  expense,  informed  me  that  ten  years  previously 
they  had  figured  that  this  item  was  a  certain  percentage  of  their  direct 
labor,  and  had  been  using  the  same  percentage  ever  since  without 
checking  it.  That  was  a  factory  whose  product  up  to  that  time  sold 
at  their  own  prices ;  since  then  owing  to  the  necessity  arising  from 
competition,  they  have  adopted  an  up  to  date  system.  Another  con- 
cern figured  10  per  cent  on  labor  and  material,  and  when  it  was 
pointed  out  that  this  did  not  cover  the  actual  expense,  explained  that 
the  balance  was  charged  against  the  profit. 

There  are  three  principal  methods  of  distributing  Indirect  Ex- 
pense, namely: 

By  percentage  of  wage  cost  or  value  of  direct  or  producing  labor. 

By  hours  of  direct  or  producing  labor. 

By  machine  hours. 
It  is  the  third  method  that  I  propose  to  discuss,  but  before  doing 
so   it  seems   advisable   that   I   should   say  something  of  the   other 
two  methods,  so  as  to  explain  my  reason  for  preferring  the  third. 

Let  me  explain,  however,  in  preface,  that  these  three  methods  of 
expense  distribution  refer  particularly  to  machine-shop  practice, 
where  a  number  of  machines  are  working  on  a  number  of  different 
orders,  rather  than  to  a  rolling  mill,  for  instance,  where  the  product 
is  more  or  less  fixed,  varying  only  by  sections,  thicknesses,  etc.,  and 
where  the  expense  under  proper  sub-divisions  can  be  apportioned  on 
the  basis  of  unit  of  production,  tons,  pounds,  etc. 
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Distribution  of  Expense  by  Percentage  of  Value  of  Direct  or 

Producing  Labor. 

By  this  method  the  distribution  is  made  by  first  ascertaining  the 
ratio  that  the  indirect  cost  bears  to  the  direct  labor,  and  then  appor- 
tioning the  cost  by  this  percentage  on  direct  labor  charged  against 
each  order.  The  method  is  good  to  the  extent  that  it  absorbs  the 
whole  expense,  but  limited  by  not  taking  into  consideration  the  dif- 
ferent elements  that  enter  into  the  direct-labor  cost.  For  instance, 
supposing  that  a  25-cent  per  hour  man  takes  2  hours  to  do  a  certain 
piece  of  work,  and  that  the  indirect  cost  has  been  ascertained  to  be 
100  per  cent  of  the  direct  labor;  then  the  labor  and  expense  of  the 
work  would  be  2  hours  at  25  cents,  which  equals  50  cents,  plus  100 
per  cent  loading  for  indirect  expense,  making  a  total  of  $1.00.  If,  on 
the  other  hand,  the  same  work  be  done  by  a  12^ -cent  per  hour  man 
in  4  hours,  the  same  items  of  cost  would  be  4  hours  at  12^  cents, 
which  equals  50  cents  plus  100  per  cent  loading  for  indirect  expense, 
again  totalling  $1.00 — the  same  cost,  although  it  stands  to  reason  that 
the  indirect  cost  for  4  hours  would  be  greater  than  for  2  hours. 

Again,  suppose  that  the  25-cent  per  hour  man  is  working  on  a 
moderate  priced  lathe,  whereas  there  are  in  the  same  shop  five  auto- 
matic screw  machines,  all  five  operated  by  a  boy  at  10  cents  per 
hour;  on  the  percentage-on-wages  plan  (still  assuming  100  per  cont 
shop  expense)  the  labor  and  indirect  cost  would  amount  to  50  cents 
per  hour  in  the  case  of  the  man,  while  the  boy  with  his  five  machines 
would  only  be  charged  at  20  cents  per  hour,  including  expense.  This 
is  manifestly  absurd,  and  yet  it  is  the  method  usually  applied  in 
machine-shop  practice. 

The  percentage-on-wages  plan  is  particularly  deceptive  when  for 
any  cause  the  direct  labor  to  produce  a  given  product  is  reduced.  I 
have  frequently  been  asked  to  account  for  a  rise  in  percentage  of  ex- 
pense, and  on  investigation  have  found  that  owing  to  the  installation 
of  a  piece-work  or  premium  system,  or  of  labor-saving  machinery, 
the  direct  labor  has  been  considerably  reduced,  while  as  the  expense 
remains  stationary,  the  percentage  has  of  course  risen,  and  those 
who  are  estimating  on  the  basis  of  the  old  percentage  find  their  figures 
unreliable 

Distribution  of  Indirect  Cost  Per  Producing  Hour. 

This  comes  much  nearer  to  being  a  correct  method  of  distribution 
than  the  percentage  plan,  the  total  indirect  cost  being  divided  by  the 
number  of  producing  hours  of  labor  in  a  given  period,  and  the  unit 
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thus  arrived  at  being  added  to  the  costs  according  to  the  number  of 
producing  hours  charged  to  the  job.  Thus,  in  the  first  example  pre- 
viously given,  assuming  an  indirect-cost  unit  of  25  cents  per  hour, 
the  cost  of  the  25-cent  per  houf  man's  v^ork  would  be  $1.00  for  2- 
hours'  work,  while  that  of  the  i2>-2-cent  per  hour  man  would  be  $1.50 
for  4-hours'  work.  The  method,  however,  is  weak  in  that  it  does 
not  take  into  consideration  the  value  and  expense  of  the  equipment 
used,  as  will  be  seen  by  referring  to  the  second  example  cited,  in 
which  the  lathe  hand  at  25  cents  per  hour  would  be  charged  to  the 
costs  at  25  cents  for  labor  plus  25  cents  for  indirect  cost,  a  total  of 
50  cents,  while  the  cost  of  the  boy  operating  five  automatic  machines 
would  be  charged  at  10  cents  for  labor  plus  25  cents  for  indirect  cost, 
a  total  of  35  cents,  which  again  will  be  seen  to  be  absurd. 

Distribution  of  Indirect  Cost  Per  Machine  Hour. 

This  I  think  appeals  to  a  superintendent  or  engineer,  as  well  as  to 
the  accountant,  as  a  more  equitable  method  of  distribution  than  either 
of  the  foregoing,  the  chief  objection  to  it  being  that  the  first  installa- 
tion of  the  system  is  not  quite  so  easy.  The  natural  question  that 
will  occur  to  any  one  not  acquainted  with  this  method  will  be,  how 
do  you  determine  your  rates?  This  I  will  endeavor  to  explain  by 
stating  how  we  started  this  method  of  distribution  about  four  and  a 
half  years  ago,  in  the  shops  of  the  company  with  which  I  am  con- 
nected. 

The  first  step  was  to  ascertain  the  floor  space  of  the  shop  under 
consideration,  and  to  divide  this  space  into  the  yearly  depreciation 
on  the  building  in  order  to  ascertain  the  yearly  value  of  floor  space 
per  square  foot.  Next,  it  was  necessary  to  determine  the  annual  de- 
preciation of  the  power  plant  and  power-transmission  machinery, 
also  general  machinery  for  common  use  throughout  the  shop,  such 
as  overhead  cranes,  etc.,  also  expense  of  a  general  nature,  such  as 
heat,  light,  superintendence,  non-producing  labor  (that  is,  laborers), 
etc. 

The  next  step  was  to  ascertain  the  square  feet  of  floor  space  oc- 
cupied by  each  machine,  and  to  apportion  to  this  machine  its  pro  rata 
charge  of  the  aforementioned  items,  on  the  basis  of  its  square  feet 
of  floor  space. 

It  should  be  explained  here  that  care  must  be  exercised  in  appor- 
tioning this  floor  space,  as  some  machines  require  considerably  more 
clear  space  around  them  than  others  for  the  handling  of  work.  The 
necessary  information  on  this  point  can  be  obtained  from  the  super- 
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intcndent  or  foreman.  Next,  the  depreciation  on  the  cost  of  the 
machine  itself  is  ascertained,  inchiding  installation  and  necessary 
equipment  such  ac  counter-shaft,  belting,  motors  (in  case  of  direct- 
driven  machinery),  tools,  and  machine  fixtures.  To  this  must  be 
added  the  proportion  of  cost  of  power,  this  figure  being  furnished  by 
the  mechanical  superintendent  and  based  on  horse  power,  also  sup- 
plies, and  all  expense  directly  applicable  to  the  machine. 
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DIAGRAM    OF    APPORTIONMENT    OF    SPACE    TO    INDIVIDUAL    MACHINE    TOOLS. 

Repairs  to  plant  I  prefer  to  charge  against  the  depreciation  re- 
serve account,  which  is  credited  when  depreciation  is  charged. 

Having  taken  all  such  expense  into  consideration,  based  on  the 
totals  of  one  year,  the  next  step  is  to  ascertain  by  careful  enquiry 
(to  be  verified  and  if  necessary  corrected  later  from  actual  data), 
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the  number  of  hours  per  month  or  per  annum  which  each  machine 
will  run  under  normal  conditions.  The  method  of  verifying  and 
correcting  will  be  explained  later.  Having  ascertained  the  number 
of  hours  per  annum,  we  use  this  as  a  divisor,  and  the  total  yearly 
cost  of  the  machine  (ascertained  as  described),  as  the  dividend,  the 
resulting  quotient  giving  the  machine's  hourly  rate.  As  it  would  be 
impractical  to  operate  this  plan  with  a  different  rate  for  every 
machine  in  the  shop,  the  machines  have  been  divided  into  ten  groups, 
with  a  different  rate  for  each  group,  and  the  machine  is  assigned  to 
the  group  nearest  to  its  ascertained  rate.  The  desire  is  to  provide 
a  slight  leeway  per  hour  on  each  machine  to  cover  unforeseen  ex- 
penses, and  also  to  provide  a  reserve  in  normal  times  which  can  be 
drawn  on  in  subnormal  times,  and  thus  to  keep  the  expense  rate 
fairly  even  and  not  increase  it  as  would  otherwise  be  necessary  at  a 
time  when  costs  can  least  afford  the  additional  burden.  This  reserve, 
however,  is  not  a  necessary  part  of  the  system,  and  if  the  manage- 
ment desire,  it  can  be  disposed  of  monthly  by  dividing  it  by  the  pro- 
ductive hours  and  applying  it  to  the  orders  in  process  for  the  time 
under  consideration. 
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TABULATING  CARD.      PUNCHED  BY  BOYS,   FROM   RECORDS   ON   THE  TIME-CLOCK  CARD 

SHOWN  ON  PAGE  39O. 

It  may  now  be  of  interest  to  describe  our  method  of  operation 
after  the  machines  have  been  assigned  to  their  proper  groups. 

The  time  of  each  workman  is  reported  daily  on  a  time-clock  card. 
A  time  check  will  answer  where  time  docks  are  not  used.  The  card 
gives  the  machine  number,  operation  number,  number  of  pieces,  and 
hours  on  each  piece  of  work  completed.  This  information  is  supple- 
mented in  the  office  by  extending  the  items  showing  the  man's  earn- 
ings and  machine  earnings,  the  machine  number  indicating  the 
machine  rate  of  the  latter.    The  total  time  accounted  for  must  equal 
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the  time  worked  as  shown  by  the  clock  registration ;  the  card  is  then 
handed  to  a  punch  boy  (where  tabulating  machines  are  used),  or  to 
an  analysis  clerk  where  they  are  not;  but  as  our  application  of  the 
system  under  consideration  has  the  advantage  of  the  tabulating 
equipment,  this   description  will  be  made  accordingly. 

The  tabulating  card  is  provided  with  columns  showing: 

Date  (month  and  day) 

Man  number 

Department  and  order  number 

Department  section  for  which  work  is  done 

Machine  number 

Machine  burden  (machine  earnings) 

Hours 

Operation  number  (planing,  drilling,  etc.) 

Money  value  (man's  earnings). 

Punch-boy  number. 

As  we  are  considering  only  machine  earnings,  we  wiil  skip  the 
description  of  handling  these  punched  cards  for  pay-roll  and  direct- 
cost  purposes,  and  will  place  them  in  the  automatic  tabulating  ma- 
chine, to  ascertain  the  amount  of  machine  earnings,  which  amount, 
when  ascertained,  will  be  charged  on  our  ledger  to  "Product  in 
Process,"  and  credited  to  "Machine  Earnings." 

The  account  "Machine  Earnings"  has  previously  been  charged 
with  the  total  indirect  expense  of  the  department  for  the  month,  in- 
cluding depreciation,  and  the  balance  of  the  account  will  therefore 
show  whether  we  have  charged  our  costs  with  sufficient  or  with  an 
excess  amount  of  indirect  cost.  If  the  difference  is  of  sufficient 
amount,  the  cards  are  placed  in  the  automatic  sorting  machine  and 
sorted  at  the  rate  of  12,000  per  hour  per  column  to  the  machine 
group,  only  two  columns  having  to  be  sorted  as  they  indicate  the 
machine  rates. 

The  sorting  being  completed  to  machine  rates,  the  cards  are  placed 
in  the  automatic  tabulating  machine,  and  the  earnings  of  each  group 
are  recorded,  if  any  group  shows  an  abnormal  excess  or  insufficiency 
of  earnings,  that  group  is  sorted  to  machine  numbers  and  the  actual 
machine  or  machines  showing  the  discrepancy  are  thus  selected,  with 
a  view  to  finding  the  reason  for  the  figures.  Sometimes  it  will  be 
found  that  there  are  extraordinary  reasons  for  this,  which  apply  only 
to  the  month  under  consideration ;  at  others  an  error  in  assigning  the 
machine  to  the  particular  group  is  discovered  and  corrected. 
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This  record  of  machine  earnings  can  easily  be  kept  by  hand  in 
shops  where  the  business  would  not  warrant  the  installation  t-f  the 
tabulating  equipment. 

In  this  summary  I  have  described  only  the  general  or  controlling 
account.  Of  course  the  individual  costs,  both  direct  and  indirect, 
are  tabulated  to  order  numbers,  the  sum  of  which  tabulation  must 
agree  with  the  controlling  accounts. 

Now  to  conclude,  it  is  fair  to  consider  what  others  have  to  say  as 
to  this  method  of  distribution.  I  have  heard  one  commentator  refer 
to  it  as  the  ''machine-hour  fallacy,"  and  another  say  it  was  simply 
"guess-work."  If  the  reader  is  not  convinced  that  neither  of  these 
statements  or  definitions  is  correct,  this  paper  has  utterly  failed  in 
its  mission. 

After  four-years  experience,  those  who  know  the  results  by 
actual  contact  are  more  enthusiastic  than  ever.  In  making  this  state- 
ment, of  course  it  will  be  borne  in  mind  that  experience  teaches, 
and  we  do  not  pretend  to  have  reached  perfection.  On  the  con- 
trary, we  are  frequently  finding  inequalities  which  have  to  be  ad- 
justed, but  which  in  the  case  of  the  blanket  methods — namely,  per- 
centage or  productive-labor  hours — would  never  be  brought  to  light, 
although  existing  to  a  much  greater  degree. 

In  "The  Proper  Distribution  of  Expense  Burden"*  by  A.  Hamil- 
ton Church,  published  in  1908,  which  book  will  be  very  interesting 
and  instructive  to  those  desiring  to  look  into  this  matter  in  more 
detail,  on  page  36,  the  statement  is  made  that  the  machine  rate  may 
be  looked  upon  as  belonging  to  the  "Silurian  epoch  of  shop  ac- 
counting," and  further  "it  is  the  ichthyosaurus  of  expense  systems." 
These  statements  naturally  are  likely  to  discourage  one  who  thinks 
the  book  is  going  to  treat  of  this  method  of  distribution;  but  on 
reading  further  we  find  that  Mr.  Church  has  an  "ideal'*  system  which 
to  one  who  has  carefully  studied  the  situation  is  simply  a  machine- 
rate  system  scientifically  applied,  while  the  animal  described  in  the 
Century  Dictionary  as  a  "gigantic  extinct  marine  fish-like  reptile, 
having  an  enormous  head,  no  obvious  neck  and  a  tapering  body  with 
four  paddle  like  flippers,  and  probably  a  fin-like  expansion  of  the 
caudal  region,"  represents  the  same  system  unscientifically  applied. 
The  "ideal"  system,  with  the  exception  of  some  details,  is  essen- 
tially the  same  as  has  been  in  use  under  my  supervision  for  over 
four  years. 


*  Originally  published  as  a  series  of  articles  in  this  magazine,  July — December,  IftOl,  and 
revised  and  republished  in  book  form  by  The  Engineering  Magazine,  1908. 
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The  above  is  not  intended  as  an  unfriendly  criticism  of  Mr. 
Church's  book  which  is  without  question  the  best  publication  on  the 
subject  discussed  in  this  paper. 

Mr.  Andrew  A.  Murdock  in  his  article  'The  Proper  Treatment 
of  Machine  Costs,"  in  the  Journal  of  Accountancy,  December,  1906, 
says : — 

In  conclusion,  let  me  emphasize  the  increasing  importance  of  recog- 
nizing machine  labor  as  a  basic  element  of  cost.  The  tendency  of  the  age 
is  undoubtedly  to  supersede  manual  labor  in  every  possible  way  by  intro- 
ducing machinery  to  do  the  work ;  so  that  while  the  direct  pay  roll  becomes 
gradually  less  and  less  in  proportion  to  the  factory  output,  the  expenditure 
on  machinery  keeps  on  growing  more  and  more.  The  custom  is  to  ignore 
machine  work  entirel)'  as  an  element  of  direct  cost,  arbitrarily  fixing  the 
latter  as  composed  only  of  material  and  manual  labor,  and  loadings  all 
machinery  and  power  expense,  including  repairs  and  depreciation,  as  a 
percentage  on  the  amount  of  manual  labor  only.  As  an  evident  conse- 
quence of  this  method,  the  more  hand  work  we  put  on  a  job  the  more  will 
be  the  loading  for  machinery  expense ;  and  the  more  actual  machine  work 
we  introduce,  the  less  will  it  bear  of  the  loading ;  or  to  carry  the  anomaly 
to  its  legitimate  limit,  a  job  done  entirely  by  hand  would  bear  a  full  share 
of  the  machinery  cost,  whereas  a  job  done  exclusively  on  the  machine 
would  bear  none. 

As  a  concrete  example,  take  the  case  of  an  automatic  screw  machine 
turning  out  small  completed  parts  by  the  score  every  hour.  Six  such 
machines  will  barely  occupy  the  time  of  one  man,  and  on  an  ordinary  cost 
system  the  product  would  be  charged  with  a  sixth  part  of  his  wages  and 
loaded  in  proportion,  whereas  if  the  operations  were  entirely  done  by  hand 
not  only  would  the  direct  cost  be  more,  but  the  loading  for  machinery 
expense  would  be  proportionately  greater,  although  as  a  matter  of  fact,  no 
machine  work  had  been  done  at  all. 

Surely  nothing  more  need  be  said  to  prove  that  the  old  method  is 
incorrect  and  liable  to  produce  misleading  results,  and  to  establish  the 
principle  that  the  work  done  by  a  machine  must  be  measured  and  figured 
as  one  of  the  basic  elements  of  prime  cost,  on  the  accuracy  of  which  the 
whole  superstructure  depends. 


SMOKE  PREVENTION  OR  SMOKE  CONSUMPTION. 

By  Harold  V.  Goes. 

Mr.  Goes'  discussion  of  smoke  prevention  in  stationary  steam-boiler  practice,  in  the  first 
instalment  here  presented,  recapitulates  the  causes  of  smoke  and  the  principles  of  smokeless 
combustion,  and  describes  the  methods  and  devices  by  which  smokeless  coaibustion  is  assisted 
or  attained  in  hand-fired  furnaces.  A  concluding  article,  to  be  presented  next  month,  will 
classify  mechanical  apparatus  for  boiler  firing,  describing  the  principal  types  in  the  various 
classes,  with  an  estimate  of  their  usefulness  in  solving  the  problem  of  smoke  prevention. 
Closely  related  to  Mr.  Coes*  article  this  month  is  a  review  on  another  page  of  this  number, 
which  summarizes  the  conclusions  arrived  at  by  experts  of  the  Technologic  Branch  of  the 
United  States  Geological  Survey  after  extended  smoke-prevention  investigations  both  in 
industrial  plants  in  a  number  of  leading  cities  of  the  country  and  at  the  Government  fuel- 
testing  plant  at  St.  Louis. — The  Editors. 

PERIODICALLY,  the  general  public  has  foisted  upon  it  a 
chemical  preparation  for  preventing  smoke  and  for  giving 
supposedly  high  economic  values  for  coal  combustion.  The 
questions  naturally  arise :  What  is  meant  by  smoke  consumption  ?  Is 
there  such  a  thing?  The  w^hole  controversy  hinges  on  fundamental 
principles.  This  idea  has  been  kept  in  view  throughout  this  discussion. 
That  the  problem  of  smoke  abatement  is  of  great  importance  is 
evidenced  by  the  fact  that  such  cities  as  Nev^  York,  Boston,  Philadel- 
phia, Chicago,  Detroit,  Cleveland,  and  Milv^aukee  have  passed  smoke 
ordinances  and  appointed  smoke  inspectors.*  Whether  such  ordi- 
nances are  legal  or  not  depends  upon  the  distinction  between  smoke 
that  can  be  abated  and  smoke  that  cannot — in  other  words,  upon  the 
distinction  between  necessary  nuisances  and  statutory  nuisances. 
Whether  society  can  pass  laws  to  prevent  those  things  which  are  of 
themselves  perhaps  harmless,  but  which  in  a  large  community  are 
depreciatory  of  the  interests  of  others,  it  is  not  the  purpose  of  this 
article  to  discuss.  If,  however,  it  can  be  demonstrated  that  by  the 
scientific  abatement,  or  prevention  of  smoke,  not  only  is  the  com- 
munity benefited  but  a  large  saving  is  made  to  the  steam  user 
himself  by  the  increased  economy  of  his  plant,  than  we  have  gone  far 
towards  the  proper  solution  of  the  problem.  To  accomplish  such  a 
result,  however,  the  enforcement  of  the  ordinance  and  the  supervision 
of  steam  plants  should  be  under  the  direction  of  officials  possessing 

•  Smoke-prevention  laws  are  not  new.  They  date  back  to  the  year  1306  in  London, 
when  a  royal  edict  fixed  the  punishment  as  death  by  hanging  for  allowing  smoke  to  escape 
from  a  chimney. 
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the  requisite  technical  and  practical  acquaintance  with  the  subject. 
The  whole  trouble  is  that  both  sides  have  been  obstinate,  and  there  has 
been  a  lack  of  both  wise  supervision  and  proper  intelligence.  The 
cities  have  been  imposed  upon  by  smoke  producers  who  possessed 
sufficient  political  infli.ence  to  dodge  the  issue,  and  manufacturers  or 
steam  users  have  been  harassed  by  worthless  statutes  or  ordinances 
and  still  more  worthless  smoke  inspectors. 

The  actual  damage  done  by  smoke  or  its  constituents  may  seem 
out  of  place  here,  and  yet  a  consideration  of  this  point  is  necessary  in 
order  to  make  the  discussion  complete.  The  Municipal  Committee 
of  the  City  of  Cleveland  Chamber  of  Commerce,  in  their  report  of 
March  19,  1907,  give  actual  estimates  of  the  damage  done  by  smoke, 
as  follows: — 

The  presence  of  coal  smoke  in  large  quantities  constitutes  perhaps  the 
greatest  hindrance  to  the  highest  development  of  civic  beauty  and  refine- 
ment.   Its  effect  is  seen  in  all  plant  life. 

No  definite  estimate  has  been  made  of  the  amount  of  loss  of  vegetation 
resulting  directly  from  the  presence  of  smoke  and  gas  in  the  air,  but  the 
St.  Louis  Forestry  Department  figures  conservatively  an  annual  loss  of  4 
per  cent  and  these  figures  may  doubtless  be  assumed  for  Cleveland. 

To  a  considerable  extent,  the  architectural  effects  of  our  buildings  are 
destroyed  by  damage  from  this  source.  Buildings  of  almost  every  material 
are  in  a  few  years  brought  to  a  common  level — a  grimy  hue,  which  robs 
them  of  their  distinction.  It  is  only  through  constant  treatment  by  special 
process  that  stone  buildings  can  be  restored  to  their  original  color,  and 
this  process  is  frequently  harmful  to  the  surface  and  durability  of  the 
stone.  Painted  buildings  in  a  short  time  lose  their  color  because  of  the 
coating  of  soot  and  the  effect  of  chemical  gases. 

The  most  tangible  results  from  the  smoke  nuisance  can  be  shown  per- 
haps in  the  financial  loss  to  the  community.  There  are  approximately  four 
hundred  retail  dry-goods  stores  in  Cleveland,  doing  a  business  of  from 
$10,000.00  10  $3,000,000.00  or  $4,000,000.00  a  year.  The  owners  of  some  of 
these  stores  estimate  (and  the  same  estimate  is  given  in  other  cities),  that, 
of  all  the  white  goods  sold,  a  clear  loss  of  at  least  10  per  cent  must  be 
figured.  The  gentlemen's  furnishing  stores  showed  $15,000.00  annual 
loss, — due  to  repainting,  decorating,  laundry,  wear  and  tear  on  clothes,  etc. 

Finally,  the  report  says  that  the  annual  tribute  which  Cleveland 
must  pay  to  the  smoke  nuisance  is  "a  sum  sufficient,  in  a  single  year, 
to  equip  all  plants,  not  so  provided,  with  smoke  preventing  devices." 

The  above  is  a  general  statement  of  the  problem  with  which  we 
have  to  contend.  We  will  next  turn  our  attention  to  the  causes  of 
smoke.  In  order  to  understand  them,  we  must  review  the 
principles  of  combustion  as  particularly  applied  to  bituminous 
coal.  Suppose,  for  example,  a  bituminous  coal  containing  25 
to    35     per    cent      of     volatile*     hydrocarbon     is     fired    onto    a 

•  Chart  1  shows  the  relation  of  volatile  matter  to  fixed  carbon  and  other  constituents. 
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bed  of  incandescent 
fuel ;  what  takes 
l)lacc  ?  The  layer 
of  coal  immediately 
in  contact  with  the 
hot  fuel,  begins  to 
break  up  along  its 
laminated  faces  and 
the  contained  mois- 
ture is  turned  into 
steam.  The  hydro- 
carbons are  next  dis- 
tilled and  pass  up 
through  the  green 
coal,  undergoing  a  re- 
duction in  tempera- 
ture. If  now  for  any 
reason,  at  the  time  of 
firing  or  immediately 
afterwards,  the  air 
supply  is  insufficient, 
on  account  of  the 
caking  of  the  coal 
and  the  choking  up 
of  the  pores  in  the 
fire-bed,  or  if  the  air  is  too  cold  to  support  ready  combustion 
of  these  gases,  or,  as  is  generally  the  case,  it  is  imperfectly 
mixed,  then  the  hydrocarbons  reach  the  cold  boiler  tubes  (if  there  is 
no  arch)  where  they  are  still  further  reduced  in  temperature,  and 
as  they  are  too  cold  to  ignite,  only  partial  combustion  consequently 
takes  place.*  The  carbon,  precipitated  in  the  form  of  soot,  is  carried 
along  with  the  other  products  of  combustion  and  goes  up  the  stack  as 
black  smoke.  Prof.  W.  D.  Ecnis,  in  his  able  series  of  articles  in 
The  Engineering  Magazine,  stated  recently  that  this  incomplete 
combustion  is  a  distinct  loss,  on  account  of  the  decreased  furnace 
temperature.  Complete  combustion  of  these  volatile  hydrocarbons 
can  be  produced  only  under  the  following  conditions : — 

I. — A  sufficiently  high  temperature,  say  700°  C  or  1300°  F,  to 
effect  ignition  of  the  gases ; 

*  Charts   2   and   3   show   the  effects   of   incomplete   combustion,   air   supply,    elevation   of 
furnace  temperatures. 
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CHART    I.      DIAGRAM    SHOWING    RELATION    OF    VOLATILE 

MATTER    TO    THE    OTHER    CONSTITUENTS    OF 

WELL-KNOWN    COALS. 

R.  H.  Chamberlain,  "Boiler-Room  Economy."  1907. 
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CHART   II.      DIAGRAM    SHOWING   THE   EFFECT  OF   AIR   SUPPLY   ON   COMBUSTION. 
R.  H.  Chamberlain,  in  "Boiler-Room  Economy,"  1907. 

2. — A  sufficient  and  properly  applied  amount  of  air,  to  combine 
with  the  carbon  to  burn  it  to  COo  and  with  the  hydro-carbons ; 

3. — A  good  mixture  of  the  air  and  hydrocarbons. 

If  combustion  does  not  take  place  under  these  conditions,  then 
the  carbon  will  separate  out  as  shown  by  the  following  formulae: 

2CH4  +  2O2   =  Ca  +  4H2O 

GH,  +  0,      =:   Ca   -f    2H2O 
2C2H2  +02=  2Ca   +   2H2O 

Carbon,  soot  and  smoke  thus  formed  can  be  burned  only,  and 
even  then  with  difficulty,  in  a  properly  constructed  furnace,  with 
sufficiently  high  ignition  temperature;  in  other  words,  the  above  re- 
actions must  be  prevented. 

Causes  of  Smoke. 

Smoke  may  be  made  in  two  ways: — 

I. — By  direct  distillation  of  tarry  condensible  vapors  from  coal 
without  burning; 
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2. — By  the  partial  burning  or  splitting  up  of  hydrocarbon  gases, 
the  hydrogen  burning  and  the  carbon  being  left  as  smoke  or  soot. 

The  direct  cause  of  smoke  is  the  fact  that  the  gases  distilled 
from  the  coal  are  not  completely  burned  in  the  furnace  before  coming 
in  contact  with  the  surface  of  the  shell  or  tubes,  which  chills  them 
below  the  ignition  temperature.  Now  these  gases  are  the  volatile 
hydrocarbons,  which  all  bituminous  coals  contain  to  a  greater  or  less 
extent,  and  which  are  driven  off  when  the  coal  is  heated.  The  per- 
centage of  this  volatile  matter  varies  all  the  way  from  3  per  cent  for 
the  Eastern  anthracites  to  as  high  as  50  per  cent  for  the  Western 
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CHART    III.      DIAGRAM    SHOWING    RELATION    BETWEEN    FURNACE   COMBUSTION    AND 

RESULTANT    EFFICIENCY,    WITH    A    TEMPERATURE    RANGE    OF    ESCAPING    GASES 

CORRESPONDING    TO    VARIOUS    BOILER    CONDITIONS.      THEORETICAL    AIR    PER 

POUND   OF    COAL. 
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lignites.  The  larger  the  percentage  of  volatile  matter,  the  greater  the 
liability  to  smoke  production,  other  things  being  equal,  and  the  more 
difficult  is  smoke  prevention.  The  behavior  of  these  volatile  gases 
during  combustion  is  complex.  There  are  good  reasons  for  suppos- 
ing that  a  hydrocarbon,  at  a  sufficiently  high  temperature,  is  decom- 


^   ^H   ^m    ^m  ^m   ^m    ^    ^m    1^   HH 


FIG.    I.      RINGELMANN   SCALE   FOR  GRADING  DENSITY  OF   SMOKE.      SCALE  ABOUT   j4' 

A  complete  set  of  cards  includes  one  all  white  and  one  all  black.  The  four  shown  are  based 
on  paper  divided  into  squares  one  centimeter  to  the  side,  the  thickness  of  the  lines  being, 
respectively,  1,  2.3,  3.7,  and  5.5  millimetres.  The  cards  are  hung  in  line  with  the  chimney 
about  50  feet  from  the  observer,  at  which  distance  the  lines  become  invisible  and  the  cards 
appear  to  be  of  different  shades  of  gray.  In  making  tests,  the  observer  records  at  intervals 
of  one  minute  the  number  of  the  card  most  nearly  corresponding  to  the  color  of 
the  smoke  issuing  from  the  chimney. 

posed  into  its  elements.  The  carbon  particles  are  seemingly  averse 
to  combining  with  oxygen,  except  under  favorable  conditions ;  if  the 
temperature  is  too  low  or  the  air  supply  insufficient,  the  carbon  re- 
fuses to  combine,  and  appears  later  as  soot  or  smoke,  thus : 

C2H4  +  20=  2H2O  +  2C 

Ethylene  +  Oxygen  =  Water  +  Carbon  or  |  ^^^^' 

That  is,  we  must  have  sufficient  air  at  a  high  temperature.  The  whole 
question  revolves  about  the  point  of  perfect  combustion. 

We  have  successfully  solved  these  problems  for  oil.  We  started 
with  smoky  torches,  as  the  air  could  not  get  at  the  body  of  oil  in  the 
center  of  the  wick.  We  then  used  a  flat  wick — that  is,  we  gave  the 
oil  more  surface  for  the  air  to  act  on.    We  then  used  a  hollow  cylin- 
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drical  wick,  air  acting  on  both  sides.  The  final  step  was  the  center 
core  or  argand  lamp,  which  first  heated  the  air  for  the  wick  supj^ly. 
But  when  we  try  to  force  the  lamp  by  turning  up  the  wick  and 
thereby  increase  the  oil  consumption,  we  get  into  trouble  immediately 
by  producing  smoke.  We  have  exactly  these  same  conditions  to 
meet  in  the  combustion  of  solid  fuel.  In  other  words,  as  Mr.  W.  D. 
Ennis  points  out,  if  coal  is  to  be  burned  with  maximum  economy  and 
without  smoke,  it  must  be  supplied  with  the  correct  amount  of  air,  at 
the  proper  temperature. 

Furnaces  and  Settings  for  Burning  Coal  Without  Smoke. 

In  his  book  on  "Steam  Boiler  Economy,"  Wm.  Kent  says : — 

Coal  can  be  burned  without  smoke,  provided : — 

(a)  The  gases  are  distilled  from  the  coal  slowly; 

(b)  That  the  gases,  when  distilled,  are  brought  into  intimate  con- 
tact with  very  hot  air; 

(c)  That  they  are  burned  in  a  hot  fire-brick  chamber; 

(d)  That,  while  burning,  they  are  not  allowed  to  come  in  contact 
with  comparatively  cool  surfaces,  such  as  the  boiler  tubes. 

Mr.  A.  Bement  says: 

Prof.essor  Kent's  requirements  may  be  modified  as  to  two  features  as 
follows  :— 

(a)  That  the  evolution  of  gas  from  the  coal  shall  proceed  uni- 
formly ; 

(b)  That  the  gases,  which  are  distilled  uniformly  from  the  coal, 
shall  enter  a  fire-brick  chamber  of  either  sufficient  length  to 
allow  the  flames  to  become  entirely  consumed  naturally,  or 
that  the  chamber  be  provided  with  such  auxiliary  mixing  and 
baffling  devices  as  will  cause  the  gases  to  be  artificially  mixed 
together  before  the  exit  of  the  chamber  is  reached. 

To  obtain  the  conditions  for  preventing  smoke,  it  is  necessary : 

I. — That  the  coal  be  delivered  into  the  furnace  in  small  quanti- 
ties at  a  time ; 

2. — That  the  draft  be  sufficient  to  carry  enough  air  into  the  fur- 
nace to  burn  the  gases  as  fast  as  they  are  distilled ; 

3. — That  the  air  itself  be  thoroughly  heated,  either  by  passing 
through  a  bed  of  white-hot  coke,  or  by  passing  through  ducts  in  hot 
brick  work,  or  by  contact  with  hot  fire-brick  surfaces ; 

4. — ^That  the  gas  and  air  be  brought  into  the  most  complete  and 
intimate  mixture,  so  that  each  particle  of  carbon  in  the  gas,  before  it 
escapes  from  the  furnace,  meets  its  necessary  supply  of  air ; 

5- — That  the  flame  produced  by  combustion  shall  be  completely  ex- 
tinguished by  the  burning  of  every  particle  of  the  carbon  to  COo. 
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It  is  impossible,  under  ordinary  conditions,  with  coal  containing 
over  30  per  cent  of  volatile  matter,  and  with  a  water  tube  boiler,  with 
tubes  set  close  to  the  grate  and  vertical  gas  passages,  as  in  anthracite 
settings,  to  prevent  smoke,  even  by  the  most  skillful  firing  A  Dutch 
oven  setting,  or  a  longitudinal  setting  with  fire-brick  bafBe  walls  is  a 
good  smoke  preventing  furnace,  when  properly  fired. 

Probably,  of  the  above  mentioned  conditions,  the  most  difficult  to 
obtain  in  practice  is  the  proper  mixing  of  the  air  and  gas.  Numerous 
mechanical-mixing  devices  and  steam  and  air  operated  jets  have  been 
used,  to  a  certain  extent,  with  some  success,  but  they  are  not  univer- 
sally used.  Some  of  these  will  be  described  later.  Down  draft  fur- 
naces and  mechanical  stokers  of  many  different  types  (which  will 
also  be  discussed  later)  are  successfully  used  for  smoke  prevention, 
and  when  properly  designed  and  installed  and  operated,  generally  at 
a  rate  not  above  that  for  which  they  are  designed,  prevent  smoke. 

Hand  Firing. 

It  is  the  custom  in  the  United  States  to  depend  upon  mechanical 
devices  for  the  abatement  of  smoke.  Quite  the  opposite  seems  to  be 
true  in  England  and  on  the  Continent,  where  much  attention  is  paid 
to  proper  methods  of  hand  firing  and  where,  in  some  places,  schools 
are  maintained  for  the  instruction  of  firemen. 

It  may  be  broadly  asserted  that  an  intelligent  and  well  trained 
fireman  will  often  obtain  better  results  from  indifferent  coal  than  will 
a  less  expert  man  from  a  superior  coal,  thus  vitiating  the  manager's 
careful  buying  of  coal  under  rigid  specifications,  and  making  him 
wonder  whether  the  extra  cost  per  ton,  due  to  the  carrying  out  of  the 
tests  under  the  specifications,  is  worth  while,  when  his  neighbor,  who 
is  buying  an  inferior  coal,  gets  better  results.  If  the  manager  would 
make  a  study  of  his  fire-room  operating  conditions,  he  would  proba- 
bly ascertain  the  cause  of  the  discrepancy. 

This  is  not  denying  the  fact  that  the  quality  of  coal  used,  as  well 
as  the  design  and  construction  of  the  boilers,  furnaces,  settings,  etc., 
play  an  important  part  in  the  problem ;  what  it  is  particularly  desir- 
able to  lay  stress  upon  i?  the  important  factor,  the  personal  equation. 

It  is  a  fact  known  to  almost  every  engineer  that  the  proper  train- 
ing of  firemen  has  been  sadly  neglected.  An  intelligent,  careful, 
trained  fireman  is  worthy  of  good  pay,  but  most  firemen  waste  more 
than  their  daily  wages  because  of  ignorance  or  carelessness  in  hand- 
ling their  fires.  This  is  particularly  true  in  small  plants,  and  small 
plants  predominate  in  every  city  and  are  generally  the  worst  offenders 
against  the  smoke  laws.     In  these  plants,  the  saving  due  to  rnechar^iT 
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cal  stokers  is  small.  Neither  can  we  expect  our  tiremcn  to  know 
intuitively  the  fundamental  laws  of  the  chemistry  and  physicj  of 
combustion;  if  he  does,  it  is  unlikely  that  he  will  stay  long  at  that 
occupation.  Muscle  and  physical  endurance  have  been  the  chief 
constituents  in  the  make-up  of  a  fireman,  and  the  long  hours  and 
strenuous  work  have  not  attracted  an  intelligent  class  of  men. 

In  connection  with  government  buildings  in  Prussia,  for  which  the 
government  makes  an  annual  appropriation  for  the  instruction  of 
firemen,  it  is  required  that,  ''as  far  as  in  any  way  feasible,  care 
should  be  taken  that  only  such  persons  as  have  satisfactorily  managed 
furnaces  for  a  considerable  time,  shall  be  employed  as  independent 
firemen.  If  these  persons  have  not  gone  through  a  satisfactory  course 
at  a  firemen's  school,  opportunity  should  be  given  them,  as  far  as 
possible,  to  attend  one."  This  is  the  Continental  view  of  the  subject. 
From  observations  and  study  of  the  problem,  I  believe  that  if  in- 
structional courses  were  given  to  firemen,  and  if  employers  would 
give  preference  to  those  persons  who  have  been  properly  trained  and 
can  give  documentary  evidence  of  the  fact,  the  result  would  be  not 
only  a  mitigation  of  the  smoke  nuisance,  but  also  a  saving  of  a  large 
percentage  of  the  present  waste  through  imperfect  combustion.* 

In  vSt.  Louis,  the  Smoke  Abatement  Department  causes  to  be 
posted  in  every  boiler  room  a  list  of  "Directions  for  Firing": — 

I. — Fire  frequently  in  small  quantities  and  at  regular  intervals. 
2. — Break  up  lumps  to  fist  size. 
3. — Carry  a  level  surface  over  entire  grate. 
4. — Avoid  thin  and  bare  spots  on  grate. 
5. — Keep  the  fires  clean. 

6. — Fire  one  door  at  a  time,  and  wait  until  that  fire  is  in  good  shape 
before  charging  the  other  door. 

7. — Leave  the  furnace  door  slightly  ajar  for  one  minute  after  firing. 

These  rules  are  logical  and  good  if  firemen  \\\\\  follow  them,  but 
it  is  almost  impossible,  with  the  help  now  at  hand,  to  maintain  this 
standard  for  any  length  of  time. 

To  show  what  efifect  trained  stokers  have  on  coal  bills,  the  results 
obtained  by  the  Hamburg  "Verein  fiir  Feuerungs-Betrieb  und  Rauch- 
bekampfung"  are  quoted.  This  is  a  voluntary  organization  of  steam 
users,  who  employ  a  stafT  of  experts  for  the  special  work  of  super- 
vision of  power  plants.  The  society  is  entirely  self-supporting,  and 
the  success  is  dependent  upon  the  value  of  the  return  it  makes  to  its 
members  for  their  contributions  and  fees.     In  their  report  on  the 

*  A  bonus  paid  on  each  per  cent  of  CO.,  produced  over  and  above  a  certain  fixed  amouni; 
Jias  been  tried  ancj  worked  out  successfully  in  a  numoer  of  case^. 
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several  plants  under  their  control,  they  give  the  thermal  efficiency  of 
a  certain  plant,  with  regular  but  untrained  firemen  as  66.6  per  cent, 
and  the  thermal  efficiency  of  same  plant,  with  trained  firemen,  as  y2.y 
per  cent.  In  the  plant  where  these  tests  were  made,  this  loss  of  6.1  per 
cent  in  the  fuel-efficiency  represented  a  loss  of  $8.50,  or  $50  per  week 
of  144  hours.  In  another  test,  the  loss  due  to  the  use  of  untrained 
stokers  rose  to  16.1  per  cent,  the  thermal  efficiency  being  increased 
from  66.8  per  cent  to  82.9  per  cent  by  the  mere  change  of  the  firemen. 
Nevertheless,  we  must  recognize  the  present  fact  that  in  the 
United  States  today  there  is  no  specific  and  uniform  instruction 
given  to  firemen,  and  hence  the  only  other  method  of  solving  the 
problem  seems  to  be  by  mechanical  stokers.  The  types,  construction 
and  merits  of  the  several  different  kinds  of  stokers  will  be  discussed 
at  length  in  a  subsequent  paper. 

Steam  Jets. 
The  steam  jet  is  another  type  of  apparatus  used  to  aid  hand- 
firing  in  smokeless  combustion.  These  devices  are  applied  either 
above  or  below  the  grates.  When  applied  below,  the  effect  is  to  soften 
the  clinker  and  to  increase  the  draft.  This  works  fairly  well  where 
the  fuel  runs  high  in  sulphur  (or  pyrites).  When  installed  above  the 
grate,  the  steam  jet  is  essentially  for  the  purpose  of  inducing  a  draft 
over  the  fires  and  for  mixing  the  air  with  the  distilled  gases.  The 
steam,  of  itself,  furnishes  no  heat  but  rather  requires  heat  for  its 
decomposition. 

Most  of  these  devices  are  absolutely  worthless  and  made  only  to 
sell.  Occasionally  one  is  found  that  is  carefully  worked  out  in  its 
details,  and  when  made  so  as  to  meet  special  conditions,  with  a  me- 
chanism for  automatically  adjusting  the  air  supply  to  the  volume  of 
gas  produced,  and  connected  to  a  device  for  opening  the  damper 
immediately  after  a  charge  of  coal  is  fired  and  graduating  the  damper 
afterwards,  so  as  to  decrease  the  air  supply  as  the  volume  of  gases 
decreases,  such  devices  are  of  real  service.  The  jet,  however,  has 
two  very  serious  objections — large  steam  consumption,  from  5  to  10 
per  cent  being  used,  and  noise.  Neither  of  these  objections  can  be 
overcome.  Hence,  against  the  saving  made  in  the  fuel  bill  by  the 
steam-jet  must  be  charged  its  steam  consumption. 

Down-Draft  Furnaces. 

Still  another  device  for  the  prevention  of  smoke  evolution  is  the 

down-draft  furnace  or  grate,  the  best  known  type  of  which  is  the 

Hawley.     The  principle  underlying  the  operation  of  this  furnace  is 

that  the  volatile  hydrocarbons  must  pass  through  the  green  fuel  and  on 


SMOKE  PREVENTION,  40S 

» 

to  an  incandescent  bed  of  coke  before  they  reach  the  stack.  The  result 
is  that  the  gases  are  more  intimately  intermingled  with  air  at  the 
proper  temperature  to  support  complete  combustion. 

These  furnaces  arc  provided  with  two  sets  of  grates.  The  lower 
set  is  placed  above  the  ash  pit,  as  in  the  ordinary  furnace.  The  upper 
grates  are  water  tubes  placed  at  a  suitable  height  above  the  lower  set, 
and  inclined  upward  from  front  to  rear  with  the  tubes  running 
longitudinally.  The  grate  tubes  are  expanded  into  a  header  which  in 
turn  is  connected  to  the  water  space  or  legs  of  the  boiler,  and  so  con- 
nected as  to  provide  a  circulation  of  water  through  the  system.* 
Necessarily,  this  type  of  furnace  has  three  sets  of  doors,  one  for  eacli 
set  of  grates  and  one  for  the  ash  pit. 
The  operation  is  as  follows: — 

Coal  is  charged  upon  the  upper  grates,  the  air  supply  for  which 
enters  through  these  upper  doors  which  are,  therefore,  generally 
open.  A  further  supply  of  air  is  derived  from  the  ash-pit  doors,  but 
has  to  pass  through  a  bed  of  coke  which  heats  it  to  a  high  tempera- 
ture. Coke  and  partially  burned  combustible  fall  or  drop  from  the 
upper  grates  onto  the  lower  and  thence  to  the  ash  pit,  the  lower  grates 
receiving  their  entire  supply  of  fuel  in  this  way.  The  distilled  hydro- 
carbons have  to  pass  through  the  green  fuel,  where  they  are  mixed 
with  the  air  which  entered  through  the  charging  doors,  pass  down  to 
the  lower  set  of  grates  (the  space  between  the  upper  and  lower  sets 
constituting  the  combustion  chamber)  and  meet  the  preheated  air 
from  the  ash  pit.  The  result  is  that  the  gases  are  mixed  with  sufficient 
air  at  a  high  temperature  to  maintain  complete  combustion. 

This  furnace,  like  others,  gives  good  results,  as  far  as  smoke  is 
concerned,  when  properly  handled.    It  has  the  advantage  in  the  small 
plant  that  it  costs  less  to  install  than  a  stoker  outfit.   The  furnace  is 
usually  hand-fired,  though  a  gravity  system  can  be  installed.   It  gives 
its  best  results,  economically,  on  a  coking  coal,  though  the  makers 
recommend  the  use  of  the  cheaper  grades  of  fuel.     It  has  the  disad- 
vantage of  not  being  flexible  over  wide  ranges  of  load  and  does  not 
work  well  above  rating.    The  initial  cost  of  a  furnace  of  this  char- 
acter is  considerable,  and  sometimes  it  necessitates  a  new  furnace 
and  boiler-front  construction.     But  the    economy    of    operation  is 
greater  than  with  a  steam  jet.    The  cost  of  maintenance  is,  of  course, 
largely  absorbed  by  the  water-tube  grates,  renewals,  cleaning,  etc., 
which  in  turn,  are  dependent  upon  the  character  of  the  water  and 
the  care  in  handling. 

*  Will  add  about  33  per  cent  heating  surface. 
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By  Carl  S.  Dow. 

MANY  a  power  plant  for  mill,  factory,  or  small  electric-light 
station,  was  built  years  ago  with  little  expectation  of  greatly 
increased  load;  but  from  time  to  trme  there  came  demands 
for  more  power,  and  then  for  more  power.  The  generating  or  power 
end  was  perhaps  increased  by  adding  another  engine  or  generating 
set,  or  substituting  a  larger  machine,  and  the  boilers  worked  a  little 
harder  to  make  enough  steam  for  the  greater  output  of  power. 

With  sufficient  draft  a  steam  boiler  is  rather  flexible  as  regards 
capacity,  and  if  conservatively  rated  will  easily  supply  50  or  even  100 
per  cent  above  its  normal  capacity  when  pushed  by  a  good  fireman, 
provided  highest  economy  is  not  essential.  But  when  the  horse  power 
increases  much  above  the  normal,  the  efficiency  decreases,  because 
more  coal  must  be  burned  per  hour,  and  there  is  generated  more  gas 
which  must  pass  off  at  higher  velocity  and  at  higher  temperature. 
Usually  a  boiler  is  designed  with  proportions  for  evaporating  3  to  5 
pounds  of  water  per  square  foot  of  heating  surface  per  hour.  If 
compelled  to  evaporate  greatly  in  excess  of  this,  the  velocity  of  the 
flue  gas  will  be  such  that  the  heating  surface  will  not  have  area  enough 
to  absorb  the  excess  heat,  and  the  gas  will  have  a  final  temperature 
exceeding  about  200  degrees  above  that  of  the  steam,  a  figure  which  is 
considered  good  practice.  A  much  higher  temperature  is  an  indica- 
tion of  low  efficiency. 

If  the  plant  in  question  has  grown  to  an  extent  that  makes  impera- 
tive still  more  power,  the  time  must  soon  come  when  increased  boiler 
capacity  is  necessary,  for  more  steam  cannot  be  made  with  a  reason- 
able efficiency  with  the  existing  grate,  fittmgs,  and  auxiliaries. 

The  Problem. 

The  management  is  confronted  with  a  problem,  the  solution  of 
which  involves  financial  calculation  as  w^ell  as  the  exercise  of  good 
engineering  judgment.  The  easiest  solution  seems  to  be  the  purchase 
of  a  new  boiler;  but  if  the  operating  engineer  suggests  an  economizer, 
his  suggestion  will  very  likely  receive  much  attention,  especially  if  the 
addition  of  a  boiler  would  mean  expensive  alterations  in  the  already 
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crowded  plant.  The  economizer  can  usually  be  supported  on  struc- 
tural steel  above  the  boilers,  thus  reducing  the  cost  of  changes. 

The  matter  of  labor  also  would  have  an  important  bearing.  Con- 
ditions might  be  such  that  the  fireroom  force  was  only  sufficient  to 
care  for  the  boilers  installed,  including  the  removal  of  the  ashes.  The 
adding  of  another  boiler  would  mean  extra  labor  expense,  but  the 
labor  of  operating  the  economizer  would  not  require  additional  help. 

The  draft  also  may  have  a  controlhng  influence  in  the  matter.  Tf 
the  plant  as  originally  designed  had  a  chimney  which  provided  for  a 
moderate  increase  in  boiler  capacity,  it  would  doubtless  care  for  the 
overload  which  has  already  been  necessary.  Another  boiler  would  put 
an  extra  load  on  the  chimney,  which,  if  designed  properly  at  first, 
would  not  be  able  to  carry  off  the  larger  weight  and  volume  of  gas. 
In  other  words,  the  addition  of  another  boiler  would  mean  re-building 
the  chimney,  the  construction  of  a  small  one  for  the  individual  boiler, 
or  a  mechanical-draft  fan  as  an  auxiliary. 

The  economizer,  on  the  other  hand,  would  add  nothing  to  the  vol- 
ume of  gas,  but  would  decrease  it  because  an  economizer  cools  the 
gas  which  decreases  in  volume  upon  decrease  of  temperature.  The 
economizer  would  affect  the  intensity  of  draft  for  it  would  interpose 
a  resistance  of  0.3  to  0.4  inch  of  water.  Also,  cutting  down  the  tem- 
perature would  reduce  the  intensity  of  draft.     In  all  probability,  the 
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addition  of  either  boiler  or  economizer  would  require  auxiliary  draft 
apparatus,  and  in  absence  of  definite  knowledge,  and  to  eliminate  the 
draft  as  the  important  feature,  let  us  assume  that  in  either  case  an 
undcr-grate  fan  is  to  be  installed.  This  then  would  make  unnecessary 
further  consideration  of  draft  in  the  expense,  and  would  provide 
draft  for  hand-firing  or  any  type  of  stoker. 


GREEN    ECONOMIZERS,    MANHATTAN    POWER    STATION    OF    THE    INTERBOROUGH    RAPID 

TRANSIT  CO.,  N.   Y. 

As  to  the  financial  proposition ;  first  cost  alone  cannot  be  the  con- 
trolling factor.  The  first  cost  and  all  the  expenses  for  several  years 
must  be  computed  for  both  boiler  and  economizer,  so  that  a  compari- 
son of  the  results  will  aid  in  deciding  the  question.  Before  making 
the  calculation  let  us  understand  the  economizer,  for  it  is  not  as  com- 
monly used  as  boilers. 

The  Economizer. 

An  economizer  consists  of  a  large  number  of  pipes  so  arranged 
and  connected  that  water  can  flow  from  one  end  of  the  apparatus  to 
the  other.  This  is  accomplished  by  connecting  the  pipes  into  headers, 
thus  forming  rows  or  sections  having  four  to  twelve  pipes.  The  head- 
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ers,  both  bottom  and 
top,  are  connected  to 
wall  boxes  at  the 
bottom  and  mani- 
folds at  the  top  which 
extend  at  right-angles 
to  the  headers.  Since 
the  economizer  is  un- 
der the  same  pressure 
as  the  boilers,  being 
between  the  pump 
and  the  boiler,  all 
joints  must  be  tight 
for  pressures  up  to 
150  to  300  pounds. 
The  waste  gas  is  con- 
ducted to  the  econ- 
omizer, and  naturally 
it  carries  much  soot 
and  dust,  which 
would  accumulate  on 
the  pipes  if  allowed 
to  do  so.  As  soot  is 
a  poor  conductor  of 
heat,  the  transmis- 
sion would  be  im- 
paired     and      there- 

GREEN    ECONOMIZER.      VERTICAL     SECTION.  f     O     r     C        Cach        pipC 

is  provided  with  a  scraper  which  is  made  to  move  continu- 
ously up  and  down  so  that  the  pipes  will  remain  clean  and  readily 
transmit  the  heat  to  the  water  within.  The  economizer  is  enclosed 
in  brick  or  in  a  sectional  asbestos-steel  casing  so  that  the  gas  will 
flow  among  and  between  the  pipes.  The  apparatus  is  provided  with 
a  relief  valve  for  safety,  and  with  blow-off  valves  for  many  of  the 
impurities  of  the  water  are  precipitated  in  the  economizer. 

The  Plant. 
Let  us  assume  that  tlie  plant  has  six  250  horse-power  boilers,  and 
that  the  rated  output  of  1,500  boiler  horse  power  is  actually  increased 
to  2,200.  The  overload  is  not  excessive  under  most  conditions,  but 
the  management  does  not  think  it  best  to  push  the  boilers  harder  even 
though  200  to  250  horse  power  is  needed,  or  will  be  needed  in  the  near 
future.    As  far  as  steam  Is,  concerned,  another  250  horse-power  boiler 
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would  do,  or  an  economizer,  for  economizers  often  add  lo  per  cent 
or  more  to  the  capacity,  and  an  economizer  would  supply  an  ainount 
of  heat  equivalent  to  that  necessary  to  evaporate  250  X  30  =  7,500 
pounds  of  v^ater. 

Before  taking  up  the  relative  expenses  attending  the  installation 
and  operation  of  a  boiler  or  economizer,  let  us  see  how  large  an  econ- 
omizer can  be  put  in  and  ascertain  whether  or  not  it  will  add  suffi- 
ciently to  the  capacity. 


GREEN    ECONOMIZER.       HORIZONTAL    SECTION. 

Since  the  plant  has  an  output  of  2,200  horse  power,  it  will  use 
about  2,200  X  4  ^=  8,800  pounds  of  coal  per  hour,  and  if  we  assume 
that  24  pounds  of  air  are  admitted  per  pound  of  coal,  there  will  be  25 
X  8,800  =  220,000  pounds  of  gas  available  for  the  economizer.  The 
specific  heat  of  escaping  furnace  gas  is  practically  0.23 ;  therefore 
220,000  X  -23  =  50,600  B.  t.  u.  per  degree,  v^ill  be  contained  in  the 
gas,  a  considerable  proportion  of  which  can  be  transferred  to  the 
water.  If  we  assume  that  the  gas  leaves  the  boilers  at  650  degrees 
and  that  v^e  can  cool  it  to  450  degrees,  theoretically  the  available  heat 
will  be  50,600  X  (650  —  450)  =  10,120,000  B.  t.  u.  Those  in- 
stalling and  operating  economizers  know^  that  only  about  75  to  80 
per  cent  of  the  heat  of  the  gas  will  be  transmitted  to  the  w'ater,  the 
remaining  20  to  25  per  cent  being  lost  by  radiation,  air  leakage,  etc. 
10,120,000  X  -75  =  7,590,000  =  available  B.  t.  u. 

Again  making  assumptions  as  to  apparatus :  If  the  heater  delivers 
the  water  to  the  economizer  at  200  degrees  and  the  steam  pressure  is 
150  pounds,  1,025.5  2-  ^-  u-  will  be  required  to  evaporate  one  pound 
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of  water,  for  1,225.5  —  200  —  1,025.5  B.  t.  u.  1,225.5  is  the  total 
heat  in  the  steam  at  150-pounds  gauge,  measured  above  vacuum.  If 
all  the  heat  according  to  our  calculation  is  transmitted  to  the  water 
there  will  be  enough  to  evaporate  7,590,000  -f-  1,025.5  =-■  7,401  pounds 
of  water,  or  the  equivalent  of  7,401  ~  32.5  —  228  horse  power.  This 
factor,  32.5,  is  the  amount  of  water  to  be  evaporated  per  boiler  horse 
power  when  the  pressure  is  150  pounds  and  the  feed  temperature  200 
degrees.  As  calculated,  the  economizer  would  add  228  boiler  horse 
power;  but  since  we  assumed  a  low  factor  (.75),  the  horse  power 
actually  added  would  probably  be  nearer  250. 

Now  let  us  see  to  what  temperature  the  entire  amount  of  feed 
water  will  be  raised  by  the  economizer,  assuming  as  before  that  it 
enters  at  200  degrees,  and  that  the  economizer  is  large  enough  to 
transmit  all  the  available  heat. 

The  total  boiler  horse  power  will  be  2,200  +  228  =  2,428  and 
therefore  32.5  X  2,428  =  78,910  pounds  of  water  will  be  evaporated. 
Available  heat  -^  pounds  of  water  =:  temperature;  or,  7,500,000  ^ 
78,910  =  96. 

In  other  words,  the  economizer  will  heat  all  the  feed  water  to  296 
degrees.  As  the  water  enters  at  200  degrees  and  leaves  at  296  de- 
grees, the  mean  temperature  of  the  water  will  be  (200  +  296)  -^-  2 
=3  248  degrees.  The  gas  enters  the  economizer  at  650  degrees  and 
leaves  at  450  degrees ;  therefore,  the  mean  temperature  of  the  gas  will 
be  (650  +  450)  -f-  2  =  550.  The  mean  temperature  difference  will 
then  be  550  —  248  =  302  degrees. 

Experiment  has  shown  that  with  a  mean  temperature  difference 
of  300  degrees,  about  3  B.  t.  u.  are  transmitted  per  square  foot  per 
degree  difference ;  therefore  248  X  3  :=  744  B.  t.  u.  are  transmitted 
per  square  foot  and  available  heat  -^  transmission  per  square  foot  = 
area  of  heating  surface ;  or,  7,590,000  -f-  744  =  10,202  square  feet. 
Since  an  economizer  measures  practically  12.5  square  feet  of  heat- 
ing surface  per  pipe,  the  economizer  in  question  should  be  made  up  of 
10,202  -f-  12.5  =  816  pipes. 

Let  us  check  these  figures  with  a  few  known  facts.  Usually,  the 
heating  surface  of  an  economizer  is  4  to  5  square  feet  per  horse 
power ;  this  one  has  10,202  ~-  2,200  =  4.63  square  feet.  If  the  econ- 
omizer is  proportioned  as  is  customary,  a  drop  of  2  degrees  in  the  tem- 
perature of  the  gas  results  in  an  increase  in  i  degree  in  the  feed 
water;  in  this  case  the  gas  drops  200  degrees  while  the  feed  water 
rises  96  degrees,  but  as  we  assumed  only  75  per  cent  of  the  heat  to  be 
transferred  to  the  water,  the  actual  rise  might  be  fully  100  degrees. 


OVERLOADED    BOILER    PLANTS. 


413 


'V^aSfth^!^ 

• 

1 

1 

i 

P| 

1 

I 

^^^H 

1 

. 

II  1 

, 

^H 

^^^H 

'                      1 

f 

i   '          ^  ^ 

■ 

'^Bi 

■ 

'^1 

■ 

1 

^B 

1  If  1 

: 

il 

'         1 

ul'    "■  ' 

fil  1 

'■■{ 

\Va 

lip 

>«r^  ^^^^^^^^K '      jPVilHHHBHii 

m 

pn 

^ 

^''":' 

STURTEVANT     ECONOMIZER     AT    CLEVELAND     CLIFFS     IRON     COMPANY  S     PLANT, 

ISHPEMING,     MICH. 

The  question  to  be  decided  is :  Will  it  be  more  economical  to  put  in 
a  250  horse-power  boiler,  or  an  economizer  having  816  pipes?  In 
first  cost,  the  boiler  will  of  course  be  much  cheaper,  for  an  average 
price  per  boiler  horse  power  is  $10,  making  the  cost  of  the  boiler 
$2,500,  while  the  economizer  will  probably  cost  at  least  $10  per  pipe 
or  $8,160.  But  this  is  only  the  beginning;  let  us  see  what  the  differ- 
ence will  be  when  fuel,  depreciation,  taxes,  operating  expenses,  etc. 
are  taken  into  account. 

Charles  T.  Main  states  that  with  good  water  and  care,  the  life  of 
a  boiler  running  12  hours  per  day  should  be  about  20  years,  or  the 
depreciation  5  per  cent,  a  year.  The  life  of  an  economizer,  according 
to  this  engineer,  varies  with  the  initial  temperature  of  the  entering 
water  from  about  10  years  up  to  40.  Let  us  assume  a  figure  between 
these  limits  and  say  that  the  economizer  also  will  last  20  years,  mak- 
ing the  depreciation  the  same  as  that  of  the  boiler,  5  per  cent. 
The  matter  of  depreciation  must  be  in  the  nature  of  an  approxi- 
mation, for  depreciation  is  not  always  separated  from  repair  expense, 
and  a  part  of  the  depreciation  may  appear  as  repairs,  supplies,  etc. 
It  should,  however,  be  considered  as  a  sinking  fund,  which  is  the  sum 
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laid  aside  each  year  to  purchase  new  apparatus  to  take  the  place  of 
that  worn  out  or  rendered  less  valuable  because  of  the  introduction 
of  new  designs. 

The  question  of  repairs  or  maintenance  is  another  that  must  be  an 
approximation.  Maintenance  expense  is  the  cost  of  keeping  the  ap- 
paratus in  running  order,  and  should  be  separate  from  cost  of  attend- 
ance. It  usually  includes  replacement  of  worn-out  parts.  In  the 
case  of  the  boiler,  the  maintenance  expense  would  probably  be  higher 
for  the  water-tube  than  for  the  fire-tube  type.  Probably  i  per  cent, 
per  year  of  the  initial  cost  would  be  sufficient.  With  the  economizer. 
I  per  cent  will  be  ample  for  maintenance  and  repairs  for  there  are 
few  moving  parts  and  the  temperatures  are  not  nearly  as  great  as 
those  in  the  boiler. 

We  may  allow  2  per  cent  of  the  original  cost  to  cover  insurance 
and  taxes,  items  wliich  vary  slightly  with  locality.  The  difftculty  of 
obtaining  money  has  some  influence  upon  the  amount  to  be  allowed 
for  interest  on  the  investment,  but  5  per  cent  will  be  a  good  average. 

The  only  important  item  left  is  the  operating  expense,  and  this 
must  show  greatly  to  the  advantage  of  the  economizer,  for  the  heat 
units  for  the  economizer  are  obtained  from  waste  gas,  while  with 
^h^  bpiler  coal  must  be  coi^tinuouslv  fed  to  the  furnace.    The  operat- 
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ing  expense  of  an  economizer  is  only  the  cost  of  the  power  necessary 
for  the  driving  of  scrapers.  Since  the  economizer  will  probably  fur- 
nish 250  horse  power,  the  power  for  the  scrapers  might  be  reckoned 
per  horse  power,  but  it  is  more  usual  to  state  the  power  required  per 
pipe,  or  the  number  of  pipes  that  can  be  kept  clean  with  one  horse 
power.  Experiment  shows  that  with  an  economizer  of  this  size  i 
horse  power  will  keep  the  scraper  going  on  about  275  pipes.  There- 
fore the  816  pipes  will  require  3  horse  power,  but  to  insure  power 
enough  to  prevent  sticking,  5  horse  power  would  be  put  in.  This  will 
be  5  -^  2,450  =  .002,  or  0.2  per  cent ;  the  cost  of  this  power  is  so 
small  that  it  may  be  neglected. 

The  labor  expense  of  operating  both  boiler  and  economizer  is  to  be 
neglected  as  already  stated,  for  it  was  assumed  that  the  existing  fire- 
room  labor  would  attend  to  either. 

As  to  the  coal.  In  absence  of  knowledge  as  to  locality,  we  must 
make  assumptions.  Coal  may  be  considered  to  cost  $4  per  ton  at  the 
boilers,  and  it  is  reasonable  to  assume  that  the  boilers  will  require 
3/^  pounds  per  boiler  horse  power,  and  therefore  250  x  33^  x  10  = 
8,750  pounds  per  day,  or  3.9  tons  per  day,  or  3.9  x  300  =  1,170  tons 
per  year,  which  will  cost  $4,680. 


STURTEVANT    ECONOMIZEKS,   J.    K.    BOOTH    FACTORIES. 
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GREEN   ECONOMIZERS    INSTALLED    AT    HOBOKEN,   N.   J.^  FOR  THE  D.    L.    &   W.    R.    R. 

Collecting  these  items  we  have  for  the  boiler : 

Interest,  5  per  cent  of  $2,500 $125 

Depreciation,  5  per  cent  of  $2,500 125 

Maintenance,  i  per  cent  of  $2,500 25 

Insurance  and  taxes,  2  per  cent 50 

$325 
For  20  years  the  expense  will  be  20  x  325  =  $6,500  +  $2,500  == 

$9,000.    To  this  must  be  added  the  fuel  bill,  or  $9,000  +  (20  x  4680) 

=  $102,600. 

Economizer  cost  for  one  year : 

Interest,  5  per  cent  of  $8,160 $408.00 

Depreciation,  5  per  cent  of  $8,160 408.00 

Maintenance,   i   per  cent  of  $8,160 81.60 

Insurance  and  taxes,  2  per  cent 163.20 

$1,060.80 
For  20  years  the   expense    will    be    20  x  $1,060.80  +  $8,160  = 
$29,376.     These  figures  show  that  there  would  be  a  net  saving  of 
$102,600  —  $29,375  ^=  $73^224,  by  installing  the  economizer,  or  an 
average  of  $3,661.20  per  year. 

Expressed  another  way:  The  cost  of  a  boiler  horse  power  per 
y^r  under  the  above  conditions  and  with  the  given  assumptions  would 
b^$i02,6oo  -f~  (20  X  250)  :=  $20.52.  With  the  economizer,  assuming- 
it  to  be  the  equivalent  of  228  boiler  horse  power,  the  cost  per  year 
would  be  $29,376 -^  (20x228)  =$6.44,  or  a  saving  by  using  an 
economizer  of  $20.52  —  6.44  =  $14.08,  per  horse  power  per  year, 


Editorial   Comment 


Safety  in  Mining. 

THE  institutions  described  by  Mr. 
Stoek  in  our  leading  article  in  this 
month  are  an  interesting  evidence  of 
changing  attitude  toward  industrial  rela- 
tions— an  example  of  intelligent  provis- 
ion by  employers  for  the  better  welfare 
of  their  employees.  Under  the  older 
order  there  was  little  attempt  to  take  any 
position  in  this  matter  between  the  ex- 
tremes of  complete  indifference  on  the 
one  hand,  leading  to  callousness  and  bru- 
tality, or  patronizing  paternalism  on  the 
other  hand,  leading  to  evils  of  its  own 
almost  as  bad  economically  if  less  repug- 
nant morally.  The  newer  idea  is  akin  to 
the  principle  of  "helping  men  to  help 
themselves,"  which  has  been  found  so 
useful  elsewhere. 

A  marked  extension  of  the  same  mo- 
tive appears  in  the  Government  work, 
investigational  and  educational,  in  the 
use  of  mine  explosives.  An  authoritative 
report  on  this  subject  by  the  experts  of 
the  United  States  Government  will  ap- 
pear in  our  July  issue.  To  State  authori- 
ties and  to  the  officers  of  the  mining  com- 
panies, it  will  afford  a  body  of  knowledge 
useful  for  conservation  of  life  and  prop- 
erty. The  more  progressive  will  seize 
upon  the  information  eagerly,  irrespec- 
tive and  in  advance  of  any  statutory  re- 
quirement. 


A  Study  of  Labor  Conditions. 

VERY  interesting  data  and  conclusions 
on  matters  closely  related  to  those 
referred  to  above  are  embodied  in  Dr. 
Victor  S.  Clark's  monograph  on  "'Women 
and  Child  Wage  Earners  in  Great  Brit- 
ain," just  published  by  the.  Bureau  of 
Labor  of  the  United  States  Department 
of  Commerce  and  Industry.  The  author 
refers  to  the  common  impression   (sup- 


ported by  his  observation)  that  condi- 
tions surrounding  this  class  of  workers 
in  Great  Britain  are  often  very  bad;  but 
he  avers  that  there  are  no  greater  depths 
than  can  be  found  in  some  parts  of 
America.  And,  indeed,  his  summary  of 
the  character  and  effect  of  recent  legis- 
lation would  seem  to  show  that  Great 
Britain  now  offers  models  that  some  of 
the  States  must  rise  to  reach. 

The  law,  administered  by  200  factory 
inspectors,  assisted  by  the  local  authori- 
ties and  by  2,000  certifying  surgeons,  is 
concerned  chiefly  witli  hours  of  labor 
and  with  employment  in  dangerous 
trades,  though  some  recent  enactments 
seek  to  improve  the  home  environment 
of  the  laborers.  Children  are  not  al- 
lowed to  work  under  12  years  of  age, 
and  then  only  half  the  time,  in  factories 
or  above  ground  at  mines.  The  other 
half  of  the  thirteenth  year  must  be  given 
to  school.  Full-time  work,  under  certain 
restrictions,  is  allowed  to  children  above 

13  years  of  age.    "Young  Persons"  from 

14  to  17  may  work  12  hours  daily  by  day 
only,  and  to  a  total  of  only  5554  hours  a 
w^eek  in  textile  factories  or  60  hours  a 
week  in  other  works.  Overtime  is  prac- 
tically prohibited  to  children  or  young 
persons,  and  is  permitted  only  to  a  lim- 
ited extent  to  women,  whose  work  gen- 
erally is  subject  to  the  same  restrictions 
as  that  of  young  persons. 

Dangerous  occupations  are  under  spe- 
cial regulation  by  the  Home  Secretary  as 
well  as  by  specific  laws.  Home  work  is 
also  under  regulation,  and  excessive  fines 
or  charges  for  extras  ^re  prohibited. 
Piece  workers  must  be  given  an  itemized 
statement  by  the  employers. 

The  effect  of  the  restrictions  is  re- 
ported to  be  a  material  decrease  in  the 
number  of  female  and  juvenile  workers. 
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partly  for  the  simple  economic  reason 
that  em.ploycrs  no  longer  find  it  so  prof- 
itable as  it  was  when  unrestricted,  but 
partly  through  change  in  public  senti- 
ment, and  through  progressive  improve- 
ment in  wages  by  which  working  people 
are  better  able  to  get  along  without  the 
earnings  of  their  children.  With  de- 
creased employment  of  married  women 
there  seems  to  be  a  betterment  of  certain 
important  social  conditions,  notably  high- 
er standards  of  family  comfort,  more 
careful  provision  of  wholesome  diet,  in- 
creased school  attendance  of  the  chil- 
dren, and  lower  infant  mortality.  All 
these  factors  manifestly  influence,  imme- 
diately and  powerfully,  the  efficiency  of 
the  workers  going  out  from  the  home; 
and  the  most  impressive  deduction  from 
Dr.  Clark's  study  is  that  "one  of  the 
first  ways  to  improve  the  condition  of 
wage  earners  of  the  weaker  industrial 
classes  is  to  increase  their  efficiency." 
With  full  recognition  of  the  excellent 
motive  and  effect  of  direct  industrial 
regulation,  he  lays  stress  upon  the  neces- 
sity for  "broader  and  more  generous 
remedies" — meaning  thereby  influences 
permeating  the  life  of  the  workman  out- 
side of  his  place  and  hours  of  labor. 
The  most  important  of  these  influences 
suggested  by  Dr.  Clark  are  higher  effi- 
ciency, higher  earnings,  and  a  more  in- 
telligent distribution  of  home  expendi- 
tures. This  is  in  accord  with  the  doc- 
trine of  welfare  work  to  which  we  have 
always  given  our  earnest  assent;  that  is, 
that  elaborate  institutions  for  miscella- 
neous instruction,  recreation,  social  di- 
version, and  incidental  publicity,  are  a 
false  graft  upon  industrial  development, 
and  seldom  result  really  well  for  the 
■maintenance  of  mutual  regard  between 
employer  and  employee ;  and  that  while 
the  employer  should  remove  conditions 
•  of  discomfort  and  assure  surroundings 
-characterized  by  hygiene  and  decency 
:and  stimulative  of  self-respect,  it  is  gen- 


erally expedient  to  limit  contractual  re- 
lations to  that  mark  and  then  to  provide 
a  mode  and  scale  of  payment  enabling 
the  employee  to  earn  the  largest  wages 
possible  to  his  capacity. 

Dr.  Clark  refers  to  Great  Britain's  ap- 
parent disposition  to  invest  legislation 
with  a  new  function — that  of  "economic 
readjustment  to  make  possible  higher 
earnings."  The  immediate  effort  in  this 
direction  seems  to  be  the  establishment 
of  a  minimum  wage.  It  is  difficult  to  see 
anything  hopeful  or  expedient  in  such 
an  attempt.  If  the  functions  of  govern- 
ment are  ever  effectively  exercised  for 
the  promotion  of  efficiency,  it  will  not  be 
through  artificial  regulation  of  the  wages 
to  be  paid  or  to  be  accepted  as  between 
third  parties,  but  through  exercising 
some  of  its  natural  and  ordinary  offices 
so  as  to  accomplish  the  same  result  in  a 
natural  and  ordinary  way. 

Such  a  m.ode  was  suggested  b}^  Mr. 
Emerson  in  this  Magazine  last  March, 
in  the  concluding  article  of  his  series  on 
Efficiency.  His  proposal  was  that  when 
individuals  and  corporations  are  in  a 
period  of  lull,  the  Government  should 
come  into  the  market  with  long  matured 
plans  for  unhurried  improvement;  that 
employment  in  national  works,  reclama- 
tion of  arid  lands,  harbor  dredging,  ca- 
nals, highways,  should  always  be  open  to 
the  otherwise  unemployed  at  a  minimum 
wage,  thus  doing  away  forever  with  the 
disgrace  of  "bread  lines."  Such  work, 
even  in  moderate  quantity,  would  auto- 
matically regulate  the  scale  of  wages  in 
industry. 

A  wiser  and  saner  socialism,  this,  than 
any  effort  to  prescribe  terms  of  contract 
between  individuals  —  ignoring  or  at- 
tempting to  override  the  laws  of  supply 
and  demand,  of  competition,  and  those 
fundamental  principles  of  economics 
which  are  inevitable,  and  certain  to  visit 
their  own  punishment  inevitably  upon  all 
violators. 


PRIME    MOVERS. 

A  DISCUSSION  OF  THE  ECONOMICS  OF  ELECTRIC  POWER  GENERATION. 

Charles  P.  Steinmetz — American  Institute  of  Electrical  Engineers. 


A  PAPER  on  prime  movers,  with 
special  reference  to  their  suita- 
bility to  the  various  economic 
and  other  requirements  of  electric  ser- 
vice, read  by  Dn  Charles  P.  Steinmetz 
at  the  February  meeting  of  the  American 
Institute  of  Electrical  Engineers  and 
published  in  the  February  number  of  the 
Proceedings,  contains  one  of  the  most 
lucid  discussions  of  the  broad  general 
principles  of  the  economics  of  electric 
power  generation  which  have  come  to 
our  notice.  This  part  of  Dr.  Steinmetz's 
paper  is  reproduced  in  rather  full  ab- 
stract below;  a  theoretical  discussion  of 
thermodynamic  prime  movers,  with 
which  the  paper  is  concluded,  is  beyond 
the  scope  of  this  review. 

"To  become  available  for  conversion 
into  electric  power,  the  energy  found  in 
nature  must  first  be  converted  into  me- 
chanical rotation  by  some  form  of  prime 
mover.  The  engineering  characteristics 
of  these  apparatus  may  be  classed  imder 
two  main  groups,  those  referring  to 
economy  and  reliability,  respectively.  In 
both,  the  electric  machine,  whether  gen- 
erator or  motor,  ranges  very  high :  its 
efficiency  is  virtually  unity;  its  size^  first 
cost,  and  maintenance  small ;  its  relia- 
bility great..  In  the  cost  of  electric 
power  the  electric  machine  plays  only  a 
subordinate  part ;  the  essential  element  in 
determining  the  cost  and  the  reliability 
of  electric  power  is  the  prime  mover; 
that  is,  the  intermediary  step  between 
nature's  stores  of  energy  and  the  dyna- 
mo shaft. 


"The  cost  of  electric  power  consists 
of  three  parts:  (i)  the  fixed  cost  or 
permanent  cost;  that  is,  the  cost  depend- 
ing on  the  size  of  the  station,  but  not  on 
the  amount  of  power  supplied  by  it;  (2) 
the  proportionate  cost;  that  is,  cost  pro- 
portional to  the  amount  of  power  deliv- 
ered; and  (3)  the  reliability  insurance; 
that  is,  the  additional  cost  required  to 
assure  the  desired  reliability  of  service." 

The  first  of  the  items  under  fixed  cost, 
the  interest  on  the  investment  in  the 
plant,  varies  very  greatly  with  the  form 
of  the  available  energy.  On  account  of 
the  hydraulic  development  required,  it 
is  frequently  very  large  in  water-power 
plants.  It  also  depends  on  the  prevailing 
rate  of  interest,  on  the  ease  with  which 
the  capital  for  development  can  be  ob- 
tained, and  on  local  conditions — whether 
a  market  is  waiting  for  the  power  or  is 
within  easy  reach,  or  whether  a  market 
has  first  to  be  created.  The  item  of  de- 
preciation is  different  for  different  parts 
of  the  line;  it  is  very  low,  for  instance, 
for  buildings  and  for  line  copper,  and 
very  high  for  such  apparatus  as  railway 
motors.  In  considering  depreciation,  it 
must  be  recognized  that  the  useful  life 
of  the  apparatus  may  be  much  shorter 
than  the  total  life,  and  that  the  ratio 
of  the  useful  .life  to  the  total  life  va- 
ries with  different  apparatus.  The 
useful  life  of  apparatus  is  ended  when 
the  cost  of  the  difference  in  economv, 
properly  capitalized,  exceeds  the  cost  of 
reconstruction  of  the  plant.  In  electrical 
plants  this  condition  may  arise  through 
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advances  in  the  art  of  design,  through 
an  increase  in  the  market  which  makes 
the  original  units  too  srnall,  the  space- 
economy  too  low,  or  the  voltage  too  low, 
for  economy,  or  through  other  changes 
which  make  the  old  plant  uneconomical. 
When  the  useful  life  is  ended,  the  old  ap- 
paratus should  be  thrown  out  with  what- 
ever salvage  is  feasible,  either  by  use  as 
reserve,  to  take  care  of  peak  loads,  or  to 
be  operated  elsewhere  vvhen  it  is  dis- 
placed on  account  of  considerations  of 
space  economy.  Besides  interest  and 
depreciation,  a  certain  part  of  the  oper- 
ating expense  must  be  included  under 
fixed  cost,  namely,  that  part  which  does 
not  depend  on  the  use  of  the  plant.- 

Under  proportionate  cost  are  included 
the  cost  of  energy  and  accessories  to  its 
conversion,  fuel,  oil,  etc. ;  the  cost  of 
labor  and  attendance,  including  that  part 
of  supervision  which  varies  with  the 
power  utilized;  and  the  cost  of  mainten- 
ance and  depreciation  of  the  plant,  as 
far  as  they  depend  on  the  use  of  the 
apparatus,  commutator  repairs,  etc. 

Reliability  insurance  includes  the  over- 
load capacity  of  apparatus  in  power,  volt- 
age, etc.,  provided  to  take  care  of  emer- 
gencies; duplication  of  parts  of  the 
plant,  as  reserve  units,  duplication  of  ex- 
citer plant,  of  lines,  feeders,  etc.,  and  ad-, 
ditional  plant,  as  steam  reserve  with 
water-power  plants,  storage-battery  re- 
serve, tie  lines  with  other  systems,  etc. 

Some  items  of  the  cost  of  power  may 
belong  partly  in  one,  partly  in  the  other 
class;  depending  on  local  conditions  the 
c6st  of  developing  water  storage,  for  in- 
stance, would  belong  under  fixed  cost,  if 
the  power  capacity  of  the  plant  depended 
on  it,  and  under  reliability  insurance 
if  provided  to  guard  against  failure 
of  the  power  in  unusually  dry  seasons. 
Reliability  insurance  consists  in  part  of 
the  character  of  fixed  cost,  and  in  part  of 
the  character  of  proportionate  cost ;  but 
in  these  days  when  the  lay  public  is  in- 
terested in  the  cost  of  electric  power,  and 
is  comparing  plants  which  may  be  very 
different  in  regard  to  reliability  of  ser- 
vice, it  appears  desirable  to  recognize 
the  insurance  of  continuity  of  service  as 
a  separate  part  of  the  cost  of  electric 
pawer.  The  great  difficulty  in  discussing 
reliability  of  service  is  the   absence  of 


any  established  standard.  A  classifica^ 
tion  of  electric  power  supply  regarding 
its  reliability  may  be  made  on  the  basis 
of  the  number  of  shutdowns  per  year^ 
and  four  classes  of  shutdowns  may  be 
distinguished,  by  the  time  of  their  dura- 
tion: (i)  less  than  one  second,  that  is, 
less  than  the  time  required  to  throw 
synchronous  apparatus  out  of  step;  (2) 
less  than  20  minutes,  that  is,  the  time  in 
which  synchronous  apparatus  in  a  well 
organized  plant  can  be  put  back  into 
service;  (3)  less  than  three  hourS;  that 
is,  the  time  sufficient  to  start  anew  a 
steam  plant,  repair  or  renew  such  appa- 
ratus as  transformers,  repair  lines,  etc. ; 
and  (4)  more  than  three  hours,  or  a 
complete  breakdown  of  the  system.  In 
estimating  reliability  a  shutdown  of  part 
of  a  system  may  be  considered  as  a  part 
of  a  shutdown,  and  voltage  variations 
beyond  fixed  limits  may  be  treated  in  the 
same  way.  About  the  best  system  of 
classification  which  can  be  expected  at 
present  is  as  follows: 

1.  First  class  service:  (i)  less  than  4 
per  year;  (2)  less  than  i  per  year;  (3) 
and  (4)  absent. 

2.  Good  service:  (i)  less  than  12  per 
year;  (2)  less  than  4  per  year;  (3)  less 
than  I  per  year;  (4)  absent. 

3.  Second  class  service:  (i)  less  than 
52  per  year;   (2)  less  than  12  per  year; 

(3)  less  than  4  per  year;  (4)  less  than 
I  per  year. 

4.  Third  class  service:  (2)  less  than 
52  per  year;   (3)  less  than  12  per  year; 

(4)  less  than  4  per  year. 

5.  Unsatisfactory  service,  suitable  only 
as  auxiliary  power,  etc. 

Most  of  the  features  of  prime  movers 
pertain  either  to  economy  or  to  reliabil- 
ity. Economy  may  be  considered  under 
the  heads  of  power  economy  or  efficiency, 
space  economy,  investment  economy,  la- 
bor economy,  and  maintenance,  repair 
and  depreciation.  With  a  thermodynamic 
engine  the  total  efficiency  is  the  product 
of  mechanical  efficiency,  thermodynamic 
efficiency  and  producer  efficiency.  The 
thermodynamic  efficiency,  the  ratio  of 
the  available  energy  in  the  engine  to  the 
total  heat  energy  supplied  to  it,  depends 
essentially  on  the  temperature  range  util- 
ized by  the  engine,  with  which  it  in- 
creases, and  to  a  lesser  degree  on  the 
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thermodynamic  cycle  used.  The  me- 
chanical efficiency,  the  ratio  of  the  me- 
chanical output  at  the  engine  shaft  to  the 
available  energy  in  the  engine,  depends 
on  the  size  per  kilowatt  output  of  the  cyl- 
inder volume,  on  the  temperature  range, 
pressures,  momentum  of  the  moving 
parts,  their  velocity  and  the  nature  of 
the  velocity,  whether  reciprocating  or 
rotating,  etc.  In  general  it  increases 
with  increasing  size  and  mass  per  kilo- 
watt, with  increasing  speed,  and  with 
increasing  temperature  and  pressure  dif- 
ferences. It  thereby  depends  largely  on 
the  available  energy  per  unit  volume  and 
per  unit  weight  of  the  working  fluid.  The 
producer  efficiency  is  the  ratio  of  the 
total  energy  of  combustion  of  the  fuel 
to  the  heat  energy  supplied  to  the  engine ; 
its  consideration  opens  a  field  too  wide 
to  be  discussed  in  the  present  paper.  As 
the  cost  of  the  energy  is  only  a  part  of 
the  proportionate  cost  of  power,  the  im- 
portance of  the  efficiency  varies  with  the 
proportion  which  this  part  of  the  cost 
bears  to  the  total  cost;  it  depends  there- 
fore, upon  numerous  considerations,  size 
of  plant,  load  factor,  etc.  In  general, 
high  engine  efficiency  increases  in  im- 
portance with  increasing  size  of  plant, 
and  with  increasing  load  factor,  and  in 
large  plants  becomes  the  most  important 
factor. 

Space  economy  depends  essentially  on 
the  engineering  skill  and  judgment  in 
the  design  of  the  plant,  and  on  the  type 
of  the  prime  mover.  It  affects  the  fixed 
cost  of  power  and  varies  greatly  in  im- 
portance, according  to  local  conditions. 
Investment  economy  depends  largely  on 
the  available  market  and  the  desired 
quality  of  the  power.  It  affects  the 
choice  of  the  prime  mover;  for  with  an 
assured  market,  requiring  high  grade  of 
service,  the  large  investment  of  a  first 
class  modern  plant  with  the  best  type  of 
prime  movers  and  ample  reserve  is  most 
economical ;  in  other  situations,  for  in- 
stance in  the  case  of  auxiliary  plants, 
good  judgment  may  suggest  cheaper  and 
correspondingly  less  efficient  apparatus. 

With  a  high  price  and  a  poor  quality 
of  skilled  labor,  prime  movers  which  re- 
quire a  higher  grade  of  attendance  be- 
come less  economical  than  less  efficient 
prime  movers  which  can  be  operated  by 


unskilled  labor  or  require  very  little 
skilled  labor.  In  the  United  States  par- 
ticularly the  reduction  of  the  amount  of 
high-grade  skilled  labor  is  economically 
necessary,  and  this  fact  has  influenced 
to  a  considerable  extent  the  develop- 
ment of  the  industry.  Designers  of 
electrical  apparatus  and  other  machinery 
have  been  forced  to  devote  their  atten- 
tion chiefly  to  making  the  apparatus  as 
"fool-proof"  as  possible,  even  if  effi- 
ciency and  other  characteristics  have  to 
be  sacrificed  to  some  extent. 

Maintenance,  repair  and  depreciation 
depend  largely  on  the  type  of  prime 
mover,  and  in  thermodynamic  engines 
on  the  cycle  used.  Greater  mechanical 
and  temperature  stresses,  in  general, 
other  things  being  equal,  tend  to  greater 
maintenance  and  repair  cost  and  more 
rapid  depreciation.  Thus  this  item  is  to 
some  extent  proportional  to  the  mechan- 
ical efficiency,  and  inversely  proportional 
to  the  thermodynamic  efficiency  of  the 
engine  cycle.  The  economic  item  of  de- 
preciation depends,  however,  not  only 
on  the  wear  of  the  apparatus  but  also 
on  the  limitation  of  its  useful  life.  In 
this  respect  it  must  be  kept  in  view  that 
with  apparatus  which  is  in  a  state  of 
rapid  development,  as  the  steam  turbine, 
the  useful  life  should  be  expected  to  be 
shorter  than  with  apparatus  in  a  field  in 
which  no  great  development  occurs. 

It  will  be  seen  that  in  the  economic 
characteristics  of  thermodynamic  prime 
movers  in  general,  efficiency  and  the 
other  features  are  to  some  extent  mu- 
tually conflicting.  Engineering  judg- 
ment must  therefore  decide  on  the  rela- 
tive weights  of  the  different  economic 
factors  which  enter  into  the  choice  of 
the  prime  mover  in  each  individual  case. 

Features  which  are  important  for  the 
reliability  of  the  plant  and  hence  for 
continuity  of  service  are:  (i)  the  ab- 
sence or  presence  of  external  influences 
be>'ond  the  control  of  the  operating 
force,  as  meteorological  effects,  etc. ;  (2) 
the  design  of  the  plant,  particularly  the 
arrangement  of  prime  movers  and  elec- 
trical apparatus,  whicli  should  be  care- 
fully laid  out  to  afford  the  greatest 
safety  of  operation  before  the  plant  is 
constructed  and  before  the  buildings  are 
designed;  (3)  the  probable  frequency  of 
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shutdown  of  the  prime  mover,  and  the 
liability  of  involving  other  machines  by 
it,  and  the  number  of  other  units  and 
reserve  plants  available,  a  factor  related 
to  the  economic  item  of  maintenance  re- 
pair and  depreciation;  and  (4)  rapidity 
of  starting  of  apparatus  and  getting  them 
into  service,  to  cope  with  emergencies 
as  a  shutdown  of  the  system  or  a  part  of 
it,  an  accident  to  one  or  several  units, 
etc.,  or  even  an  unexpectedly  rapid  in- 
crease of  load,  and  rapidity  of  reaction 
to  changes  of  load.  These  features  de- 
pend to  a  considerable  extent  on  the  type 
of  prime  movers  and  other  apparatus, 
but  to  a  still  greater  extent  on  the  pre- 
paredness for  such  emergencies  and  on 
the  organization  of  the  operating  force. 
In  the  concluding  part  of  his  paper, 


Dr.  Steinmetz  discusses  the  character- 
istic features  of  the  available  types  of 
prime  movers,  with  regard  to  their  suit- 
ability for  the  various  economic  and 
other  requirements  of  electric  service. 
Hydraulic  prime  movers  he  dismisses 
with  a  brief  outline  of  their  more  promi- 
nent characteristics.  Thermodynamic 
prime  movers,  however,  he  discusses  at 
considerable  length,  his  review  embrac- 
ing the  steam  engine,  condensing  and 
non-condensing,  with  and  without  super- 
heat; the  steam  turbine,  condensing  and 
non-condensing,  with  and  without  super- 
heat; the  gas  engine,  using  the  available 
fuel  directly,  as  natural  gas,  blast- 
furnace gas  or  liquid  fuel;  and  the  gas 
engine,  with  producer  plant  converting 
solid  fuel  into  gas. 


THE    PROBLEM   OF  EFFICIENCY   IN   ILLUMINATION. 

A  CLASSIFICATION  AND  EXAMINATION  OF  THE  FACTORS  UPON  WHICH  IT  DEPENDS. 

Arthur  J.  Sweet — The  Electric  Journal. 


IN  the  comparatively  new  science  of 
illuminating  engineering,  as  in  near- 
ly all  other  branches  of  engineering- 
work,  the  problem  of  efficiency  plays  an 
important  part.  It  is,  in  fact,  of  even 
more  marked  importance  in  illumination 
than  in  other  fields.  In  the  application, 
for  instance,  of  an  electric  motor,  effi- 
ciency is  usually  a  consideration  second- 
ary to  reliability ;  in  air  brake  and  signal 
systems,  it  is  entirely  subordinated  to  the 
latter.  The  choice  of  a  steam  engine,  un- 
der certain  conditions  of  fuel  supply  and 
cost,  may  sometimes  be  governed  by  con- 
siderations of  first  cost  rather  than  of 
efficiency  of  operation.  In  illumination, 
however,  efficiency  of  operation  is  a  con- 
sideration so  paramount  that  it  may 
rightly  be  called  the  problem  of  illumina- 
tion. The  physical  and  physiological  fac- 
tors upon  which  efficiency  of  illumination 
depends  are  given  a  very  simple  and  com- 
prehensive exposition  in  a  paper  by  Mr. 
Arthur  J.  Sweet  in  The  Electric  Journal 
for  March.  The  abstract  given  below 
will  form  a  useful  introduction-  to  an 
article  on  the  illumination  of  industrial 
plants  to  appear  in  our  July  number. 

Mr.  Sweet  first  disposes  of  two  com- 
mon objections  to  the  view  that  the 
problem  of  illumination  is  primarily  one 


of  efficiency.  The  first  is  the  question 
of  the  relative  importance  of  efficiency 
and  the  useful  life  of  the  illuminating 
apparatus.  Curves  are  given,  showing 
the  relation  between  the  renewal  cost  of 
the  lamp  to  the  power  consumption  cost 
at  different  costs  of  power  per  kilowatt- 
hour,  for  a  16  candle-power,  3.1  watts 
per  candle,  iio-volt  carbon-filament 
lamp.  They  show  that  within  the  range 
of  cost  at  which  electrical  energy  is  com- 
monly available  to  the  user  of  light — 8 
to  15  cents  per  kilowatt-hour — the  re- 
newal cost  is  almost  negligible  as  com- 
pared with  the  cost  of  power.  In  the 
case  of  the  gas  mantle,  the  Nernst  lamp, 
the  mercury-vapor  lamp,  or  any  of  the 
various  forms  of  arc  lamp  in  commer- 
cial use,  a  similar  relation  exists ;  the 
useful  life  is  of  minor  importance  as 
compared  with  efficiency.  The  second 
objection  has  to  do  with  the  artistic 
quality  of  illumination,  which  is  some- 
times asserted  to  be  frequently  of  more 
importance  than  efficiency.  Artistic 
merit  and  efficiency  are  not  antagonistic 
nor  even  independent  principles;  in  il- 
lumination, art  and  efficiency  go  hand  in 
hand.  Not  all  so-called  artistic  installa- 
tions are  efficient;  but  the  truly  efficient 
installation  is  almost  invariably  artistic. 
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The  general  laws  upon  which  the 
efficiency  of  illumination  depends  are 
the  fundamental  laws  of  illuminating  en- 
gineering. A  discussion  of  the  factors 
which  determine  efficiency,  therefore, 
must  proceed  from  a  recognition  and 
classification  of  the  laws  according  to 
which  these  factors  act.  At  the  outset  it 
is  necessary  to  have  a  clear  conception 
of  what  is  meant  by  efficiency  in  illumi- 
nating engineering.  In  the  older  engin- 
eering sciences,  efficiency  is  the  useful 
energy  out-put  divided  by  the  energy  in- 
put, expressed  as  a  percentage;  and  in 
most  engineering  work  the  end  sought  is 
the  transformation  of  one  purely  physical 
form  of  energy  into  another  purely  phys- 
ical form.  In  illumination,  however,  the 
end  sought  is  a  physiological  process, 
sight ;  and  as  yet  no  unit  has  been  found 
to  establish  a  relation  between  energy 
and  the  physiological  sensation  called 
clear  vision.  But  though  the  illumi- 
nating engineer  has  no  unit  of  efficiency, 
the  term  efficiency  can  be  used  and 
the  distinctions  of  higher  and  lower  ef- 
ficiency can  be  drawn.  In  illumination 
there  is  for  any  installation  a  fairly  defi- 
nite condition  known  as  "good  illumina- 
tion." For  any  given  plane  of  reference, 
or  for  any  combination  of  such  planes, 
the  relation  of  the  efficiencies  of  two 
different  schemes  of  illumination  will  be 
the  inverse  relation  of  the  energy  in-put 
required  to  produce  "good  illumination" 
in  each  case.  The  problem  of  the  illu- 
minating engineer  is  to  determine  the 
laws  on  which  efficiency  depends  and  so 
to  apply  these  laws  in  the  utilization  of 
energy  as  to  accomplish  the  greatest 
amount  of  useful  work  per  unit  of  en- 
ergy, measured  in  terms  of  visual  per- 
ception, even  though  he  cannot  express 
in  absolute  terms  the  results  attained. 

In  the  term  "efficiency  of  illumination" 
is  included  the  combined  effect  of  three 
different  kinds  of  efficiency;  first,  the 
efficiency  of  visual  perception,  that  is, 
the  efficiency  with  which  the  eye  receives 
light  energy  and  transforms  it  into  vis- 
ual perception ;  second,  the  efficiency  ol 
light  distribution,  the  relation  between 
total  light  energy  generated  and  light 
energy  useful  in  producing  desired  con- 
ditions for  visual  perception ;  and  third, 
the  efficiency  of  the  light  source,  that  is, 


the  efficiency  with  which  chemical  or 
electrical  energy  is  transformed  into 
light  energy.  All  three  are  of  import- 
ance; it  has  been  the  error  of  the  past  to 
lay  all  the  emphasis  on  the  last. 

Efficiency  of  visual  perception  depends 
u])on  three  conditions,  the  intrinsic  bril- 
liancy of  the  light  source  and  of  the 
surrounding  light-reflecting  objects,  the 
color  of  the  light,  and  the  intensity  and 
steadiness  of  the  light.  "The  eye  ad- 
justs itself  to  various  degrees  of  light 
intensity  by  the  automatic  expansion  or 
contraction  of  the  pupil  or  opening  i)i 
the  iris  diaphragm  through  which  light 
is  admitted  to  the  eye.  Now  the  light 
which  is  active  in  causing  a  greater  or 
less  contraction  of  the  pupil  is  not 
merely  the  light  which  comes  from  the 
centre  of  the  field  of  vision,  but  the 
light  which  comes  from  the  entire  field 
of  vision.  The  light  vvhich  is  active  in 
causing  visual  perception,  however, 
comes  under  normal  conditions  entirely 
from  the  central  portion  of  the  field  of 
vision.  The  same  amount  of  light,  there- 
fore, falling  upon  and  reflected  from  the 
given  visualized  object  may  produce 
very  difterent  degrees  of  illumination 
due  to  changes  in  the  size  of  the  pupil, 
such  changes  resulting  from,  differences 
in  the  intrinsic  brilliancy  of  the  outlying 
portions  of  the  field  of  vision."  For 
example,  the  introduction  of  a  second 
light  source  into  the  field  of  vision  of  a 
reader  sitting  below  and  w'ith  his  back 
to  a  light,  screening  the  printed  page  so 
that  it  gets  no  light  from  the  new  source, 
causes  a  contraction  of  the  pupils  which 
then  admit  to  the  retinae  less  light  from 
the  printed  page ;  the  sensation  of  clear 
vision  is  more  or  less  destroyed,  though 
the  photometric  intensity  of  the  light  on 
the  printed  page  may  be  the  same  in 
both  cases.  White  or  brightly  lighted 
walls  may  have  an  effect  similar  to  that 
of  a  brilliant  light  source.  The  de- 
crease in  efficiency  from  causes  such  as 
these  is  recognized  in  the  rules  of  illu- 
minating practice,  that  light  colored 
walls  or  ceilings  should  not  be  illu- 
minated too  brilliantly  and  that  when  a 
brilliant  light  source  is  placed  so  that  it 
may  come  within  the  field  of  vision,  its 
intrinsic  brilliancy  should  be  reduced 
by  a  diffusing  shade. 
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The  color  of  the  light  which  should  be 
chosen  depends  upon  the  color  of  the 
objects  to  be  illuminated,  since  with  the 
same  intensity  when  measured  in  foot- 
candles,  lights  of  different  colors  give 
appreciably  different  illumination  values. 
For  objects  of  a  great  variety  of  color, 
the  best  light  has  the  quality  of  summer 
day-light;  for  the  illumination  of  black 
and  white  effects,  a  modified  white  light 
or  a  green  light.  As  to  the  intensity, 
it  is  a  common  fallacy  that  the  more  the 
light  the  better  the  illumination.  As  a 
matter  of  fact,  for  any  given  light  in- 
tensity in  the  outer  portions  of  the  field 
of  vision  there  is  a  corresponding  defi- 
nite intensity  of  light  for  the  central 
portions  which  will  give  the  best  con- 
ditions for  visual  perception.  Greater 
intensities,  or  a  flickering,  unsteady 
light,  will  produce  gradual  or  rapid 
fatigue  of  the  eye  functions. 

Efficiency  of  light  distribution  depends 
upon  two  very  important  factors,  the 
distribution  of  the  light  which  emanates 
from  the  illuminating  unit,  and  the  size 
of  the  unit  and  the  location  of  centers 
of  light  distribution.  When  light  falls 
upon  any  of  the  surfaces  with  which  we 
are  commonly  surrounded,  a  very  con- 
siderable percentage  of  it  is  absorbed, 
while  the  rest  is  reflected,  the  absorption 
varying  from  80  per  cent  on  white  sur- 
faces to  10  per  cent  on  dark  brown.  If 
light  is  to  be  used  efficiently,  it  must  not 
undergo  many  reflections,  losing  in  each 
as  it  does  under  average  conditions  say 
70  per  cent,  in  intensity.  Ideal  efficiency 
of  distribution  is  obtained  only  when  all 
the  rays  emitted  by  the  illuminating  unit 
proceed  directly  and  in  proper  propor- 
tion to  the  various  surfaces  to  be  il- 
luminated, whence  they  are  reflected  to 
the  receiving  eye.  These  principles  are 
well  known,  but  there  are  few  installa- 
tions in  which  the  power  consumption 
required  could  not  be  halved,  or  the 
efficiency  doubled,  by  utilization  of  the 
light  now  wasted  through  absorption. 

None  of  the  light  sources  of  them- 
selves gives  efficient  distribution,  but, 
fortunately,  it  can  be  obtainrd  by  the 
use  of  reflecting  or  refracting  shades  or 
globes.  Of  these,  prismatic  glassware 
is  much  superior  to  all  others,  particu- 
larly   when    a    strong    concentration    is 


wanted  in  one  direction  and  at  the  same 
time  a  small  amount  of  light  in  all  other 
directions.  Suitably  shaped  green- 
enameled  or  opal  glassware  gives  satis- 
factory results  for  broad  downward  dis- 
tribution of  light ;  the  etched  glass  shades 
so  frequently  used  are  inefficient.  When 
large  areas  are  to  be  illuminated  from  a 
few  light  sources,  excellent  distribution 
can  be  obtained  by  the  use  of  sand- 
blasted or  opal  globes  with  flat  conical 
reflectors  mounted  above  the  lights. 
Problems  of  light  distribution,  however, 
should  be  entrusted  only  to  a  fully  quali- 
fied illuminating  engineer. 

As  to  the  size  of  the  illuminating  unit 
and  the  location  of  distribution  centers, 
each  installation  is  so  much  a  particular 
problem  that  only  a  few  rules  of  gen- 
eral application  can  be  laid  down.  The 
centers  of  light  distribution  should  be 
located  over  the  points  on  which  a  rela- 
tively high  intensity  of  light  is  desired. 
Their  number  varies  with  the  particular 
problem,  but  it  should  be  kept  as  low  as 
possible ;  more  artistic  results  and  bet- 
ter efficiency  are  obtained  when  the  light 
comes  from  clearly  marked  sources. 
Several  smaller  illuminating  units,  pre- 
ferably three,  four  or  five,  adjacently 
located  at  the  same  center  of  distribu- 
tion give  more  efficient  efifects  than  a 
single  larger  unit.  An  illuminating  unit 
should  not  be  located  on  a  wall  bracket 
or  closely  adjacent  to  a  wall.  If  wall 
brackets  are  insisted  upon  for  their  sup- 
posed artistic  effect,  a  small  light  source 
surrounded  by  a  relatively  large  diffus- 
ing globe  should  be  used.  The  applica- 
tion of  these  rules  to  residence  lighting 
will  demonstrate  the  efficiency  of  small 
light  sources ;  in  fact,  cases  are  very  un- 
usual where  light  sources  of  more  than 
20  mean  spherical  candle  power  can  be 
used  without  sacrifice  of  efficiency. 
Light  sources  of  from  8  to  10  candle 
power  have  the  largest  application. 

The  efficiency  of  the  light  source  de- 
pends primarily  upon  a  single  factor,  the 
temperature  to  which  the  incandescent, 
light-giving  body  is  raised.  As  the 
temperature  rises,  more  waves  of  wave 
length  short  enough  to  be  capable  of 
stimulating  the  optic  nerve  are  radiated 
in  proportion  to  the  total  amount  of  radi- 
ant energy;  hence  the  efficiency  of  the 
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Table  Showing  Comparative  Efficiencies  of  Various  Electkic  Lamps. 

Mean  Watts  Amount 

Spherical  per  of  Light 

Kind  of  Lamp.                                   Candle-Power.       Candle.  per  Kw-hr. 
Common  56  watt  carbon  filament  incandescent  lamp  rated  at  3.5 

watts  per  candle,  16  horizontal  c-p 13.2  4.24  236  c-p.  hrs. 

Common  50  watt  carbon  filament  incandescent  lamp  rated  at  3.1 

watts  per  candle,  16  horizontal  c-p 13.2  3.78  264    "     " 

3-glower  264  watt  Nernst  lamp 81.0  3.26  307    "     " 

High-efficiency  Gem  125  watt  graphitized  carbon  filament  lamp  of 

50  horizontal  c-p    40.7  3.07  320    "     " 

44  watt  tantalum  lamp,  22  rated  horizontal  c-p 16.0  2.75  364    "     " 

Direct-current  5.1   ampere  enclosed  arc   on    110   volt  circuit,   0.6 

inch  carbons   213.  2.63  380    "     " 

Alternating-current   enclosed   5.7   amp.    arc   taking   388    watts  on 

110  volt  circuit,  0.5  inch  carbons 162.  2.55  392    "     " 

Tungsten  60  watt,  1.25  watts  per  candle,  110  v.  lamp 37.0  1.62  641    "     " 

Luminous  8  amp.  arc,  440  watts,  2  in  series  on  110  volt  circuit.  .1020.  0.431  2320    "     " 

light    source    increases    with    the    tern-  known  to  need  comment,  but  at  its  intro- 

perature.    "Every  body  or  material,  how-  duction    it    marked    a    tremendous    ad- 

ever,   has   its    own   fairly  well    marked  vance  in  efficiency  of  light  sources.    Now 

limiting  temperature  beyond  which  the  a  still  greater  advance  has  been  made  by 

structure  of  the  body  rapidly  deterior-  the  development  of  methods  of  prepara- 

ates.    Carbon,  for  instance,  when  heated  tion  of  various  metals,  of  which  tungsten 

in  vacuum,  throws  off  minute  particles  stands  first,   for  use  as  the  filament  of 

very  rapidly  at  temperatures  above  i,8oo  the  incandescent   lamp.     Tungsten  may 

degrees     C.       This,     therefore,     is     the  be  raised  in  vacuum  to  a  temperature  of 

temperature   which   limits   the   efficiency  at  least  2,300  degrees  C.  without  the  oc- 

of  the  carbon  incandescent  lamp.     For-  currence  of  rapid  deterioration.   This  in- 

tunately,  in  the  case  of  both  gas  and  in-  crease  in  temperature  from  1,800  to  2,300 

candescent  lamp  light  sources,  materials  degrees    C.    represents    an    increase    in 

have  been   found   which  will   withstand  efficiency  of  250  per  cent."     In  the  table 

high    temperatures    without    rapid    de-  given   above   the   comparative   efficiency 

terioration.     The  gas  mantle  is  too  well  of  the  tungsten  lamp  is  shown. 


THE   TRANSANDINE   RAILWAY. 

A   REVIEW   OF  THE   HISTORY  OF  THE  PROJECT  AND  RECENT   PROGRESS  IN    CONSTRUCTION. 

Bulletin  of  the  International  Bureau  of  American  Republics. 


AP'TER  a  lapse  of  nearly  fifty  years 
since  the  establishment  of  direct 
rail  communication  between  Bue- 
nos Aires  and  Valparaiso  was  first  pro- 
posed, the  Transandine  Railway  is  now 
rapidly  nearing  completion  and  will  be 
opened  for  through  passenger  and 
freight  service  not  later  than  the  spring 
of  191 1.  An  interesting  outline  of  the 
history  of  the  project  in  the  March 
Bulletin  of  the  International  Bureau  of 
American  Republics,  from  which  the  in- 
formation contained  in  this  review  is 
taken,  reports  that  the  heaviest  single 
portion  of  the  work,  the  piercing  of  the 
Cumbre  or  Uspallata  Pass  by  a  tunnel 
9,Q4i  feet  in  length,  has  now  progressed 
so  far  that  a  penetration  on  the  Chilean 
side  of  2,848  feet,  and  on  the  Argentine 
side  of  1,791  feet,  has  already  been  ac- 
complished, leaving  little  more  than  one- 
half  the  total  distance  still  to  be  bored. 
During  1908  the  second  section  on  the 


Chilean  side  was  opened  to  Portillo, 
ii  1-2  miles  nearer  the  Argentine  fron- 
tier. Including  the  short  stage  haul 
over  the  Pass,  the  journey  from  Buenos 
Aires  to  Valparaiso  is  now  made  in 
about  38  hours.  The  gross  traffic  re- 
ceipts last  year  were  $291,765,  an  in- 
crease of  35  per  cent  over  the  preceding 
year;  the  number  of  passengers  carried 
increased  46,145,  to  300,145. 

What  is  generally  known  as  the  Trans- 
andine Railway  forms  the  connecting 
link  between  two  other  lines,  the  Buenos 
Aires  and  Pacific  and  the  Argentine 
Great  Western,  the  whole  system  be- 
tween Buenos  Aires  and  Valparaiso 
being  888  miles  long.  The  line  traverses 
the  extensive  wheat  fields  of  the  Argen- 
tine pampas,  the  thriving  vineyards  and 
orchards  of  western  Argentina,  and, 
after  crossing  the  Andes,  the  fertile 
valleys  of  Chile.  The  road  when  com- 
pleted will  be  of  the  greatest  practical 
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utility.  Ultimately  the  time  required 
for  the  journey  between  Buenos  Aires 
and  Valparaiso  will  be  reduced  to  29 
hours;  transportation  by  steamer,  via 
the  Strait  of  Magellan,  now  occupies  ten 
days.  The  improvement  of  facilities  for 
overland  domestic  communication,  how- 
ever,-is  not  the  greatest  benefit  wh'ch  the 
opening  of  the  railway  will  confer  on 
Chile  and  Argentina.  The  improvement 
of  their  foreign  relations  is  of  far  great- 
er importance. 

The  project  has  had  an  interesting 
history.  It  had  its  inception  as  early  as 
i860  when  William  Wheelwright  read 
before  the  Royal  Geographical  Society  a 
paper  showing  the  practicability  of  a 
transandean  railway  from  Rosario,  Ar- 
gentina, 189  miles  up  the  Parana  River 
from  Buenos  Aires,  over  the  pass  of  San 
Francisco  to  Galdera,  Chile.  Thirteen 
years  later,  in  1873,  the  first  practical 
steps  for  connecting  Buenos  Aires  and 
Valparaiso  were  taken  when  the  Clark 
brothers,  John  and  Matthew,  obtained  a 
concession  from  the  Argentine  govern- 
ment for  the  construction  of  a  railway 
from  Buenos  Aires  across  the  Republic 
as  far  as  the  Chilean  frontier.  The  rou^^e 
to  be  selected  was  a  matter  of  much  con- 
troversy, but  as  Valparaiso  was  decided 
upon  as  the  final  objective  point,  a  line 
giving  the  shortest  possible  connection 
between  Buenos  Aires  and  Valparaiso 
consistent  with  sound  engineering  was 
chosen.  These  cities  lie  practically  in  the 
same  latitude,  so  the  line  runs  practically 
due  east  and  west.  The  plan  was  to 
build  113  miles  beyond  Mendoza,  a  city 
2,359  f^^t  above  sea  level  at  the  foot  of 
the  eastern  slope  of  the  Andes,  to  the 
summit  of  the  Cumbre  Pass,  at  an  eleva- 
tion of  12,605  feet,  where  operations  on 
the  Argentine  side  would  cease.  It  was 
expected  that  the  government  of  Chile 
would  co-operate  in  the  construction  of 
the  transandine  railway  by  causing  oper- 
ations to  be  commenced  on  the  Chilean 
side  at  the  town  of  Santa  Rosa  de  los 
Andes,,  a  point  2,625  feet  above  the  Pa- 
cific, the  terminus  of  the  existing  Chilean 
railway.  From  Santa  Rosa  the  distance 
to  the  end  of  the  proposed  Argentine 
section  was  only  47  miles,  but  the  route 
offered  heavy  engineering  difficulties. 

For  seven  years  financial  and  political 


complications  hampered  the  work.  The 
first  link  in  the  transcontinental  system 
was  the  section  built  by  the  Argentine 
government  in  1880  from  Villa  Mercedes 
to  Mendoza,  a  distance  of  222  miles,  and 
called  the  Argentine  Great  Western.  In 
1883  the  Clark  brothers  built  the  section 
428  miles  long  between  Buenos  Aires 
and  Villa  Mercedes.  Subsequently  the 
Clark  brothers'  interest  in  these  two  lines 
was  acquired  by  the  Buenos  Aires  and 
Valparaiso  Transandine  Railway  Corpo- 
ration of  London,  which  was  granted  a 
concession  and  subsidy  in  1886  for  the 
construction  of  the  section  from  Men- 
doza to  the  Chilean  frontier.  For  the 
transandine  section,  r.ietre  gauge  was 
adopted.  Though  the  distance  between 
Mendoza  and  Santa  Rosa  on  the  Chilean 
side  was  only  160  miles,  work  progressed 
so  slowly  that  in  1903  a  gap  of  45  miles 
still  remained  over  which  the  railway 
was  yet  to  be  constructed.  This  section 
offered  the  greatest  engineering  difficul- 
ties of  the  whole  line. 

For  several  years  the  construction 
work  on  the  Chilean  side  was  under  the 
superintendence  of  the  Clark  brothers. 
Lack  of  the  necessary  capital,  however, 
led  to  a  judicial  sale  cf  the  property  in 
1900  and  its  subsequent  acquisition  by 
the  Chilean  government.  A  law  was  en- 
acted in  February,  1903,  empowering  the 
President  of  Chile  to  contract  by  public 
tender  for  the  construction  of  a  metre- 
gauge  railway  from  the  city  of  Santa 
Rosa  to  the  summit  of  the  Cumbre  Pass, 
there  to  connect  with  the  railway  under 
construction  on  the  Argentine  side.  The 
government  of  Chile  guaranteed  for  the 
term  of  twenty  years  5  per  cent  interest 
on  a  sum  not  to  exceed  $7,209,750,  to  be 
paid  in  three  instalments,  on  the  comple- 
tion and  equipment  with  the  necessary 
rolling  stock  of  three  sections  of  the  line, 
from  Santa  Rosa  to  Juncal,  from  Juncal 
to  Portillo,  and  from  Portilla  to  the  junc- 
tion with  the  Argentine  line.  On  De- 
cember 15,  1903,  the  contract  was  award- 
ed to  the  firm  of  W.  R.  Grace  &  Co.,  of 
New  York  and  London,  the  amount  of 
the  guaranty  granted  being  $6,569,775. 

From  this  date  the  progress  of  the 
Transandine  Railway  was  accelerated. 
On  June  30,  1906,  the  first  section  of  the 
line   on   the   Chilean   side,   from   Santa 
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Rosa  to  Jiincal,  a  distance  of  32  miles, 
was  accepted  and  taken  over  from  the 
contractors  by  the  government.  Work  on 
the  second  section,  from  Juncal  to  Por- 
tillo,  was  approaching  completion  by  the 
summer  of  1908,  and  it  was  then  esti- 
mated   that    the    third    Chilean    section, 


from  Portillo  to  the  junction  with  the 
Argentine  line,  would  be  completed  by 
June,  1910.  According  to  the  latest  au- 
thentic information,  the  entire  Trans- 
andine  Railway  system  is  expected  to 
be  completed  and  open  to  through  public 
traffic  not  later  than  March,  1911. 


IMPROVEMENTS    IN   STEEL   RAILS. 

THE  EXPERIENCE  OF  THE  NEW  YORK  CENTRAL   LINES    IN    THE    USE   OF  FERRO-TITANIUM. 

The  Iron  Age. 


IN  a  review  in  these  columns  last 
month,  some  reference  was  made  to 
the  effect  of  titanium  on  rail  steel 
and  the  extent  to  which  its  use  has  been 
developed  during  the  past  two  years  in 
the  United  States.  The  New  York  Cen- 
tral Lines  have  gone  most  extensively 
into  the  development  of  the  ferro-titan- 
ium  rail,  under  the  direction  of  Dr.  P.  H. 
Dudley.  A  considerable  mileage  of  the 
New  York  Central  tracks  lies  in  higher 
latitudes,  where  the  temperature  falls 
at  intervals  in  the  winter  to  30  to  40 
degrees  below  zero,  and  in  recent  win- 
ters rail  breakages  in  these  districts  were 
frequent.  For  the  past  two  years  the 
management  have  devoted  every  pos- 
sible effort  to  ending  these  rail  failures 
by  the  development  of  a  rail  steel  which 
should  be  absolutely  safe  in  the  track 
and  at  the  same  time  resist  wear.  The 
success  they  have  attained  is  described 
in  The  Iron  Age  for  March  25. 

In  the  recent  specifications  there  has 
been  some  reduction  in  the  permissible 
percentage  of  carbon.  Formerly  0.55  to 
0.65  per  cent,  was  specified  for  100- 
pound  rails  containing  a  maximum  of 
0.06  per  cent,  phosphorus.  The  present 
carbon  maximum  is  0.55  per  cent,  for 
100-pound  rails,  0.53  per  cent,  for  80- 
pound  rails,  and  0.50  per  cent,  for  75- 
pound  rails.  Certain  new  regulations 
have  been  made  also  in  rolling:  not  more 
than  three  100-pound,  33-foot  rails  are 
to  be  rolled  from  an  ingot,  and  of  80- 
pound  rails,  not  more  than  four.  Short, 
stubby  ingots  are  preferred;  in  no  case 
must  the  length  exceed  three  times  the 
larger  dimension  of  the  base,  the  ingots 
usually  dealt  with  being  19  inches  square. 

The  manufacture  of  ferro-titanium 
rails  has  been  carried  on  principally  at 


the  Lackawanna  Steel  Company's  works 
at  South  Buffalo.  "It  is  probably  more 
correct  to  speak  of  these  rails  as  rails 
made  by  a  process  involving  the  addition 
of  ferro-titanium  to  the  molten  metal, 
since  titanium  may  or  may  not  be  found 
in  the  rolled  product.  In  general  it 
passes  off  in  the  slag,  whereas  in  the 
case  of  nickel  steel  rails  or  manganese 
rails,  for  example,  the  alloy  produces  its 
effect  by  remaining  in  the  steel.  For 
the  electric  division  of  the  New  York 
Central,  extending  from  New  York  City 
to  Mt.  Vernon,  5,000  tons  have  already 
been  delivered.  For  the  Boston  &  Albany 
7,000  tons  have  been  ordered  and  a  por- 
tion of  the  order  has  been  delivered. 
For  curves  on  the  Pennsylvania  Division 
2,400  tons  have  been  ordered.  Some  of 
the  titanium  rails  laid  on  the  electric 
division  were  put  into  a  crossover  at 
Fifty-sixth  street.  Grand  Central  Sta- 
tion, New  York,  which  is  the  equivalent 
of  a  10  degree  curve.  In  six  months  the 
titanium  rails  have  lost  from  flange  wear 
less  than  one-third  of  the  amount  of 
wear  occurring  in  four  months  with  the 
ordinary  1907  rails  which  preceded  them. 
The  chemical  composition  of  both  rails 
was  as  follows :  Carbon,  0.45  per  cent. ; 
manganese,  0.96  per  cent.;  silicon,  0.13 
per  cent. ;  phosphorus,  0.095  per  cent. 
The  ingots  from  which  the  rails  were 
rolled  were  sound,  without  blowholes  or 
decided  segregation. 

"The  use  of  titanium  alloy,  it  is  found, 
has  added  to  the  soundness  of  the  ingots 
and  the  homogenity  of  the  metal,  largely 
eliminating  blowholes.  It  has  added  to 
the  wearing  qualities  of  the  steel,  bein^^ 
particularly  of  service  in  the  case  of 
Bessemer  metal  of  as  high  as  p.io  per 
cent,   phosphorus,   in  which   the   carbon 
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must  be  kept  down.  Thus  with  titanium 
the  prime  requisite  of  safety  is  secured 
and  also  a  much  greater  resistance  to 
wear  than  is  found  in  the  plain  rail. 

''The  increase  in  the  cost  of  ferro- 
titanium  rails  naturally  depends  on  the 
amount  of  the  alloy  added.  The  addition 
of  crushed  ferro-titanium  is  made  in  the 
ladle  as  the  steel  is  poured  from  the  con- 
verter. The  percentages  used  have 
varied.  Some  of  the  rails  already  laid 
are  from  steel  to  which  an  addition  of 
75  pounds  of  ferro-titanium  of  a  lo  per 
cent,  alloy  was  made  for  8.8  tons  of  steel, 
and  in  some  cases  a  less  percentage  of 
ferro-titanium  was  used.  By  the  above 
additions  of  ferro-titanium  and  a  9  per 
cent,  crop  satisfactory  wearing  quality 
has  been  secured  in  addition  to  the  neces- 
sary ductility  to  insure  against  break- 
ages. Such  an  addition  of  the  alloy  and 
the  extra  time  called  for  in  the  Bessemer 
department  by  the  requirement  that  heats 
be  held  after  the  addition  of  the  alloy, 
would  mean  an  additional  cost  of  about 
$2  a  ton  for  ferro-titanium  rails. 

"As  has  been  indicated  by  the  papers 
presented  by  Dr.  Dudley  before  various 
associations,  the  New  York  Central  & 
Hudson  River  Railroad  has  been  ac- 
cumulating valuable  data  relating  to  rail 
wear  and  rail  failures  over  a  period  of 
years.  It  was  the  practice  in  the  manu- 
facture of  rails  at  Bethlehem  and  Scran- 
ton,  Pa.,  in  1 89 1  to  1898  for  the  New 
York  Central  Lines  to  require  as  low 
as  0.06  per  cent,  phosphorus,  while  car- 
bon ranged  from  0.55  to  0.65  per  cent, 
for  80  and  100  lb.  rails.  These  were  all 
made  from  Bessemer  steel  and  the  heats 
were  held  after  recarburizing  to  permit 
of  the  completion  of  the  chemical  re- 
actions and  the  escape  of  the  deoxidation 
products.  The  heats  also  were  poled 
with  a  green  wood  pole  to  induce  a  vio- 
lent agitation.  The  ingots  were  teemed 
with  15^-inch  nozzles  in  pits  and  after 
stripping  were  thrown  down  in  horizon- 
tal position  in  the  pit,  being  then  picked 
up  by  cranes,  laid  horizontally  on  cars 
and  charged  into  horizontal  heating  fur- 
naces. Throwing  ingots  down  and 
charging  into  horizontal  furnaces  is,  of 
course,  not  now  considered  the  best 
practice,  yet  it  has  been  found  that  after 
the  long  service  of  the  rails  produced  in 


the  period  mentioned  but  few  split  heads  1 
have  developed.  Of  the  rails  made  at  ■ 
Scranton,  covering  more  than  500,000 
tons,  not  more  than  25  split  heads  have 
been  found  in  New  York  Central  sec- 
tions of  80  to  lOO-pound  rails.  A  few 
more  failures  from  split  heads  have 
occurred  on  the  Boston  &  Albany,  but  in 
many  of  these  cases  the  split  was  due 
to  the  fact  that  the  short  20-inch  splice 
bars  had  become  worn  and  permitted  in- 
creased shocks  at  the  ends  of  the  rails. 

"The  recent  or   1908  practice  of  the 
New  York  Central  Lines  has  been  a  re- 
turn   to    the    earlier    Bessemer    practice 
which  yielded  such  satisfactory  results. 
The    slower    pouring    secured    by    the 
smaller  nozzle  is  one  feature,  the  i^- 
inch   nozzle   being   required,   as   against 
the  2^ -inch  size  commonly  used.    The 
holding  of  the  metal   in   the   converter 
after  the  recarburizing  additions  is  also 
required;  but  where  the  recarburizer  is 
added  in  the  ladle  the  metal  is  held  in 
the  ladle  for  the  completion  of  the  re- 
actions.    It  seems  to  be  the  purpose  of 
the  New  York  Central  to  return  to  such 
of  the  mill  methods  followed  in  the  90's 
as  have  been  found  to  contribute  to  the 
production    of    more    satisfactory    rails. 
It  is  recognized  that  the  limited  supply 
of  low  phosphorus  ores  compels  the  ac- 
ceptance of  practically  o.io  per  cent,  in 
phosphorus   and   therefore    that   a   con- 
siderable  reduction   in   carbon   must   be 
made    to    insure    against    breakages    in 
track.     It   is   stated  that  out   of  80,000 
tons  of  rails  laid  in   1908,  the  first  of 
these  going  into  track  in  the  late  spring, 
while  most  of  the  remainder  were  laid 
before   August,   only    four  broken   rails 
have  been  removed  in  the  last  winter.    It 
is  true  the  winter  of  1908-1909  has  been 
exceptionally  mild;  but  even  so,  some  ol 
the  districts  traversed  by  the  New  York 
Central  Lines  have  had  temperatures  in 
the   past   winter   continuing  well   below 
zero  for  several  days. 

"The  small  percentages  of  seconds 
turned  out  at  the  Buffalo  mill,  where  a 
considerable  portion  of  the  New  York 
Central  tonnage  has  been  rolled  in  the 
past  year,  particularly  the  ferro-titanium 
rails,  is  worthy  of  note.  On  one  recent 
day  when  working  on  ferro-titanium  rails 
the    seconds    amounted    to    but   0.6   per 
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cent.,  and  on  another  day  to  0.8  per  cent., 
whereas  in  the  case  of  rails  made  accord- 
ing to  the  generally  accepted  specifica- 
tion, 2  to  3  per  cent,  of  seconds  repre- 
sents excellent  practice,  and  considerably 
higher  percentages  are  not  unusual.  It 
can  be  understood  that  such  satisfactory 
results  have  been  secured  only  by  the 
co-operation  of  the  mills  and  the  rail- 
road company.  The  latter  has  freely 
given  the  mills  the  benefit  of  its  experi- 


ence and  all  the  data  it  has  accumulated. 
On  the  other  hand  it  stands  ready  to 
change  its  specifications  so  as  to  avail 
itself  of  any  advanced  practice  that  may 
be  developed  by  the  mills.  It  has  placed 
some  orders  for  open  hearth  rails  and 
is  noting  carefully  the  results  secured 
with  such  rails  in  track.  It  is  also  inter- 
ested in  what  may  develop  from  the  use 
of  the  electric  furnace  for  the  purifica- 
tion of  rail  steel." 


THE    PRINCIPLES   OF   SMOKE    PREVENTION. 

A  REPORT  OF  INVESTIGATIONS  IN  THE  GOVERNMENT  TESTING    PLANT   AND   IN    INDUSTRIAL 

ESTABLISHMENTS. 

D.  T.  Randall  and  H.  W.  Weeks — United  States  Geological  Survey. 


A  BULLETIN  on  the  smokeless 
combustion  of  coal  in  boiler 
plants  has  recently  been  issued  by 
the  Technologic  Branch  of  the  United 
States  Geological  Survey,  which  gives  in 
detail  a  study  of  the  conditions  found  in 
industrial  establishments  in  thirteen  of 
the  largest  cities  in  eastern  and  central 
United  States.  Of  the  500  plants  in- 
spected, sufficient  data  was  collected 
from  284  to  be  of  value  for  the  report. 
In  addition  to  these  investigations,  the 
bulletin  records  the  results  of  extended 
tests  to  determine  the  conditions  neces- 
sary for  the  smokeless  combustion  of 
bituminous  coal  in  boiler  plants.  It  is 
shown  not  only  that  bituminous  coals 
high  in  volatile  matter  can  be  burned 
without  smoke,  but  also  that  large  plants 
carrying  widely  fluctuating  loads,  where 
boilers  over  banked  fires  must  be  put 
into  service  quickly  and  fires  forced  to 
the  capacity  of  their  units,  can  be 
operated  without  producing  smoke  that 
is  objectionable.  Proper  equipment, 
efficient  labor,  and  intelligent  super- 
vision are  the  necessary  factors.  The 
conclusions  drawn  by  Messrs.  Randall 
and  Weeks,  who  prepared  the  bulletin, 
form  a  very  clear  and  comprehensive 
summary  of  the  principles  of  smoke  pre- 
vention. They  are  presented  below  as 
an  interesting  amplification  of  Mr.  Goes' 
article  on  the  same  subject  on  another 
page  of  this  number. 

Smoke  prevention  is  possible.  There 
are  many  types  of  furnaces  and  stokers 
that   are   operated   smokelessly.     Gredit 


is  to  be  given  to  any  one  kind  of  appa- 
ratus only  in  so  far  as  the  manufacturers 
require  that  it  shall  be  so  set  under 
boilers  that  the  principles  of  combustion 
are  respected.  The  value  of  this  re- 
quirement to  the  average  purchaser  lies 
in  the  fact  that  he  is  thus  reasonably  cer- 
tain of  good  installation.  A  good  stoker 
or  furnace  poorly  set  is  of  less  value 
than  a  poor  stoker  or  furnace  well  set. 
Good  installation  of  furnace  equipment 
is  necessary  for  smoke  prevention. 

Stokers  or  furnaces  must  be  set  so 
that  combustion  will  be  complete  before 
the  gases  strike  the  heating  surface  of 
the  boiler.  When  partly  burned  gases 
at  a  temperature  of,  say,  2,500  degrees 
F.,  strike  the  tubes  of  a  boiler  at,  say, 
350  degrees  F.,  combustion  is  necessarily 
hindered  and  may  be  entirely  arrested. 
:  The  length  of  time  required  for  the  gases 
(  to  pass  from  the  coal  to  the  heating  sur- 
face probably  averages  considerably  less 
than  one  second,  a  fact  which  shows 
that  the  gases  and  air  must  be  intimately 
mixed  when  large  volumes  of  gas  are 
distilled,  as  at  times  of  hand  firing,  or 
the  gas  must  be  distilled  uniformly,  as  in 
a  mechanical  stoker.  By  adding  mixing 
structures  to  a  mechanical  stoker  equip- 
ment both  the  amount  of  air  required  for 
combustion  and  the  distance  from  the 
grptes  to  the  heating  surface  may  be 
reduced  for  the  same  capacity  developed. 
The  necessary  air  supply  can  also  be 
reduced  by  increasing  the  rate  of  com- 
bustion. No  one  type  c^  stokci  is 
equally  valuable  for  burning  all  kinds  of 
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coal.  The  plant  which  has  an  equipment 
properly  designed  to  burn  the  cheapest 
coal  available  will  evaporate  water  at 
the  least  cost. 

Although  hand-fired  furnaces  can  be 
operated  without  objectionable  smoke, 
the  fireman  is  so  variable  a  factor  that 
the  ultimate  solution  of  the  problem  de- 
pends on  the  mechanical  stoker — in 
other  words,  the  personal  element  must 
be  eliminated.  There  is  no  hand-fired 
furnace  from  which,  under  average  con- 
ditions, as  good  results  can  be  obtained 
as  from  many  different  patterns  of  me- 
chanical stoker;  and  of  two  equipments 
the  one  which  will  require  the  less  atten- 
tion from  the  fireman  gives  the  better 
results.  The  most  economical  hand-fired 
plants  are  those  that  approach  most 
nearly  to  the  continuous  feed  of  the  me- 
chanical stoker.  The  small  plant  is  no 
longer  dependent  on  hand-fired  furnaces, 
as  certain  types  of  mechanical  stokers 
can  be  installed  under  a  guarantee  of 
high  economy,  with  reduction  of  labor 
for  the  fireman.  In  short,  smoke  pre- 
vention is  both  possible  and  economical. 

During  1904  to  1906  coals  from  all 
parts  of  the  United  States  were  bu*-ned 
at  the  Government  Fuel  Testing  Plant  at 
St.  Louis,  in  furnaces  which  were  in  the 
main  of  the  same  design.  Most  of  the 
tests  were  made  on  a  hand-fired  furnace 
under  a  Heine  water-tube  boiler.  The 
lower  row  of  tubes  of  the  boiler  sup- 
ported a  tile  roof  for  the  furnace,  giving 
the  gas  from  the  coal  a  travel  of  about 
twelve  feet  before  coming  into  contact 
with  the  boiler  surface.  This  furnace  is 
more  favorable  to  complete  combustion 
than  those  installed  in  (he  average  plant. 
A  number  of  coals  were  burned  in  this 
furnace  with  little  or  no  smoke,  but 
many  coals  could  not  be  burned  without 
making  smoke  that  would  violate  a  rea- 
sonable city  ordinance  when  the  boiler 
was  run  at  or  above  its  rated  capacity. 

In  1907,  the  steaming  section  of  the 
St.  Louis  plant  was  moved  to  Norfolk. 
Va.,  where  subsequent  tests  of  this  na- 
ture were  made.  The  plant  at  Norfolk 
was  equipped  with  two  furnaces — one 
fired  by  hand  and  the  othep  by  a  me- 
chanical stoker.  In  the  course  of  the 
steaming  tests  some  special  smoke  tests 
were  made  and  the  influence  of  various 


features  in  smoke  production  was  noted. 
As  the  tests  were  made  as  far  as  possible 
under  standard  conditions  with  a  mini- 
mum variation  in  boiler  room  labor  the 
results  bring  out  the  importance  of  other 
factors  such  as  character  of  fuel  and 
furnace  design. 

A  brief  summary  of  the  general  con- 
clusions is  as  follows: 

A  well-designed  and  operated  furnace 
will  burn  many  coals  without  smoke  up 
to  a  certain  number  of  pounds  per  hour, 
the  rate  varying  with  different  coals,  de- 
pending on  their  chemical  composition. 
If  more  than  this  amount  is  burned,  the 
efficiency  will  decrease  and  smoke  will  be 
made,  owing  to  the  lack  of  furnace  ca- 
pacity to  supply  air  and  mix  gases. 

High  volatile  matter  in  the  coal  gives 
low  efficiency  and  vice  \^rsa.  The  high- 
est efficiency  was  obtained  when  the  fur- 
nace was  run  at  low  capacity.  Forcing 
the  furnace  decreased  the  efficiency. 

With  a  hand-fired  furnace  the  best  re- 
sults were  obtained  when  firing  was  done 
most  frequently,  with  the  smallest 
charge. 

Small  sizes  of  coal  burned  with  less 
smoke  than  large  sizes,  but  developed 
lower  capacities. 

Peat,  lignite,  and  sub-bituminous  coal 
burned  readily  in  the  type,  of  tile-roofed 
furnace  used  and  developed  the  rated 
capacity  with  practically  no  smoke. 

Coals  which  smoked  badly  gave  effi- 
ciencies 3  to  5  per  cent  lower  than  the 
coals  burning  with  little  smoke. 

Briquets  were  found  to  be  an  excel- 
lent form  for  using  slack  coal  in  a  hand- 
fired  plant.  They  can  be  burned  at  a 
fairly  rapid  rate  of  combustion  with 
good  efficiency  and  with  practically  no 
smoke.  High-volatile  coals  are  perhaps 
as  valuable  when  briquetted  as  low-vola- 
tile coals. 

A  comparison  of  tests  on  the  same 
coal  washed  and  unwashed  showed  that 
under  the  same  conditions  the  washed 
coal  burned  much  more  rapidly  than  the 
raw  coal,  thus  developing  high  rated 
capacities.  In  the  average  hand-fired 
furnace  washed  coal  burns  with  lower 
efficiency  and  makes  more  smoke  than 
raw  coal.  Washed  coal  offers  a  means 
of  running  at  high  capacity,  with  good 
efficiency,  in  a  well-designed  furnace. 
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Forced  draft  did  not  burn  coal  any 
more  efficiently  than  natural  draft.  It 
supplied  enough  air  for  high  rates  for 
combustion,  but  as  the  capacity  of  the 
boiler  increased  the  efficiency  decreased 
and  the  percentage  of  black  smoke  in- 
creased. 

Most  coals  that  do  not  clinker  exces- 
sively can  be  burned  with  i  to  5  per  cent 
greater  efficiency  and  with  a  smaller 
percentage  of  black  smoke  on  a  rocking 
grate  than  on  a  flat  grate. 

Air  admitted  freely  at  firing  and  for 
a  short  period  thereafter  increases  effi- 
ciency and  reduces  smoke. 

As  the  CO  in  the  fuel  increases  the 
black  smoke  increases;  the  percentage 
of  CO  in  the  flue  gas  is  therefore,  in  gen- 
eral, a  good  guide  to  efficient  operation. 
However,  owing  to  the  difficulty  of  de- 
termining this  factor,  combustion  can- 
not be  regulated  by  it. 

The  simplest  guide  to  good  operation 
is  pounds  of  coal  burned  per  square  foot 
of  grate  surface  per  hour. 

The  total  number  of  steam  plants  hav- 
ing boilers  fired  by  hand  is  far  greater 
than  the  total  of  plants  with  mechanical 
stokers,  but  if  the  comparison  is  based 
on  total  horse  power  developed  the  fig- 
ures show  less  difiference.  Particularly 
is  this  true  in  sections  of  the  Central 
West,  where  mechanical  stokers  are  gen- 
erally used  at  large  plants.  As  a  general 
rule,  hand-fired  plants  do  not  have 
proper  furnaces,  and  methods  of  opera- 
tion are  far  from  conducive  to  good 
combustion.  Coal  is  usually  fired  in  large 
quantities,  and  little  opportunity  is  given 
for  the  air  and  gases  to  mix  before  the 
heating  surface  is  reached  and  combus- 
tion is  arrested.  In  all  the  hand-fired 
plants  visited  success  in  smoke  pre- 
vention has  been  obtained  chiefly  by  care- 
ful firing.  The  coal  was  thrown  on  often 
in  small  quantities ;  the  fire  was  kept 
clean,  enough  ash  to  prevent  the  pas- 
sage of  air  through  the  fire  never  being 
allowed  to  collect  on  the  grate ;  and  more 
air  was  supplied  at  firing  than  after  the 
volatile  matter  had  been  distilled.  Even 
with  such  precautions  the  plants  might 
have  made  objectionable  smoke  at  times 
but  for  the  fact  that  usually  means  were 
employed  for  mixing  the  gases  and  air 
before  they  reached  the  heating  surface. 


Some  general  conclusions  from  the 
facts  set  forth  in  the  bulletin  are  as  fol- 
lows: 

The  flame  and  the  distilled  gases 
shoulfl  not  be  allowed  to  come  mto  con- 
tact with  the  boiler  surfaces  until  com- 
bustion  is  complete. 

Fire-brick  furnaces  of  sufficient  length 
and  a  continuous  or  nearly  continuous 
supply  of  coal  and  air  to  the  fire  make  it 
possible  to  burn  most  coals  efficiently  and 
without  smoke. 

Coal  containing  a  large  percentage  of 
tar  and  heavy  hydro-carbons  are  diffi- 
cult to  burn  without  smoke  and  require 
special  furnaces  and  more  than  ordinary 
care  in  firing. 

Briquets  are  suitable  for  use  under 
power-plant  conditions  when  burned  in 
a  reasonably  good  furnace  at  the  tem- 
perature at  which  such  furnaces  are  usu- 
ally operated.  In  such  furnaces  briquets 
generally  give  better  results  than  the 
same  coal  burned  raw. 

In  ordinary  boiler  furnaces  only  coals 
high  in  fixed  carbon  can  be  burned  with- 
out smoke,  except  by  expert  firemen 
using  more  than  ordinary  care  in  firing. 

Combinations  of  boiler-room  equip- 
ment suitable  for  nearly  all  power-plant 
conditions  can  be  selected,  and  can  be 
operated  without  objectionable  smoke 
when  reasonable  care  is  exercised. 

Of  the  existing  plants  some  can  be 
remodeled  to  advantage.  Others  can  not, 
but  must  continue  to  burn  coals  with 
inefficient  results,  accompanied  by  more 
or  less  annoyances  from  smoke.  In  these 
cases  a  new,  well-designed  plant  is  the 
only  solution  of  the  difficulty. 

Large  plants  are  for  obvious  reasons 
usually  operated  more  economically  than 
small  ones,  and  the  increasing  growth 
of  central  plants  offers  a  solution  of  the 
problems  of  procuring  heat  and  power 
at  a  reasonable  price  and  without  annoy- 
ance  from  smoke. 

The  increasing  use  of  coke  from  by- 
product coke  plants  in  sections  where 
soft  coal  was  previously  used,  the  use 
of  gas  for  domestic  purposes,  and  the 
purchase  of  heat  from  a  central  plant  in 
business  and  residence  sections  all  have 
their  influence  in  the  solution  of  the 
snioke-prcvention  problem,  m  making 
possible  a  clean  and  comfortable  city. 


A   NEW   AUTOGENOUS   WELDING  LPROCESS. 


THE    PROPERTIES   OF    LIQUID    GAS,    A    SUBSTITUTE  FOR   HYDROGEN   AND  ACETYLENE. 

E.  F,  Lake — American  Machinist, 


ANEW  "autogenous"  process  for 
the  welding  and  cutting  of 
metals  has  recently  been  in- 
vented by  M.  M.  Wolf,  of  Busseldorf, 
Switzerland,  which  substitutes  for  the 
hydrogen  and  acetylene  commonly  used 
for  these  purposes  a  liquid  gas  obtained 
from  the  distillation  of  heavy  oils,  par- 
affin oils,  crude  petroleum  and  other  ma- 
terials of  a  similar  character.  The  proc- 
esses of  distillation  and  cleaning  are  the 
same  as  those  used  in  the  manufacture 
of  any  of  the  oil  gases.  To  these  M. 
Wolf  has  added  a  special  process  which, 
by  the  use  of  cold  and  pressure,  sepa- 
rates the  difficultly  liquifiable  gases,  hy- 
drogen, methane,  etc._,  from  the  more 
easily  liquified  ethane,  propane,  pentane, 
etc.  After  the  gas  has  passed  through 
this  process  it  is  charged  into  steel  bot- 
tles at  a  pressure  of  from  1,200  to  1,500 
pounds  per  square  inch.  This  trans- 
forms it  into  a  liquid,  but  when  the  high 
pressure  is  removed  it  immediately  gasi- 
fies, and  at  the  ordinary  pressure  of  the 
atmosphere  it  is  a  dry  inflammable  gas. 
The  following  account  of  its  properties 
is  taken  from  an  article  by  E.  F.  Lake 
in  The  American  Machinist  for  April  22. 
Liquid  gas  contains  none  of  the  pois- 
onous hydro-carbons.  It  consists  prin- 
cipally of  ethylene  and  ethane,  with  small 
quantities  of  methane,  benzol,  air  and 
carbon  dioxide.  It  is  explosive  only  in 
mixtures  containing  from  4  to  8  per  cent 
of  gas,  a  range  of  4  per  cent;  hence 
it  is  much  less  likely  to  explode  than  city 
gas  or  acetylene.  The  danger  of  explo- 
sion is  still  farther  reduced  by  the  fact 
that  it  is  1.027  times  as  heavy  as  air  and 
mixes  with  the  latter  with  difficulty.  A 
hotter  flame  can  be  produced  by  com- 
bining liquid  gas  with  oxygen  in  a  torch 
than  by  any  of  the  other  known  gases. 
The  temperature  of  the  oxy-liquid  gas 
flame  is  7,000  degrees  F.,  while  the  oxy- 
acetylene  flame  gives  6,300  degrees  and 
the  oxy-hydrogen  flame  b':t  4,800  de- 
grees. The  liquid  gas  contains  2,500 
thermal  units  more  per  cubic  metre  than 
acetylene.    It  bums  with  a  short,  pointed 


flame  with  a  cone  shaped  centre,  like  the 
oxy-acetylene  flame.  Liquid  gas  is  bought 
from  the  manufacturer  in  bottles  at  a 
cost  which  about  equals  that  of  coal  gas 
at  $1   per  thousand  cubic  feet. 

When  the  gas  is  to  be  used  for  weld- 
ing, it  is  allowed  to  flow  from  the  steel 
bottle  into  an  expansion  tank  until  any 
desired  pressure  up  to  60  pounds  per 
square  inch  is  reached.  At  this  point  the 
pressure  is  released  by  a  safety  valve. 
The  tank  is  provided  with  an  automatic 
pressure  regulator  and  a  pressure  indi- 
cator. The  torch  is  much  simpler  than 
that  used  for  oxy-acetylene  welding, 
since  the  very  low  explosive  properties 
of  the  gas  render  unnecessary  any  mech- 
anism to  prevent  backfiring.  It  consists 
of  an  air  chamber  in  the  end  for  the 
purpose  of  keeping  the  handle  cool.  The 
gas  and  oxygen  are  passed  through  this 
air  chamber  into  a  mixing  chamber 
which  occupies  the  front  half  of  the 
body  of  the  torch.  At  the  rear  of  this 
chamber  the  gas  is  carried  out  through 
a  pipe  coiled  around  the  stem  of  the 
torch  and  in  this  way  is  preheated.  Oxy- 
gen passes  out  of  the  forward  end  of 
this  chamber  through  another  pipe  that 
meets  the  gas  pipe  at  the  nozzle  of  the 
torch.  Through  the  central  stem  is  car- 
ried the  mixed  gas,  and  the  three  are  all 
combined  at  the  nozzle  into  a  good  mix- 
ture for  combustion.  With  this  torch 
only  three  tips  are  needed  for  welding 
or  cutting  any  kind  or  thickness  of  metal. 
In  the  torch  used  for  metal  cutting,  it  is 
not  necessary  to  coil  the  pipe  around  the 
stem  to  warm  the  gas.  The  gas  and 
oxygen  are  piped  into  the  mixing  cham- 
ber and  carried  out  to  the  stem  to  the 
work.  As  in  other  cutting  torches,  an 
extra  jet  of  oxygen  is  carried  by  a  lower 
tube  to  strike  the  work  just  ahead  of  the 
flame,  to  localize  the  heat  and  remove 
the  burnt  products. 

At  the  works  in  Switzerland  steel  and 
iron  up  to  14  inches  in  thickness  have 
been  cut  by  this  process  with  practically 
no  loss  of  metal.  The  cut  is  no  wider 
than  would  be  made  with  a  saw  and  the 
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metal  is  not  perceptibly  heated  on  either 
side  of  the  cut.  Steel  2  inches  wide  and 
.)4  inch  thick  can  be  perfectly  cut  in  less 
than  a  minute.  Welding  can  be  done  on 
cast  iron,  brass,  bronze,  aluminium  and 
other  metals.  Liquid  gas  without  oxygen 
is  useful  for  soldering  and  brazing.  Braz- 
ing torches  are  made  with  interchange- 
able tips  which  will  produce  any  size  of 
flame  desired.  The  portability  of  liquid 
gas  makes  it  especially  useful  as  a  fuel 
for  heating  paint  scrapers,  plumber's 
tools  and  other  things  of  a  similar  nature. 
Liquid  gas  is  useful  for  lighting  shops 
located  away  from  a  gas  supply,  for  out- 
side illumination  or  for  lighting  vehicles. 
Various  lamps  have  been   specially  de- 


signed for  its  use,  though  ordinary  gas 
fixtures  may  be  used.  A  50-Hefner  can- 
dle power  lamp  uses  ^  cent  worth  of 
gas  per  hour,  a  250-Hefner  candle  power, 
2>1  cents  worth,  and  a  lOO-Hefner  candle 
power  lamp  giving  a  very  white  light 
costs  about  I  cent  per  hour.  Liquid  gas 
is  not  affected  in  any  way  by  the  outside 
atmosphere  and  it  can  be  stored  and  used 
in  any  convenient  place.  Neither  the  gas 
nor  the  products  of  combustion  attack 
metal ;  hence  the  burners,  torches  and  fit- 
tings last  a  long  time.  This  property 
is  of  especial  benefit  in  the  welding  of 
metals.  The  gas  does  not  i'ajure  the 
metal  in  the  joint  and  strong  and  durable 
welds  are  the  result. 


REFUSE   DESTRUCTORS. 

A  REVIEW  OF  THE  DESIGN  AND  WORKING  OF  MODERN  DESRTUCTOR  PLANTS. 


William  F.  Loveday — Association 

ONE  of  the  most  important  achieve- 
ments of  municipal  enp;ineering 
within  recent  years  is  the  solution, 
by  means  of  refuse  destructors,  of  the 
problem  of  economically  disposing  of 
city  wastes.  Destructor  practice  has 
now  been  developed  to  such  a  point  that, 
given  an  anal3'sis  of  the  refuse  and  the 
quantity  of  incombustible,  vegetable  and 
other  matter,  the  results  to  be  obtained 
from  any  specified  quantity  can  be  cal- 
culated with  almost  mathematical  exact- 
ness. A  paper  read  by  Mr.  William 
F.  Loveday  before  the  Incorporated  As- 
sociation of  Municipal  and  County  En- 
gineers gives  a  brief  but  comprehensive 
account  of  the  design  and  working  of  a 
modern  destructor  plant.  We  take  the 
following  abstract  from  a  reprint  of  the 
paper  in  The  Surveyor  for  April  9. 

Progress  and  development  in  destruc- 
tor practice  during  recent  years  have 
been  along  the  lines  of  amelioration  of 
the  conditions  for  the  workman  in  the 
destructor  house,  and  introduction  of  de- 
tails in  construction  which  ensure  fairly 
high  temperatures  and  a  normal  ruling 
condition  in  the  furnace  proper.  More 
efficient  means  of  ventilation  have  been 
devised,  which  have  removed  to  a  large 
extent  the  disagreeable  conditions  ot 
dust  and  unpleasant  odors  found  in  old 
plants.      In    the    best    of    recent    plants 
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means  are  provided  for  renewing  the  air 
four  or  five  times  an  hour,  the  vitiated 
air  being  withdrawn  through  ducts  and 
led  to  the  fan  inlet,  whence  it  is  pro- 
pelled to  the  furnace  ashpits.  In  details 
of  construction,  one  of  the  most  impor- 
tant improvements  has  been  the  intro- 
duction of  devices  for  facilitating  the 
most  laborious  operation  in  destructor 
working,  the  clinkering  of  the  fires.  Ta- 
per castings  are  used  to  form  lines  of 
cleavage  between  and  in  the  grates, 
which  greatly  facilitate  the  breaking  up 
of  the  fires  before  withdrawal. 

There  are  practically  only  two  types 
of  destructors,  the  single  cell  and  the 
continuous  grate.  These  main  classes 
may  be  subdivided  according  to  the 
method  adopted  in  feeding  the  refuse 
into  the  furnace,  into  top-feed  destruc- 
tors, in  which  the  refuse  is  fed  in 
through  the  top  directly  on  the  fire,  or 
on  a  drying  or  desiccating  hearth  from 
which  it  is  pulled  forward  to  the  fire 
bars :  back-feed  destructors,  in  which  the 
refuse  is  fed  in  through  an  opening  in 
the  back  and  clinkered  from  the  front ; 
and  front-feed  destructors,  in  which  the 
refuse  is  fed  and  clinkered  through  the 
same  opening.  The  handling  problem  is 
simplified  in  top-feed  furnaces  but  they 
have  great  objections  from  the  combus- 
tion and  evaporization  point  of  view.    A 
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load  of  very  wet  material,  or  one  con- 
taining an  unusual  quantity  of  incom- 
bustible matter,  which  must  of  necessity 
go  into  a  particular  cell,  has  the  effect  of 
reducing  very  considerably  the  tempera- 
ture in  that  cell.  Again,  the  refuse  has 
to  be  pulled  forward  on  the  bars,  and 
the  difficulty  of  handling  long  and  heavy 
firing  tools  over  a  hot  fire  renders  it 
next  to  impossible  to  get  an  even  thick- 
ness and  uniform  density  over  the  grate. 
The  forced  draft  will  take  the  line  of 
least  resistance  and  will  escape  through 
the  thin  parts,  to  the  detriment  of  com- 
bustion in  the  thicker  portions,  which 
most  require  its  aid.  The  front  or  back 
feed  enables  the  stoker  to  apply  the 
refuse  more  evenly  and  with  more  dis- 
cretion. The  operation  of  charging  is 
much  slower,  but  in  destructor  practice, 
as  in  boiler  firing,  the  introduction  of 
small  quantities  at  a  time  is  a  necessary 
condition  for  obtaining  the  best  results. 

In  the  single-cell  type  of  destructor  the 
cell  is  an  isolated  furnace,  having  an 
opening  for  charging  the  refuse  on  the 
grate  bars,  and  another  opening  at  either 
the  back  or  front  as  an  outlet  for  the 
products  of  combustion.  The  latter  pass 
into  a  main  flue  which  serves  a  number 
of  cells  built  in  parallel.  In  the  isolated 
cells  the  process  of  combustion  must  go 
on  unaided  by  the  heat  of  any  adjoining 
fire,  and  the  temperature  obtained  de- 
pends entirely  on  the  quality  of  the  ref- 
use charged.  In  one  type  of  furnace  a 
boiler  is  placed  between  each  pair  of 
cells,  under  which  the  gases  are  passed 
immediately  after  leaving  the  latter.  It 
has  the  disadvantages  that  the  gases  are 
cooled  before  complete  combustion  has 
taken  place,  and  the  boiler  is  adversely 
affected  by  the  admission  of  coid  air 
to  the  cell  at  the  time  of  clinkering. 

Furnaces  of  the  continuous-grate  type 
consist  of  a  number  of  grates  in  line, 
each  having  a  separate  ash  pit,  but  with 
the  space  above  the  fire  bars  communi- 
cating. Before  reaching  the  boiler  the 
gases  pass  the  whole  length  of  the  series 
of  grates  and  through  a  combustion 
chamber.  Combustion  of  the  charge  on 
each  grate  receives  a  large  amount  of 
assistance  from  the  other  fires  and.  con- 
sequently, the  time  of  initial  ignition  and 
combustion  is  considerably  less  than  in 


the  single-cell  type  of  furnace.  The  con- 
tinuous grate  type  is  free  from  the  wide 
fluctuations  of  temperature  which  in  the 
single-cell  furnace  affect  the  firebrick 
linings  very  seriously;  the  presence  of 
other  fires  in  the  former  prevent  any 
serious  cooling  of  the  furnace  walls 
during  the  operation  of  clinkering  the 
charge  on  any  one  grate. 

To  fulfil  the  primary  objects  for  which 
it  exists,  the  destruction  by  fire  of  ob- 
noxious matter  without  nuisance  and  the 
utilization  of  the  heat  generated  in  the 
process,  the  design  of  a  destructor  fur- 
nace must  possess  the  following  essen- 
tial features:  a  continuous  furnace 
chamber  with  the  grate  laid  off  in  sec- 
tions, each  section  independently  con- 
trolled and  so  operated  that  it  is  a  com- 
plement of  the  others;  provision  for 
heating  and  regulating  the  air  supply  for 
the  necessary  forced  draft ;  a  combustion 
or  dust  settling  chamber  and  a  steam 
generator.  As  has  been  pointed  out  above, 
combustion  in  the  continuous-grate  type 
of  furnace  is  more  perfect  than  in  the 
isolated-cell  type;  as  a  result  a  higher 
and  more  regular  temperature  is  attained 
and  a  more  rapid  rate  of  burning.  The 
rate  of  burning  is  materially  increased 
by  an  undulating  arch  over  the  grates, 
which  deflects  the  gases  from  one  fire  on 
the  next.  The  rates  of  burning  in  a 
three  grate  unit  are  about  in  the  relation 
3,  4  and  5.  Mr.  Loveday's  tests  have 
given  on  the  three  grates  a  consumption 
of,  respectively,  55.21,  74.6,  and  89.6 
pounds  per  square  foot  of  grate  per  hour. 

The  cycle  of  operations  in  refuse  de- 
struction consists  of  three  distinct  stages, 
in  each  of  which  the  features  embodied 
in  the  furnace  design  play  an  important 
part,  the  charging  stage,  the  burning 
stage  and  the  clinkering  stage.  To  fa- 
cilitate charging,  a  storage  bunker,  usu- 
ally large  enough  to  hold  half  a  day's 
supply  of  refuse,  is  placed  just  opposite 
the  charging  door  of  the  furnace  in  a 
position  convenient  of  access  for  the 
fireman,  who  charges  and  spreads  the 
refuse  in  the  furnace  in  one  operation. 
The  combustion  process  is  assisted  by  a 
forced-draft  air  supply  which  is  heated 
bv  an  air  heater  or  regenerator.  Control 
and  regulation  of  the  air  supply  are  ob- 
tained by  means  of  a  special  valve  which 
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can  be  manipulated  and  adjusted  to  meet 
all  conditions. 

An  essential  to  efficient  working  of  a 
destructor  furnace  is  the  maintenance  of 
a  uniform  ruling  temperature  in  the  fur- 
nace clinker.  Until  recently  no  means 
were  available  to  prevent  the  cooling  ot 
the  furnace  fires  by  the  inrush  of  cold 
air  during  the  clinkering  process.  An 
ingenious  device  by  which  it  is  possible 
automatically  and  continuously  to  con- 
trol the  conditions  determining  the  effi- 
ciency of  combustion  in  the  destructor 
furnace,  which  has  recently  been  in- 
stalled in  a  plant  in  New  York,  is  an 
entirely  new  feature  in  destructor  prac- 
tice which  marks  a  very  great  advance. 

The  steam  jet  is  not  a  satisfactory 
means  of  supplying  forced  draft ;  it  adds 
air  saturated  with  steam  to  a  fuel  al- 
ready heavily  charged  with  moisture.  It 
is  much  better  to  employ  a  fan  to  supply 
to  the  furnace  air  heated  by  the  waste 
gases  from  the  boiler.  The  advantage 
of  preheating  the  air  may  be  expressed 
in  terms  of  coal;  the  introduction  of  air 
at  300  degrees  F.  is  approximately  equiv- 
alent in  effect  to  the  addition  of  about 
one  hundredweight  of  coal  to  each  ton 
of  refuse.  In  addition  to  supplying 
forced  draft  the  fan  serves  a  useful  pur- 
pose in  ventilation.  The  ventilation  of 
a  destructor  house  should  be  from  the 
outside  to  the  inside,  to  prevent  the 
spread  of  objectionable  odors  about  the 
neighborhood.  The  best  means  of  secur- 
ing proper  ventilation  is  by  an  air  duct 
in  the  roof,  communicating  with  the 
shaft  supplying  the  air  for  forced  draft 
for  the  furnaces.  The  air  is  drawn  from 
every  part  of  the  house  simultaneously, 
heated  and  passed  through  the  furnaces, 
and  as  the  only  means  of  ingress  for  the 


fresh  air  should  be  at  the  openings  at  the 
ground  level,  this  method  ensures  that 
the  inside  of  the  building  is  as  fresh  as 
it  is  possible  to  be. 

To  sum  up,  the  features  which  should 
be  insisted  upon  in  any  destructor  instal- 
lation are :  cleanly  operation,  absolute 
freedom  from  nuisance  to  the  neighbor- 
hood, and  maximum  comfort  for  work- 
men;  minimum  capital  cost,  considera- 
tion being  given  to  the  value  of  steam 
and  clinker,  and  general  efficiency;  low 
maintenance  charges  combined  with  low 
maintenance  cost;  efficient  and  econom- 
ical means  of  preheating  the  air  supply; 
maximum  evaporation:  regular  steam- 
ing; and  clinker  of  a  marketable  quality. 

In  the  concluding  part  of  his  paper, 
Mr.  Loveday  describes  the  destructor  in- 
stallation at  Stoke  Newington,  England, 
and  gives  some  results  of  tests  on  various 
other  plants.  Especially  interesting  is 
the  report  of  an  eight-hour  trial  run  of  a 
three-cell  unit  at  St.  Albans.  The  total 
weight  of  refuse  burned  was  26,166 
pounds.  The  grate  area  per  cell  was  14.3 
square  feet.  The  products  of  combustion 
were  passed  under  a  water  tube  boiler 
with  1,966  square  feet  of  heating  sur- 
face, fed  with  water  at  an  average  tem- 
perature of  63  degrees  F.  The  average 
boiler  pressure  was  159  pounds  p-auge 
and  the  average  temperature  of  il.c 
steam  leaving  the  superheater  575  de- 
grees. The  actual  evaporation  per  pound 
of  refuse  was  2.1  pounds  of  steam,  equiv- 
alent to  2.75  pounds  from  and  at  212 
degrees  F.  24.4  per  cent  of  the  weight 
of  refuse  charged  remained  as  clinker. 
Two  men  charged  and  clinkered  the  fur- 
nace during  the  test  at  5^d.  each  per 
hour,  making  the  cost  of  charging  and 
clinkering  7^d.  per  ton. 


THE  OPEN-TANK   PROCESS   OF  TIMBER   PRESERVATION. 


THE  RELATION   OF   NON-PRESSURE   TO   PRESSURE   PROCESSES   IN   WOOD    PRESERVATION. 


W.  F.  Sherfesee — Engineering  News. 


WHEN  the  preservative  treatment 
of  timber  was  first  introduced 
into  the  United  States,  about  30 
years  ago,  practice  in  Europe  had  passed 
through  the  periods  of  experiment,  of 
discussion  and  of  innovation,  and  the  in- 
duf'.try  had  assumed  what  promised  to  be 


its  final  shape.  The  use  of  mercuric 
chloride,  copper  sulphate  and  other  anti- 
septic salts  had  been  tried  and  aban- 
doned, and  creosote,  injected  into  sea- 
soned timber  under  pressure,  had  largely 
supplanted  its  cheaper  rivals  as  the 
standard  preservative  material.    The  pio- 
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neers  in  the  industry  in  America  were 
glad  to  avail  themselves  of  European  ex- 
perience, and  the  creosote  pressure  pro- 
cess became  standard  practice  in  the 
United  States.  It  remained  for  many 
yea.rs  the  only  process  in  common  use, 
and  it  still  holds  its  position  as  the 
standard  for  commercial  practice  in  both 
Europe  and  America,  but  its  monopoly 
of  the  whole  field  is  a  thing  of  the  past. 
Within  recent  years  conditions  have  cre- 
ated a  need  for  a  cheap  process  which 
the.  pressure  process  could  not  fulfil,  and 
a  wide  development  of  the  "open-tank" 
or  non-pressure  process  has  been  the  re- 
sult. The  relation  of  the  latter  to  the 
older  practice  is  discussed  in  an  article 
by  W.  F.  Sherfesee  in  Engineering  News 
for  March  4,  of  which  the  following  is 
a  brief  abstract. 

American  practice  in  wood  preserva- 
tion differs  from  European  practice  in 
one  very  important  particular.  Abroad 
the  timber  is  generally  allowed  to  be- 
come air  dry  before  treatment.  In  the 
United  States  preliminary  processes  for 
artificially  seasoning  the  timber  were 
adopted  and  have  been  persisted  in, 
though  they  have  given  but  indifferent 
satisfaction.  Common  practice  in  creo- 
soting  in  America,  and  the  same  process 
is  used  in  the  injection  of  zinc  chloride, 
consists  of  three  principal  operations  or 
processes,  a  bath  of  live  steam,  a  vacuum 
and  the  application  of  the  preservative 
under  pressure.  The  limber,  carried  on 
iron  trucks,  is  treated  in  large  horizon- 
tal cylinders.  The  average  pressure  of 
the  live-steam  bath  is  about  20  pounds 
per  square  inch,  and  its  average  dura- 
tion about  4  hours.  The  vacuum  is 
drawn  for  about  the  same  length  of  time 
as  the  steam  bath.  The  cylinder  is  then 
filled  with  the  preservative,  at  a  pressure 
of  about  100  pounds  per  square  inch, 
unlil  the  required  amount  has  been  in- 
jected, after  which  the  surplus  is  blown 
back  to  the  receiving  tanks  by  com- 
pressed air.  The  whole  process  takes 
about  ten  hours  and  with  some  classes 
of  timber  may  take  much  longer.  The 
plants  are  expensive  to  ins^al  and  the 
process  requires  skilled  supervision. 

It  is  now  known  that  neither  the 
steam  bath  nor  the  vacuum  accomplish 
the   desired   result   in   the  seasoning  of 


timber.  The  steam  bath  has  a  certain 
value  in  warming  the  timber  but  unless 
it  is  applied  with  skill  it  is  almost  cer- 
taiji  to  cause  a  permanent  reduction  in 
strength.  The  vacuum  treatment  as  a 
means  of  extracting  moisture  from  the 
wood  was  based  on  erroneous  theoretical 
opinions,  and,  instead  of  lessening  the 
amount  of  moisture  in  the  wood,  the 
steam  bath  and  the  vacuum  often  in- 
crease it.  The  development  of  the  open- 
tank  process,  however,  has  been  due 
primarily  neither  to  the  time  required 
by  the  pressure  process  nor  to  the  nega- 
tive or  possibly  injurious  effects  of  some 
of  its  operations.  The  factor  which  has 
been  chiefly  responsible  is  the  heavy  ex- 
pense involved  in  the  purchase  and  in- 
stallation of  the  pressure  plant,  an  ex- 
pense which  confines  such  plants  to  large 
commercial  companies  which  demand  a 
very  large  and  fairly  constant  supply  of 
structural  timber  comparatively  resist- 
ant to  the  entrance  of  the  preservative. 

There  is  no  real  ground  for  rivalry  be- 
tween the  two  systems.  Although  the 
boundaries  of  their  fields  of  usefulness 
may  occasionally  overlap,  each  process 
has  a  field  of  its  own,  a  condition  to 
meet  for  which  the  other  is  inadequate. 
The  non-pressure  processes  are  nothing 
more  than  a  natural  development  of  the 
old  pressure  system,  made  necessary  by 
the  need  for  a  simpler  and  less  expensive 
method  for  the  small  user  or  for  cheaper 
classes  of  timber.  With  a  decreasing 
supply  of  structural  timber  and  an  in- 
creasing price,  the  need  became  pressing 
for  a  process  by  which  timber  of  differ- 
ent kinds  and  for  different  purposes 
could  be  treated  cheaply  and  efficiently, 
in  a  plant  inexpensive  to  install  and 
simple  to  operate.  It  was  evident  that: 
effort  could  be  exerted  along  but  three 
main  lines,  the  simplification  of  the  pro- 
cess for  injecting  the  preservative  into 
the  timber,  reduction  of  the  cost  of  the 
plant  by  the  simplification  of  the  me- 
chanical apparatus,  and  reduction  of  the 
amounts  of  the  preservatives  without  de- 
creasing the  efficiency  of  the  treatment. 
If  was  evident  also  that  none  of  these 
lines  could  be  followed  independently 

The  first  step  towards  simplification 
was  a  thorough  study  of  the  effects  of 
the  three  operations  in  the  pressure  pro- 
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cess.  The  work  was  greatly  simplified 
as  soon  as  American  engineers  admitted 
what  was  already  generally  recognized 
abroad,  that  the  steam  bath  and  the 
vacuum  are  inferior  to  air  seasoning,  and 
often  accomplish  results  directly  oppo- 
site to  those  desired.  At  one  stroke  it 
was  possible  to  eliminate  entirely  two  of 
the  most  expensive  and  difficult  pro- 
cesses, with  the  substitution  of  nothing 
more  complicated  than  the  stacking  of 
the  timber  in  the  open  air.  The  crux  of 
the  problem,  however,  still  waited  so- 
lution ;  the  application  of  artificial  pres- 
sure was  still  essential  to  a  satisfactory 
impregnation,  for  simple  soaking  of  the 
timber  is  inadequate.  After  much  ex- 
perimentation success  was  at  last  found 
in  two  methods,  first,  the  use  of  atmos- 
pheric pressure  to  take  the  place  of  arti- 
ficial pressure,  and,  second,  the  employ- 
ment of  the  pressure  generated  by  heat 
through  the  vaporization  of  the  preserv- 
ative in  closed  retorts. 

In  the  open-tank  process  atmospheric 
pressure  alone  is  used.    During  the  per- 
iod of  air  seasoning  much  of  the  mois- 
ture in  the  wood  is  evaporated  and  its 
place  taken  by  air.     When  the  wood  is 
ready  for  treatment  it  is  immersed  in  a 
hot  liquid  which  serves  principally  as  a 
heating  medium  and  may  or  may  not  be 
a    preservative.     The    heating    of    the 
wood  fibre  causes  a  rapid  expansion  of 
the    air    in    the    cells    and    intercellular 
spaces,  and  a  part  of  the  air,  carrying 
some  of  the  remaining  moisture,  is  driv- 
en out  of  the  timber  and  escapes  through 
the  liquid  into  the  open  air.     This  bath 
is  continued  until  its  effects  have  pene- 
trated to  a  sufficient  depth.     The  tem- 
perature of  the  surrounding  fluid  is  then 
quickly  lowered,  either  by  removing  the 
timber  from  the  hot  liquid  and  plunging 
it  quickly  into  a  bath  of  the  cold  pre- 
servative, by  shutting  off  the  heat  and 
allowing  the  timber  to  remain  in  the  pre- 
servative as  it  cools,  or,  best  of  all,  by 
running  off  the  hot  liquid  into  tanks  and 
admitting  almost  simultaneously  a  pre- 
servative  at   a   lower   temperature.     As 
the    temperature    falls,    the    air    in    the 
wood  structure  contracts,  and  the  partial 
vacuum   formed,   increased  by  the  con- 
densation of  moisture,  is  satisfied  by  the 
entrance  of  the  surrounding  preservative. 


Reduced  to  its  lowest  terms,  the  appa- 
ratus absolutely  necessary  for  ihc  appli- 
cation of  the  open-tank  process  consists 
of  an  open  vat  large  enough  to  hold  the 
timber,   so  arranged  that  a  fire  can  be 
built     underneath.       Considerations     of 
economy  in  operation,  however,  recom- 
mend the  installation  of  more  elaborate 
plant,  except  in  very  exceptional  cases. 
The  use  of  steam  coils  for  heating  gives 
closer   temperature    regulation    and    les- 
sens the  cost  of   fuel.     Much  time  can 
be  saved  by  having  a  second  tank  near  at 
hand,  containing  cold  preservative,  into 
which  the  timber  can  be  plunged  as  soon 
as  the  hot  bath  is  completed.     In  hand- 
ling heavy  timber  it  is  much  easier  and 
cheaper  to  let  it  remain  in  the  first  tank 
and   to   change   the   bath   by   means   of 
piping  in   connection  with  underground 
wells   and   overhead   storage   tanks.     In 
very  large  plants  it  is  economical  to  use 
a  large,   horizontal,   cylindrical  treating 
tank  into  which  the  timber  is  introduced 
on   trucks.     To    such    installations   the 
term  "open-tank"   will  not  apply.     The 
process   is  essentially  the   same   as  that 
of  the  simplest  fire-heated  vats,  but  the 
preservative  is  no  longer  exposed  to  the 
open  air;  in  fact  every  effort  is  made  to 
prevent  the  vapors  from  passing  off  into 
the  atmosphere.     In  plants  of  this  sort 
is    usually    found    every    practical    me- 
chanical device  which  will  assist  in  re- 
ducing the  cost  of  operation  or  in  im- 
proving the  efficiency  of  the  treatment. 
The  loss  of  preservative  by  evaporation, 
which  in  the  open  tanks  is  sometimes  as 
high    as   35    per    cent,    is    prevented   by 
collecting    and    condensing    the    vapors. 
Despite   a   similarity   in   appearance  be- 
tween   cylindrical    non-pressure    retorts 
and    those    used    in    standard    pressure 
treatment,  the  cost  of  installing  a  com- 
mercial non-pressure  plant  is  only  about 
one-third    that    of    a    pressure    plant   of 
similar  capacity.     The  regulation  of  the 
absorption    in    a    well     conducted     non- 
pressure  plant  is  quite  as  accurate  as  in 
common  practice  at  pressure  plants,  and 
with  the   use  of  closed   retorts  loss  by 
evaporation  is  practically  eliminated. 

The  demand  for  an  "empty-cell" 
treatment  which  would  leave  merely  a 
coating  of  preservative  around  the  cell 
walls  instead  of  leaving  the  lumina  and 
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intercellular  spaces  filled,  thus  securing 
the  deepest  penetration  with  the  least 
absorption,  has  been  successfully  met  by 
the  non-pressure  process.  In  pressure 
plants  this  is  achieved  by  the  use  of 
force,  air  and  vacuum  pumps.  In  the 
non-pressure  process  an  equally  efficient 
result  is  obtained  by  withdrawing  the 
timber  from  the  preservative  before  the 
latter  has  penetrated  to  the  depth  affect- 
ed by  the  hot  bath.  The  outer  layers  only 
are  given  time  to  become  saturated,  and 
when  the  timber  is  removed  from  the 
bath,  the  surplus  preservative  in  the 
outer  layers  is  drawn  down  to  the  depth 
to  which  the  heat  penetrated  by  the  still 
unsatisfied  vacuum  in  the  inner  layers. 
"It  is  not  difficult  to  forecast  the  final 


place,  in  the  industry  of  wood  preserva- 
tion, which  the  non-pressure  processes 
are  to  hold.  All  misconception  will  be 
cleared  away  if  it  is  remembered  that 
their  development  is  not  intended  to  pro- 
vide a  substitute  for,  or  to  compete  with, 
the  pressure  processes.  Generally  speak- 
ing, the  non-pressure  plants  will  not 
draw  work  from  the  larger  commercial 
plants  but,  on  the  contrary,  they  will  be 
used  principally  for  the  treatment  of 
timber  which  otherwise  would  remain 
untreated.  They  provide  a  cheap  and 
efficient  method  for  treating  certain  of 
the  more  porous  classes  of  timber  in 
isolated  locations,  and  they  are  for  the 
small  users  to  whom  the  use  of  the  com- 
mercial pressure  plants  is  prohibited." 


SHIP  PROPULSION   BY   CONTRARY   TURNING   SCREWS. 

A   REPORT  OF   INVESTIGATIONS  ON   THE   EFFICIENCY   OF   SCREWS   TURNING    IN    CONTRARY 

DIRECTIONS  ON  A  COMMON   AXIS. 

Lieut. -Colonel  G.  Rota — Institution  of  Naval  Architects. 


THE  propulsion  of  ships  by  two  con- 
trary turning  propellers  on  a 
common  axis  has  been  the  sub- 
ject of  investigation  at  various  times 
since  the  method  was  first  applied  to 
marine  purposes  by  Ericsson  in  1839. 
More  recently  a  general  application  of 
the  same  principle  has  been  made  in  the 
propelling  gear  of  the  Whitehead  and 
similar  torpedoes,  and  as  lately  as  1892 
a  little  passenger  steamer  with  contrary 
turning  screws  was  in  service  on  Brent 
Lake.  Within  the  last  two  years  also  a 
patent  has  been  claimed  for  a  double 
propeller  on  a  common  axis  in  associa- 
tion with  an  oil  engine  and  belt  drive. 
The  latest  investigations  on  a  consider- 
able scale  have  been  made  by  Lieut. - 
Colonel  G.  Rota,  who  communicated  his 
results  to  the  Institution  of  Naval  Archi- 
tects on  April  i.  The  main  portion  of  his 
paper  is  given  in  full  abstract  below, 
from  Engineering  for  April  9, 

"The  guide-blade  of  Thornycroft's  sys- 
tem, and  also  the  systems  of  Rigg  and 
Parsons,  can  be  considered  as  special 
cases  of  the  double-propeller  arrange- 
ment, the  after  screw  being  replaced  by 
guide-blades.  At  the  time  that  the  above 
arrangements  were  devised,  the  recipro- 
cating engine  was  the  only  kind  of  en- 


gine available  for  marine  propulsion,  and 
it  was  only  possible  to  drive  one  of  the 
two  shafts  (the  inner  one)  off  the  en- 
gine, as  no  arrangement  of  gearing  or 
belt-driving  was  found  to  be  practically 
workable  for  the  outer  propeller.  The 
working-screw  was  therefore  placed  in 
front  of  a  fixed  blade  device,  which  acted 
as  a  guide  to  divert  the  stream  of  water 
from  the  screw  in  parallel  lines  astern. 
"But  the  fixed  guide-blades,  independ- 
ently of  their  beneficial  influence  on  the 
efficiency,  certainly  increase  the  resist- 
ance of  the  hull.  It  is  well  known,  how- 
ever, that  this  increase  of  resistance  can 
be  reduced  if  the  guide-blades  are  not 
fixed,  but  form  instead  an  integral  part 
of  the  propelling  apparatus.  With  such 
an  arrangement  the  stream  of  water  is 
conveyed  to  the  after  part  of  the  pro- 
peller in  a  more  convenient  direction, 
thus  ensuring  the  beneficial  influence  of 
that  propeller  on  the  forward  one. 

"In  his  interesting  paper  of  1888  Pro- 
fessor Greenhill,  in  explainig  his  theory 
of  the  screw  propeller,  first  analysed  the 
case  of  the  double-screw  propeller  on  a 
common  axis,  and  pointed  out  the  max- 
imum efficiency  it  would  be  possible  to 
obtain  by  a  special  arrangement  for  in- 
creasing the  pitch  of  the  screws.    I  ven- 
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tiire  to  say  that  a  gain  of  efficiency  is 
generally  obtained  by  the  double-screw 
propellers  on  a  common  axis,  not  as  a 
consequence  of  increasing  the  pitch  un- 
der the  Greenhill  arrangement,  but  mere- 
ly by  the  subdivision  of  the  propeller  into 
two  parts  acting  in  opposite  directions, 
yet  of  constant  pitch. 

"As  the  result  of  careful  observations 
it  may  reasonably  be  assumed  that  an  in- 
crease of  efficiency  is  possible  with  the 
above  arrangement  of  propellers  instead 
of  the  ordinary  single-screw.  It  is  well 
known  that  with  an  hydraulic  turbine  an 
essential  condition  to  get  good  efficiency 
is  to  have  the  water  conveyed  by  the 
guides  evidently  act  in  the  same  way  as 
the  forward  screw  on  the  after  one.  Sim- 
ilarly, with  steam-turbines  it  is  necessary, 
in  every  case,  to  have  the  acting  fluid 
diverted  from  its  ordinary  course,  and 
conveyed  to  the  principal  part  of  the 
moving  apparatus  in  a  direction  more 
conducive  to  efficiency. 

"Turning  to  the  question  of  the  recip- 
rocal influence  of  hull  and  propeller,  a 
most  convenient  result  is  obtained  with 
the  double-contrary  turning-screws  on  a 
common  axis  instead  of  the  single  screw. 

1.  Because  the  increase  of  resistance 
caused  by  the  action  of  the  double  pro- 
pellers is  lessened  when  compared  with 
that  obtained  by  the  single  screw,  in  con- 
sequence of  the  smaller  screw  diameter. 

2.  Because  the  gain  in  wake  is  consid- 
erable in  the  case  of  the  double  screws. 

''Comparing  the  above  arrangement  of 
screws  with  twin-screws,  we  also  get : — 

3.  Reduced  length  of  bracket  for  pro- 
peller-shafts, and  consequently  great  re- 
duction in  the  resistance  caused  by  brack- 
ets, which  commonly  produce  a  great 
additional  resistance  in  the  hull ; 

4.  Increase  in  the  depth  of  water  above 
the  propellers,  that  causes  another  gain 
of  efficiency. 

"Other  beneficial  effects  will  ensue 
when  considering  the  question  from  the 
point  of  view  of  maritime  and  inland 
navigation.  Until  now,  although  the  ar- 
rangement of  double  contrary  turning 
screws  on  a  common  axis  is  not  new,  its 
superiority  as  compared  with  the  single 
screw  has  not  yet  been  demonstrated  in 
a  practical  manner.  That  has  been  the 
subject  of  my  researches,  and  I  am  in- 


debted to  His  Excellency  the  Minister  of 
Marine  in  Rome  for  having  permitted  me 
to  carry  out  a  complete  series  of  trials 
with  a  steamboat  in  the  Royal  Dockyard 
at  Castellamare  di  Stabia,  first  with  a 
single  screw  and  afterwards  with  two 
contrary  turning  screws  of  different  di- 
ameters on  a  common  axis  with  a  con- 
stant pitch  and  also  with  increasing 
pitch,  according  to  Professor  Greenhill's 
rules.  The  results  obtained  by  these  trials 
showed  that  a  great  gain  of  efficiency  is 
to  be  expected  with  the  double  screws. 
It  appears  that  about  20  per  cent,  of  the 
horse-power  can  be  saved. 

"In  the  experimental  arrangement  on 
the  vessel  which  I  had  at  my  disposal 
for  the  trials  ihe  two  shafts  are  driven 
by  gearing  off  the  reciprocating  engine, 
and  the  loss  of  power  by  friction  should 
be  taken  into  account  in  estimating  the 
probable  gain  resulting  from  the  use  of 
the  double  screws.  Considering  the  im- 
provements that  should  be  possible  in  de- 
signing a  complete  installation  on  the 
double-screw  svstem,  there  is  no  doubt 
that  a  considerable  gain  in  efficiency  may 
be  secured. 

"The  main  difficulty  in  the  use  of  two 
propellers  one  behind  the  other,  and  act- 
ing in  contrary  directions,  may  be  now 
surmounted  by  the  use  of  turbine  en- 
gines, by  which  it  would  be  possible  to 
drive  in  opposite  directions  two  shafts 
with  a  common  axis  without  gearing, 
belt,  or  other  driving  apparatus  which  is 
unsuitable  for  use  on  board  ship.  It 
might  also  be  tried  if  the  combination 
of  steam-turbines  and  reciprocating  en- 
gines could  be  conveniently  arranged  to 
drive  respectively  the  outer  and  the 
inner  shafts,  connected  with  the  forward 
and  the  after  screws  respectively.  The 
special  turbine  for  reversing  would  thus 
be  dispensed  with,  and  the  other  advan- 
tages claimed  for  the  'combination  sys- 
tem' cf  machinery  would  be  secured. 

"The  special  arrangement  of  propellers 
I  have  described  is  also  of  advantage  in 
disposing  of  the  conflict  between  steam 
turbines  and  screw  efficiency.  It  is  well 
known  that  steam-turbines  used  on  board 
ship  cannot  be  so  efficient  as  those  used 
for  land  plants,  it  being  impossible  on 
board  ship  to  have  the  high  rate  of  rc'^o- 
lution  required  for  the  highest  possible 
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Table  Giving  Comparative  Results  with  Single  and  Double  Screws. 

Double  Screw  in  Use. 
First  Series.  Second  Series. 
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efficiency.  The  screws  have  to  be  re- 
duced in  diameter,  and  consequently  their 
efficiency  is  lowered  compared  to  tliat  of 
the  single  screw  driven  by  reciprocatng 
engines.  The  special  arrangement  of  pro- 
pellers, the  one  behind  the  other,  which 
I  have  described,  allows  of  a  greater 
number  of  revolutions,  and  consequent- 
ly produces  a  higher  efficienc}'^  of  the 
steam-turbines,  and  yet,  with  the  re- 
duced diameter  of  the  screw,  it  allows 
a  considerable  increase  over  the  propeller 
efficiency  than  is  possible  with  a  single 
screw.  If,  as  I  believe,  the  gain  in  power 
were  not  less  than  20  per  cent,  in  a 
cruising  ship  of  moderate  size — say 
10,000  tons — about  250  tons  would  be 
saved  in  weight  of  machinery  required 
to  obtain  22^  knots,  or,  on  the  other 
hand,  a  knot  more  speed  could  be  ob- 
tained with  the  same  horse-power. 

"The  arrangement  for  a  large  installa- 
tion of  two  shafts  on  a  common  axis 
and  turning  at  high  speed  would,  no 
doubt,  involve  difficult  practical  prob- 
lems. There  are  many  problems  which 
should  be  subjects  of  careful  inquiry. 
The  experimental  arrangement  of  shafts 
and  propellers  which  I  installed  on  the 
steamboat  for  trials  has,  however,  been 
working  satisfactorily   for   a   period   of 


about  a  year  in  the  ordinary  service  of 
the  boat." 

The  boat  used  in  the  tests  was  46  feet 
long  and  11  feet  9  inches  beam,  with 
a  displacement  of  25  tons,  propelled  by  a 
reciprocating  engine  of  7.87  inches  cyl- 
inder diameter  and  7.08  inches  stroke. 
The  results  of  the  trials  are  given  in 
the  accompanying  table.  In  the  single- 
screw  tests  a  four-bladed  propeller,  3 
feet  9J4  inches  in  diameter  and  4  feet  5 
inches  constant  pitch,  was  used.  The 
propellers  used  in  the  double-screw  trials, 
first  series,  were  similar  in  shape  to  those 
used  in  the  single  screw  trials;  the  di- 
ameter was  2  feet  8  inches  and  the  con- 
stant pitch  3  feet  ij4  inches.  The  com- 
bined blade  area  of  the  two  screws  was 
equal  to  the  blade  area  of  the  single 
screw,  and  the  number  of  revolutions 
was  V2  times  the  corresponding  number 
for  the  single  screw.  In  the  double- 
screw  trials,  second  series,  the  general 
shape  of  the  propellers  was  the  same  as 
before,  and  the  pitch  according  to  Pro- 
fessor Greenhill's  rules.  The  details  were 
as  follows: — 


After  Screw. 
Diameter  ...1  foot     8%   inches 
Mean  Pitch  2      "      3 
Initial  Pitch  1      "      7  " 

Final  Pitch    3      "    10 


Forward  Screw. 

2  feet     7       inches 

3  "      5^        " 
2      "    IIH 

4  "      3 


THE    UTILIZATION   OF   SMELTER   FUMES. 


TECHNICAL  AND  ECONOMIC   PROBLEMS   IN  THE  UTILIZATION   OF   BY-PRODUCTS 

IN  COPPER  SMELTING. 

Joseph  H.  Hart — The  Mining  World. 


A    BRIEF  description  of  a  success- 
ful  process    for   the   utilization 
of  smelter  fumes  for  the  manu- 
facture of  sulphuric  acid,  in  use  at  the 
works   of   the   Tennessee   Copper   Com- 
pany, was  given  in  these  columns  in  The 


Engineering  Magazine  for  February. 
Dr.  Joseph  H.  Hart,  however,  shows  in 
The  Mining  World  for  April  3,  that 
economic  conditions  play  so  important  a 
part  in  the  problem  that  a  solution  suc- 
cessful in  one  place  may  not  be  commer- 
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cially  available  in  another,  though  thor- 
oughly practical.     lie  says : 

"Of  course  the  easiest  solution  of  this 
problem  is  the  production  of  sulphuric 
acid  from  the  sulphur  dioxide  present  in 
the  waste  products  of  combustion.  V/ater 
only  is  necessary  to  furnish  the  other  in- 
gredients of  the  sulphuric  acid.  Sulphuric 
acid,  however,  while  it  possesses  a  fairly 
large  market  in  various  parts  of  the 
world,  and  has  a  certain  definite  fixed 
value  ranging  from  2  to  5  cents  per 
pound,  depending  upon  its  grade,  must 
generally  have  a  market  close  at  hand, 
or  the  freight  charges  may  prove  so  ex- 
cessive as  to  render  the  marketing  of  the 
product  a  practical  impossibility.  This 
is  essentially  the  case  at  the  Salt  Lake 
smelter,  where,  according  to  Mr.  Frank- 
lin R.  Carpenter,  fully  500  tons  of  sul- 
phur, as  sulphur  dioxide,  go  into  the  at- 
mosphere every  24  hours,  equivalent  in 
production  to  15,000  tons  of  sulphuric 
acid,  and  on  which  the  freight  charges 
for  conveyance  to  a  suitable  market 
amount  to  considerably  more  than  the 
total  value  of  the  product  itself.  Mr. 
Carpenter  has  attempted  to  solve  the 
problem  of  collecting  the  sulphur  dioxide 
and  obtaining  from  it  sulphur,  which 
would  find  a  ready  market,  both  by 
means  of  mechanical  refrigeration  and 
by  chemical  reactions,  but  the  problem 
cannot  yet  be  said  to  have  been  solved. 
The  suggestion  of  Mr.  Car- 
penter that  refrigeration  can  be  used  for 
the  condensation  of  sulphur  dioxide  from 
the  exhaust  gases  of  smelting  furnaces, 
and  that  the  absorption  system  could  be 
used  for  this  purpose,  while  theoretically 
possible,  is  unavailable  for  practical  de- 
velopment, on  account  of  limitations  ex- 
isting in  the  manufacture  and  operation 
of  the  refrigerating  unit  itself.  The  sul- 
phur dioxide  exists  in  such  small  quanti- 
ties in  the  waste  products  of  combustion, 
generally  in  quantities  ranging  from  5 
to  10  per  cent  of  the  total,  and  the  waste 
products  are  so  hot,  that  the  utilization 
of  the  direct-compression  refrigerating 
system,  for  the  cooling  and  condensation 
of  the  sulphur  dioxide  would  require  so 
much  refrigeration  that  the  efficiency  of 
the  process  would  be  small."  With  pre- 
liminary condensation  and  cooling  of 
the  gases  by  means  of  cold  pipes,  how- 


ever, mechanical  refrigeration  might  be 
employed  efficiently  for  the  last  stages 
of  condensation  of  the  sulphur  dioxide. 

"The  conversion  of  sulphur  dioxide 
into  either  a  solid  or  liquid  form  of 
comparative  purity  would  not  by  any 
means  solve  the  problem.  Sulphur  di- 
oxide is  available  for  refrigerating  pur- 
poses itself,  and  has  a  somewhat  re- 
stricted market  for  this  purpose.  It  must, 
however,  be  kept  in  closed  tanks,  under 
pressure,  for  its  preservation,  and  could 
be  shipped  to  points  where  sulphuric  acid 
has  a  ready  market,  and  be  readily  man- 
ufactured into  this  product.  The  freight 
charges  under  these  circumstances  would 
be  cut  in  half  by  the  elimination  of  the 
water,  but,  undoubtedly,  even  under  these 
circumstances,  the  charges  would  prove 
excessive. 

"The  separation  oi  the  oxygen  from 
the  sulphur  in  this  material  is  a  rather 
difficult  chemical  problem,  since  the  heat 
of  combustion  of  sulphur  dioxide  is  quite 
large,  and  the  resulting  product  is  fairly 
stable.  It  has  been  suggested  that  a  por- 
tion of  the  sulphur  dioxide  be  converted 
into  hydrogen  sulphide  and  the  two  gases 
allowed  to  interact,  which  would  result 
in  the  production  of  a  portion  at  least  of 
the  sulphur  in  the  form  of  pure  sulphur. 
While  this  is  possible  theoretically,  in 
practical  operation  on  such  a  large  scale, 
it  would  undoubtedly  meet  with  serious 
difficulties.  The  same  situation  exists  in 
regard  to  the  direct  transformation  of 
the  entire  product  into  hydrogen  sulphide 
with  the  subsequent  elimination  of  the 
hydrogen  in  a  suitable  mechanism.  Sul- 
phur itself  is  undoubtedly  a  valuable  by- 
product. According  to  Mr.  Carpenter, 
the  500  tons  available  from  the  by- 
products in  the  Salt  Lake  smelter  have 
a  value  of  approximately  $10,000  per 
day.  But  it  must  be  borne  in  mind,  that 
all  of  the  suggestions  presented  up  to 
this  date,  are  more  or  less  theoretical  in 
character,  and  would  involve  a  consider- 
able outlay  for  their  operation,  with  re- 
sults which,  at  the  best,  couid  be  merely 
considered  problematic. 

"The  situation  is,  primarily,  a  com- 
mercial one.  The  production  of  sulphuric 
acid  is  a  comparatively  easy  and  efficient 
utilization  of  the  sulphur  dioxide  present 
in  the  by-products  of  the  combustion  of 
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the  average  smelter.  The  sulphuric  acid 
plant  at  Ducktown,  Tenn.,  will  undoubt- 
edly turn  in  a  big  profit,  and  the  market 
for  the  acid  is  steadily  increasing. 

"The  real  problem  at  hand  in  this  par- 
ticular case  is,  therefore,  the  utilization 
of  the  sulphuric  acid  as  a  home  product, 
with  a  consequent  production  of  a  mar- 
ket, or,  what  is  equivalent  to  it,  the 
transformation  of  the  sulphuric  acid  into 
another  product,  whose  value  is  such  that 
it  can  be  readily  transported  to  a  market 
at  a  profit,  and  freight  charges  reduced 
as  well. 

"Sulphuric  acid  is  used  in  an  innumer- 
able number  of  industries  throughout  the 
civilized  world.  It  is  used  in  paper  mills 
to  a  considerable  extent ;  in  oil  refineries ; 
for  the  disintegration  of  phosphate  rock ; 
to  a  small  extent  in  sugar  refineries  for 
the  purification  of  the  sugar,  and  in  a 
large  number  of  other  industries  as  well 
to  a  more  or  less  restricted  extent.  Its 
chief  utilization  is  in  the  production  of 
other  acids  of  commerce.  Hydrochloric 
acid,  one  of  the  chief  of  these,  is  readily 
produced  almost  spontaneously  in  the 
chemical  reactions  that  take  place  be- 
tween sulphuric  acid  and  a  number  of 
the  common  chlorides.  Thus  ordinary 
common  salt,  or  sodium  chloride,  NaCl, 
is  at  once  available  at  minimum  cost  in 
this  particular  development,  from  the 
salt  beds  operated  in  the  vicinity  of  the 
Great  Salt  lake.  The  reaction  between 
sulphuric  acid  and  sodium  chloride  is  a 
double  one.  The  first  of  these  occurs 
spontaneously,  and  the  latter  with  gentle 
application  of  heat.  In  the  first  the  sul- 
phuric acid  reacts  with  the  salt  and  pro- 
duces sodium  acid  sulphate  and  hydro- 
chloric acid,  as  follows :  H2SO4  -\-  NaCl 
=1  NaHS04  and  HCl. 

"The  heating  of  this  material  with  an 
excess  of  salt  results  in  a  further  action 
and  the  substitution  of  sodium  in  place 
of  the  hydrogen  in  this  product.  Thus 
the  reaction  is  in  reality  a  combination 
of  sulphuric  acid  and  common  salt,  with 
the  application  of  gentle  heat  in  the  re- 
sulting production  of  sodium  sulphate 
Na2S04,  and  hydrochloric  acid,  2  HCl. 

"Both  of  these  products  have  a  com- 
mercial value.  The  sodium  sulphate  is 
known  as  Glauber's  salts,  and  the  mar- 
ket for  this  is  somewhat  restricted.    The 


hydrochloric  acid  exists  in  the  form  of  a 
gas  and  requires  condensation  by  water. 
The  latter  absorbs  the  hydrochloric  acid 
gas  in  quantities  such  that  the  resulting 
product  consists  of  43  per  cent  of  water. 
The  value  of  hydrochloric  acid  is  con- 
siderably greater  than  that  of  sulphuric 
acid,  and  the  weight  of  the  resulting 
product  in  this  form,  per  ton  of  sulphur 
used,  is  much  less,  since  from  the  mole- 
cular weights  of  the  two  materials  alone, 
their  relative  weights  can  be  determined 
in  the  ratio  of  36  to  100,  and  about  equal 
volumes  of  water  are  used  in  the  two 
cases,  so  that  the  weight  of  the  resulting 
commercial  product  in  the  two  cases  is 
in  the  ratio  of  i  to  3,  if  they  each  com- 
bine with  their  own  weight  of  water. 
Glauber's  salts  could  be  shipped  to  mar- 
ket and  a  profit  obtained  when  the 
freight  rates  and  the  conditions  of  the 
market  were  such  as  to  warrant  this  de- 
velopment. Under  other  circumstances 
it  could  be  thrown  out  on  the  waste  pile 
and  would  be  unobjectionable,  since  fair- 
ly stable  in  constitution.  The  hydro- 
chloric acid  would  find  a  ready  market 
at  prices  which  would  allow  a  distinct 
profit,  even  at  considerably  higher 
freight  rates  than  now  exist,  and  the  so- 
lution of  the  problem  could  be  readily 
accomplished  by  this  means. 

"This  represents  only  one  of  the  possi- 
ble available  utilizations  of  sulphuric 
acid  in  the  solution  of  this  particular 
problem,  but  it  seems  quite  sufficient  to 
meet  the  requirements  of  the  situation. 
The  sulphur  dioxide  would  be  removed 
from  the  atmosphere  and  rendered  harm- 
less. By-products  would  be  obtained  in 
another  form,  which  would  have  a  ready 
sale  and  considerable  value.  The  utiliza- 
tion of  mechanical  refrigeration  and  the 
decomposition  of  the  sulphur  dioxide  are 
apparently  unavailable  on  account  of  lim- 
itations in  the  development  of  mechanical 
refrigeration,  on  account  of  the  great 
heat  of  decomposition  of  sulphur  dioxide. 
The  solution  of  this  and  many  similar 
problems  in  the  utilization  of  by-prod- 
ucts, is  undoubtedly  based  upon  chemical 
reactions,  and  considerable  knowledge 
and  profit  would  undoubtedly  be  obtained 
in  the  operation  of  the  average  smelter 
by  a  thorough  study  of  this  field  and  its 
possibilities." 


The  following  pages  form  a  descriptive  index  to  the  important  articles  of 
permanent  value  published  currently  in  about  two-hundred  of  the  leading  en- 
gineering journals  of  the  world — in  English,  French,  German,  Dutch,  Italian, 
and  Spanish,  together  with  the  published  transactions  of  important  engineering 
societies  in  the  principal  countries.  It  will  be  observed  that  each  index  note 
gives  the  following  essential  information  about  every  publication: 

(i)   The  title  of  each  article,  (4)   Its  length  in  words, 

(2)  The  name  of  its  author,  (5)   Where  published, 

(3)  A  descriptive  abstract,  (6)  When  published, 

(7)   We  supply  the  articles  themselves,  if  desired. 

The  Index  is  conveniently  classified  into  the  larger  divisions  of  engineer- 
ing science,  to  the  end  that  the  busy  engineer,  superintendent  or  works  man- 
ager may  quickly  turn  to  what  concerns  himself  and  his  special  branches  of 
work.  By  this  means  it  is  possible  within  a  few  minutes'  time  each  month  to 
learn  promptly  of  every  important  article,  published  anywhere  in  the  world, 
upon  the  subjects  claiming  one's  special  interest. 

The  full  text  of  every  article  referred  to  in  the  Index,  together  with  all  illus- 
trations, can  usually  be  supplied  by  us.  See  the  "Explanatory  Note"  at  the  end, 
where  also  the  full  titles  of  the  principal  journals  indexed  are  given. 


BIVISIONS    OF   THE   ENGINEERING   INDEX. 


Civil  Engineering   443 

Electrical  Engineering  452 

Industrial  Economy   456 

Marine  and  Naval  Engineering 457 


Mechanical  Engineering   460 

Mining  and  Metallurgy 470 

Railway  Engineering  477 

Street  and  Electric  Railways 481 


CIVIL  ENGINEERING 


BRIDGES. 

Arches. 

A  New  Arch  Curve,  the  Parabolic  Oval. 
Charles  Worthington.  Gives  a  descrip- 
tion illustrating-  the  derivation  of  the 
curve,  and  some  examples  of  its  applica- 
tion, with  working  equations.  2500  w. 
Eng  News — April  15,  1909.  No.  3979. 
See  also  Concrete,  under  Bridges. 
Bascule. 

Different  Erection  Methods  for  Scherz- 
er  Lift  Spans.  Illustrates  and  describes 
work  in  conn'ection  with  improvements  on 
the  N.  Y.,  N.  H.  &  H.  R.  R.  The  Bay- 
chester    bridge    and     the     Bronx     River 


bridge,  both  of  the  Scherzer  type.     1000 
w.     Eng  Rec — April  3,  1909.     No.  3707. 
Concrete. 

Concrete  Bridge  Specifications.  T.  H. 
McDonald.  Read  before  the  Iowa  Assn. 
of  Cement  Users.  Discusses  the  require- 
ments of  such  specifications.  1200  w. 
Cement  Age — April,  1909.     No.  4079. 

Concrete  in  Arched  Bridge  Construc- 
tion. E.  P.  Wells.  Lecture  at  the  Con- 
crete Institute  on  the  construction  of  such 
bridges,  with  abstract  of  its  discussion. 
4000  w.  Builder — April  3,  1909.  No. 
3887  B. 

See  also  Culverts,  under  Bridges  ;  and 
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Grade  Reduction,  under  RAILWAY  EN- 
GINEERING, Permanent  Way  and 
Buildings. 

Culverts. 

Building  Concrete  Culverts  in  Freezing 
Weather.  J.  H.  Ryckman.  Describes 
work  on  the  Canadian  Northern  Quebec 
Ry.  800  w.  Eng  Rec — April  17,  1909. 
No.  4013. 
Manhattan.  « 

Erection  of  the  Suspended  Superstruc- 
ture of  the  Manhattan  Bridge,  New  York. 
Describes  the  general  arrangement  of  the 
plant,  and  the  methods  used.  1800  w. 
Eng  Rec — April  3,  1909.     No.  3698. 

1  he  Queensboro  and  Manhattan  Bridges 
Across  the  East  River.  Illustrated  ar- 
ticle dealing  with  the  opening  of  the 
Queensboro  bridge  and  work  of  complet- 
ing the  Manhattan  bridge.  1200  w.  Sci 
Am— April  10,  1909.     No.  3839. 

Piers. 

The  Construction  of  the  River  Piers  of 
the  Pierre  Bridge.  Illustrated  description 
of  work  in  South  Dakota,  on  a  river  sub- 
ject to  floods.  2500  w.  Eng  Rec — April 
3,  1909.    No.  3710. 

Reinforced  Concrete. 

A  Criticism  of  the  Reinforced-Concrete 
Bridge  Truss.  Editorial.  1200  w.  Eng 
News — April  22,  1909.     No.  4163, 

Costs  of  Reinforced  Concrete  Bridges. 
Especially  with  Regard  to  Maintenance. 
E.  P.  Goodrich.  Extracts  from  a  paper 
read  at  the  Cleveland  convention  of  the 
Nat.  Assn.  of  Cement  Users.  1500  w. 
Cement  Age — April,   1909.     No.  4078. 

The  Application  of  Spiral  Hooping  to 
a  French  Concrete  Bridge.  Illustrates 
and  describes  details  of  a  bridge  at 
Avranches,  France.  700  w.  Eng  News — 
April  22,  1909.     No.  4162. 

Contractors'  Plant  on  the  Connecticut 
Avenue  Bridge,  Washington.  An  outline 
of  the  principal  plant  and  operations  and 
the  complete  location  plan.  The  cost  of 
the  falsework  was  about  $50,000.  2500  w. 
Eng  Rec— April  3,  1909.    No.  3705. 

The  Market  House  Bridge  at  Monter- 
rey, Mexico.  Lloyd  B.  Smith.  Illustrated 
description  of  :i  reinforced  concrete  bridge 
carrying  an  arcade  of  stores.  1000  w. 
Eng'  News— April  8,  1909.     No.  3849. 

The  Mississippi  River  Boulevard  Bridge 
at  St.  Paul.  Illustrated  description  of  a 
reinforced-concrete  structure.  1200  w. 
Eng  Rec— April  3,  1909.     No.  3704. 

The  Grand  River  Bridge  of  the  Lake 
Shore  &  Michigan  Southern  Railway.  Il- 
lustrated description  of  a  recently  com- 
pleted four-track,  reinforced-concrete  arch 
bridge.  3000  w.  Eng  Rec— April  24, 
1909.     No.  4167. 

See  also  Trestles,  and  Viaducts,  under 
Bridges. 


Replacement. 

Erection  of  Delaware  River  Bridge  at 
Portland,  Pennsylvania.  Illustrated  de- 
scription of  methods  used  in  replacing  an 
entire  steel  superstructure,  on  the  old  sub- 
structure, without  interrupting  traffic  on 
a  single-track  bridge.  4000  w.  Eng  Rec 
— April,  1909.     No.  3709.  I 

Roller  Bearings. 

Provision  for  Expansion  in  Bridges 
(Notes  sur  les  Appareils  de  Dilatation  des 
Ponts)..  A.  Nachtergal.  Discusses  the 
theoretical  considerations  in  providing  for 
expansion,  and  the  types  of  bearings  used. 
Ills.  2800  w.  All  Indus — March,  1909. 
No.  4228  D. 

Steel. 

The  Theory  of  Secondary  Stresses  in 
Trusses.  John  H.  Griffith.  Gives  a  sug- 
gested method  of  computation  for  Man- 
derla's  problem.  6000  w.  Mich  Tech — 
Feb.,  1909.     No.  4072  D. 

The  Erection  of  Girder  Bridges.  Frank 
W.  Skinner.  An  illustrated  article,  the 
present  number  considering  the  handling 
girders  at  the  shop,  loading  on  cars,  hand- 
ling at  bridge  site,  and  examples  of  erec- 
tion with  derricks.  4500  w.  Eng  Rec — 
April  10,  1909.    Serial,  ist  part.    No.  3863. 

Steel  Railroad  Bridges.  R.  G.  Man- 
ning. A  discussion  of  present  practice, 
dealing  with  location,  type,  loading,  speci- 
fications, design,  fabrication,  inspection, 
transportation,  erection  and  maintenance. 
General  discussion  follows.  8500  w.  Pro 
Ry  Club  of  Pittsburgh— Feb.  26,  1909. 
No.  3809  C. 

The  Erection  of  the  Susquehanna  River 
Bridge  of  the  Baltimore  and  Ohio  Rail- 
road. Illustrated  description  of  steel-truss 
bridge  work  at  Aikin,  Md.  3300  w.  Eng 
Rec — April  3,  1909.     No.  37 19- 

The  Atlantic  Avenue  Bridge  Extension, 
Boston.  Illustrated  detailed  description 
of  difficult  work.  2500  w.  Eng  Rec — 
April  3,  1909.     No.  3700. 

See  also  Manhattan,  Replacement,  Roll- 
er Bearings,  and  Viaducts,  under  Bridges. 

Trestles. 

A  Heavy  Reinforced-Concrete  Trestle. 
Illustrated  description  of  a  long,  high 
structure  at  Youngstown,  Ohio.  2000  w. 
Eng  Rec— April  3,  1909.    No.  3706. 

Viaducts. 

Erection  of  the  Arches  of  the  Mulberry 
Street  Viaduct,  Harrisburg.  Illustrates 
and  describes  the  construction  of  the  arch- 
es and  roadway  system  of  this  reinforced 
concrete  structure.  3800  w.  Eng  Rec — 
April  3,  1909.     No.  3690. 

Difficult  Erection  of  the  Providence 
Viaduct.  Illustrates  and  .describes  the 
construction  of  a  steel  viaduct  about  1,200 
ft.  long,  in  connection  with  improvements 
by  the  N.  Y.,  N.  H.  &  H.  R.  R.  3800  w. 
Eng  Rec— April  3,  1909.     No.  3702. 
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CONSTRUCTION. 
Boring. 

See  Wells,  under  Water  Supply. 
Building  Raising. 

Raising  Large  Brick  Buildings  in  Gal- 
veston, Texas.  Describes  methods  used 
in  raising  St.  Patrick's  Church,  and  the 
Broadway  School.  Ills.  1200  w.  Eng 
Rec — April  3,  1909.  No.  3697. 
Concrete. 

Concrete — Its  Aggregates  and  Mixing. 
William  Challoner.  Deals  with,  conditions 
inseparable  from  the  actual  work,  limit- 
ing the  discussion  to  coarser  component 
parts  of  concrete.  General  discussion. 
8500  w.  Surveyor — April  2,  1909.  No. 
3900  A. 

Practical  Methods  of  Concrete  Con- 
struction. C.  G.  Cline.  Brief  account  of 
things  needing  care  in  concrete  construc- 
tion. 2000  w.  Ap  Sci — March,  1909.  No. 
4093  c. 

Hints  for  Inspectors  of  Concrete  Work. 
The  first  of  a  series  of  articles  discussing 
the  more  important  duties  of  inspectors. 
1800  w.  Engng-Con — March  31,  1909. 
Serial,  ist  part.     No.  3680. 

Artistic  and  Commercially  Practical 
Surface  Finishes  for  Concrete  Work.  J. 
H.  Chubb.  Illustrated  article  showing 
what  can  be  accomplished  in  the  way  of 
producing  pleasing  surface  finishes  for 
concrete  work.  2200  w.  Eng  Rec — April 
3,  1909.     No.  3708. 

Concrete  Construction  for  Gun  Battery. 
Illustrated  detailed  description  of  work. 
2500     w.       Cement — March,     1909.       No. 

3925  c. 

See  also  Contractor's  Plant,  Regula- 
tions, and  Tunnels,  under  Construction  ; 
Sidewalks,  under  Municipal  ;  and  Shafts, 
under  MINING  AND  METALLURGY, 
Mining. 
Contractor's  Plants. 

A  Concrete  Plant  for  Rapid  Building 
Construction.  Illustrated  detailed  descrip- 
tion of  the  plant  for  a  concrete  building 
at  East  Norwood,  Ohio.  1500  w.  Engng- 
Con — April  21,  1909.     No.  4151. 

See    also    Reinforced    Concrete,    under 
Bridges  ;  and  Dams,  under  Water  Sup- 
ply. 
Cost  Keeping. 

A  Cost  Record  System  Used  for  Work 
Done  by  Day  Labor.  Describes  a  special 
cost  account  system  devised  by  C.  S.  Keat- 
ing for  work  in  Grand  Rapids,  Mich.  1800 
w.  Eng  News — April  8,  1909.  No.  3853. 
Domes. 

The  Schwedler  Dome,  Loads  and  Stress- 
es. A.  P.  Mills.  A  mathematical  discus- 
sion of  dead  load  and  wind  load  stresses. 
Diagrams.  3500  w.  Mich  Tech — Feb., 
1909.  No.  4070  D. 
Earthquake. 

Earthquakes  (Les  Tremblements  de 
Terre).      E.    Lemaire.     A    discussion    of 


construction  to  withstand  earthquake 
shocks  with  reference  to  the  disaster  at 
Messina.  Ills.  Serial,  ist  part.  7000  w. 
Genie  Civil— March  6,  1909.     No.  4233  D. 

The  Employment  of  Reinforced  Con- 
crete in  Localities  Subject  to  Earthquakes 
(Pensieri  sull'  Impiego  del  Cemento  ar- 
mato  in  Localita  soggette  a  terremoti). 
C.  Caveglia.  A  general  discussion  of  the 
applicability  of  this  material  to  structures 
in  earthquake  countries.  3,200  w.  Ann  d 
Soc  d  Ing  e  d  Arch  Ital — March  15,  1909. 
No.  4242  F. 

Earthquake  Construction  in  Reinforced 
Concrete  (Costruzioni  antisismiche  in  Ce- 
mento armato,  resistenti  ai  piu  forti  Ter- 
remoti). G.  Marrucchi  and  A.  Bruttini. 
A  mathematical  discussion  of  the  design 
of  concrete  structures  to  withstand  earth- 
quake shocks.  Ills.  4500  w.  Ann  d  Soc 
d  Ing  e  d  Arch  Ital— March,  1909.  No. 
4243  F. 

Foundations  to  Withstand  Earthquakes 
(La  Fondazioni  asismiche).  M.  Viscar- 
dini.  Describes  the  system  patented  by 
the  author.  3000  w.  Monit  Tech — March 
30,  1909.  No.  4290  D. 
Excavation. 

Plowing  as  a  Means  of  Classifying  Ex- 
cavation. Gives  the  opinion  of  the  In- 
diana Supreme  Court  on  this  subject  as 
rendered  in  a  recent  case.  4000  w.  Eng 
Rec — April  10,  1909.     No.  3860. 

See   also    Barge    Canal,   under   Water- 
ways   AND    Harbors  ;    and    Drills,    under 
MINING  AND   METALLURGY,  Min- 
ing. 
Failures. 

See  Tanks,  under  Water  Supply. 
Foundations. 

Foundations  for  Addition  to  Manhattan 
Life  Building,  New  York  City.  T.  Ken- 
nard  Thomson.  Illustrated  description  of 
methods  used  on  a  difficult  site.  6000  w. 
Can  Soc  of  Civ  Engrs — March  11,  1909. 
No.  4319  N. 

The  Design  of  Continuous  Foundations 
in  Reinforced  Concrete  (Contributo  al 
Calcolo  delle  Fondazioni  continue  in  Ce- 
mento armato).  A.  Danusso.  Mathemat- 
ical and  theoretical.  Ills.  Serial,  ist  pan. 
4500  w.  II  Cemento — Feb.  15,  1909.  No. 
4245  D. 

See  also  Earthquake,  and  Underpinning, 
under  Construction. 
Frame  Buildings. 

Methods  and  Cost  of  Constructing 
Frame  Cottages  and  Service  Buildings  for 
the  Camaguey,  Cuba,  Waterworks.  Henry 
A.  Young.  Describes  buildings  and  gives 
details  of  costs.  3000  w.  Engng-Con — 
April  14,  1909.  No.  3976. 
Hydraulic  Filling. 

See  Dams,  under  Water  Supply. 
Piles. 

Bearing  Power  of  Piles.  M.  C.  Hen- 
dry.   A  discussion  of  this  subject,  giving 
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opinions  of  experts.     Ills,     6500  w.     Can 
Engr — April  9,  1909.     No.  3877. 

See    also    Stations,    under    RAILWAY 
ENGINEERING,  Permanent  Way  and 
Buildings. 
Reclamation. 

See    Coast    Protection,    under    Water- 
ways and  Hakbors, 
Regulations. 

Regulations  for  the  Planning,  Execu- 
tion and  Testing  of  Concrete  Structures. 
Gives  the  regulations  adopted  for  Ger- 
many. 1500  w.  Cement — March,  1900. 
No.  3923  C. 

Draft  of  Regulations  for  Concrete  Con- 
struction (  Concept-Betonijzer-voorschrif  t- 
en).  The  text  of  the  regulations  pro- 
posed by  the  Dutch  Institute  of  Engineers. 
4800  w.  De  Ingenieur — Maixh  20,  1909. 
No.  4375  D. 
Reinforced  Concrete. 

Some  Practical  Ideas  on  Reinforced 
Concrete  Design.  Ernest  McCullough.  A 
talk  before  the  Civ.  Engng.  Soc.  of  Ar- 
mour Inst,  on  some  things  not  mentioned 
in  current  treatise,  such  as  deflection,  fac- 
tor of  safety,  etc.  5400  w.  Engng-Con — 
April  14,  1909.     No.  3973. 

Reinforced  Concrete  T-Beam  Tables. 
J.  Norman  Jensen.  Gives  a  table  for  de- 
termining the  area  of  steel  and  width  of 
reinforced  concrete  T-beams,  explaining 
its  preparation.  2000  w.  Eng  Rec — April 
10,  1909.     No.  3864. 

Evolution  of  Concrete  Reinforcement 
Harry  Franklin  Porter.  Read  before  the 
Nat.  Assn.  of  Cement  Users.  Considers 
the  development  of  steel  reinforcement. 
3300  w.  Cement — March,  1909.  No. 
3924  c. 

Unit  Costs  of  Reinforced  Concrete 
Building  Construction.  T.  Herbert  Files. 
Deals  with  labor  costs  only.  1200  w. 
Engng-Con — April  7,  1909.     No.  3870. 

The  Practical  Side  of  Reinforced  Con- 
crete Building.  Vere  Sussex  Hyde.  Il- 
lustrates and  describes  details  of  construc- 
tion of  importance  for  safety.  2000  w. 
Prac  Engr — April  9,  1909.  Serial,  ist 
part.    No.  3992  A. 

The  Cummins  Station  Warehouse. 
Nashville,  Tennessee.  A  reinforced-con- 
crete  frame,  floors  and  roof,  with  outside 
walls  of  brick.  Ills.  2500  w.  Eng  Rec 
— April  24,  1909.     No.  4171. 

The  Reconstruction  in  Reinforced  Con- 
crete of  the  Large  Manufacturing  Plant 
of  J.  B.  King  &  Co.,  Staten  Island,  N.  Y. 
Arthur  G.  Hoadley.  Illustrated  detailed 
description  of  interesting  methods.  3500 
w.     Eng  News — April  22,  1909.    No.  4161. 

Construction  of  the  Baxter  Building, 
Portland,  Maine.  Illustrated  description 
of  methods  used  for  a  reinforced  concrete 
frame  with  flat-slab  reinforced  concrete 
floors  and  brick  walls.  1300  w.  Eng  Rec 
— April  10,  1909.     No.  3862. 


Bank  of  Nova  Scotia,  Kingston,  Ja- 
maica. Robert  T.  H.  Sailman.  Describes 
points  of  interest  in  the  design  and  con- 
struction of  a  building  aiming  to  be  fire- 
proof and  secure  against  damage  by 
earthquake.  3000  w.  Can  Engr — April 
16,  1909.     No.  3995. 

The  General  Post-Office  Extension.  Il- 
lustrated detailed  description  of  an  im- 
portant reinforced  concrete  construction 
in  London.  2800  w.  Builder — April  3, 
1909.     Serial,  ist  part.     No.  3886  A. 

A  Concrete  Foundry  Building  in  Ger- 
many. H.  Prime  Kieffer.  Illustrated  de 
scription  of  a  simple,  inexpensive  and 
thoroughly  fireproof  reinforced-concrete 
structure.  1000  w.  Cement  Age — April, 
1909.     Serial,  ist  part.     No.  4081. 

Reinforced-Concrete  Construction  in 
the  Enlargement  of  the  Oberlenningen 
Paper  Mill  (Die  Eisenbetonkonstruktion- 
en  in  den  Erweiterungsbauten  der  Papier- 
fabrik  Oberlenningen,  Wiirttemberg) .  Il- 
lustrated description  of  heavy  factory  con- 
struction. 2800  w.  Beton  u  Eisen — March 
10,  1909.     No.  4283  F. 

See  also  Earthquake,  Foundations,  Reg- 
ulations, and  Retaining  Walls,  under  Con- 
struction ;  Dams  and  Purification,  under 
Water  Supply;  Docks,  Jetties,  and  Sea 
Walls,  under  Waterways  and  Harbors; 
Hydro-Electric,  under  ELECTRICAL 
ENGINEERING,  Generating  Stations; 
Poles,  under  ELECTRICAL  ENGI- 
NEERING, Transmission;  Timbering, 
under  MINING  AND  METALLURGY, 
Mining;  and  Stations,  under  RAILWAY 
ENGINEERING,  Permanent  Way  and 
Buildings. 

Retaining  Walls. 

A  Large  Concrete  Retaining  Wall.  Il- 
lustrated detailed  description  of  harbor 
work  in  Pittsburg.  2500  w.  Eng  Rec — 
April,  1909.     No.  3689. 

Stacks. 

A  Steel  Chimney.  Gives  points  in  fa- 
vor of  such  chimneys,  illustrating  a  re- 
cent type.  800  w.  Ir  &  Coal  Trds  Rev — 
April  2,  1909.    No.  3915  A. 

Steel. 

See  Domes,  under  Construction  ;  and 
Terminals,  under  RAILWAY  ENGI- 
NEERING, Permanent  Way  and  Build- 
ings. 

Tanks. 

Reservoirs  for  Petroleum  Dregs  for 
Rumanian  State  Railways.  From  Revue 
Gen.  des  Chemins  de  fer.  Illustration 
and  brief  description  of  novel  storage 
tanks.  500  w.  R  R  Age  Gaz — April  2i, 
1909.     No.  4156. 

Tunnel  Lining. 

Injection  of  Cement  Grout  in  the  Col 
des  Montets  Tunnel  on  the  Line  from 
Fayet  to  the  Swiss  Frontier  (Note  sur 
les  Injections  de  Ciment  pratiquees  dans 
le  Souterrain  du  Col  des  Montets,  Haute- 
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Savoie,  sur  la  Ligne  dii  Fayet  a  la  Fron- 
ticTc  Suisse).  E.  Nivert.  Describes  the 
apparatus  and  methods.  Ills.  5000  w. 
Rev  Gen  des  Cheniins  de  Fer — March, 
1909.     No.  4219  G. 

Tunnels. 

Tunnel  Driving  Records.  R.  L.  Her- 
rick.  A  comparison  of  methods  and 
speeds  in  America  with  other  countries. 
5500  w.     Mines  &  Min — April,  1909.     No. 

3675  c. 

Driving  Headings  in  Rock  Tunnels.  W, 
L.  Saunders.  Deals  especially  with  head- 
ing-driving, and  gives  tunneling  records 
for  America  and  Europe,  describing  meth- 
ods and  machines.  Ills.  8500  w.  Bui 
Am  Inst  of  Min  Engrs — April,  1909.  No. 
4084  F. 

Methods  and  Cost  of  Tunneling  on  the 
Alaska  Central  Railway.  Compiled  from 
a  paper  by  G.  A.  Kyle,  read  before  the 
Pacific  North-West  Society  of  Engrs. 
3500  w.     Engng-Con — April  7,  1909.     No. 

3873. 

The  Gunnison  Tunnel.  Frank  A.  New- 
ton. Describes  work  in  connection  with 
the  irrigation  system  of  the  LJncompahgre 
Valley  Project  in  the  arid  regions  of  the 
west.  Ills.  1600  w.  Wis  Engr — Feb., 
1909.     No.  4317  D. 

Roosevelt  Tunnel.  R.  L.  Herrick.  De- 
scribes the  successful  system  of  driving  a 
tunnel  through  unusually  hard  rock,  after 
it  had  been  given  up  by  three  contractors. 
Ills.  5500  w.  Mines  &  Min — April,  19139. 
No.  3670  C. 

Plant  for  Constructing  a  Concrete  Tun- 
nel Roadbed.  Describes  methods  of  con- 
struction used  on  the  second  Bergen  Hill 
tunnel,  by  the  D.  L.  &  W.  R.  R.,  at  Ho- 
boken,  N.  J.  1700  w.  Eng  Rec — April, 
IQ09.     No.  3,693. 

Underpinning. 

Underpinning  the  Homeopathic  Hospi- 
tal, Pittsburg  Explains  conditions,  and 
describes  methods  of  underpinning  this 
large  brick  building  while  making  the 
necessary  repairs.  Ills.  1200  w.  Eng 
Rec — April  3,   1909,     No.  3696. 

The  Knickerbocker  Trust  Building 
Substructure.  Describes  and  illustrates 
interesting  details  in  the  method  of  pro- 
tecting an  adjacent  structure,  while  erect- 
ing a  22-story  steel  cage  office  building  on 
soil  consisting  of  quicksand  underlaid 
with  a  stratum  of  hardpan.  4000  w.  Eng 
Rec — April  24,  1909.  No.  4169. 
Waterproofing. 

Waterproofing — An  Engineering  Prob- 
lem. Myron  H.  Lewis.  Explains  the 
meaning  of  the  term  in  its  broad  sense, 
and  the  importance  to  engineers,  discusses 
the  design  of  waterproof  systems,  and 
related  subjects.  Discussion.  16000  w. 
Pro  Engrs'  Club  of  Phila— Oct.,  1908. 
No.  4324  D. 


MATERIALS   OF   CONSTRUCTION. 

Brick. 

Tests  of  Brick  Columns  and  Terra  Cotta 

lilock  Columns.  Arthur  N.  Talbot  and 
Duff  A.  Abrams.  Describes  tests  made  of 
16  short  columns  of  brick  and  16  columns 
built  of  terra  cotta  blocks.  Ills,  iiooo  w. 
Univ  of  Ills,  Bui  No.  27 — Sept.  29,  1908. 
No.  3808  N. 
Cement. 

Portland  Cement  for  Use  in  the  Trop- 
ics. Richard  K.  Meade.  Reviews  an  article 
on  Portland  Cement  Testing  which  ap- 
peared in  "The  Philippine  Journal  of  Sci- 
ence," of  June,  1908,  combating  the  at- 
tempt to  show  that  a  special  cement  is 
demanded  for  use  in  the  tropics.  2500  w. 
Eng  News — April  8,  1909.     No.  3850. 

The  Behavior  of  Cement  towards 
Liquids  and  Metals  (Das  Verhalten  des 
Zements  gegen  Fliissigkeiten  und  Met- 
alle).  Dr.  Rohland.  A  discussion  of  the 
chemistry  of  hardening  in  hydraulic  ce- 
ments. 3000  w.  Zeitschr  d  Oest  Ing  u 
Arch  Vcr — March  19,  1909.  No.  4280  D. 
Cement  Blocks. 

The  Present  and  Future  of  the  Cement 
Block.  J.  Augustine  Smith.  Extracts 
from  a  paper  read  before  the  Nat.  Assn. 
of  Cement  Users.  Reviews  the  develop- 
ment of  this  material  and  considers  the 
outlook  promising.  3500  w.  Cement  Age 
— April,  1909.  No.  4080. 
Paving  Brick. 

Improvement  in  Manufacture  of  Paving 
Brick.     Diagrams  and   description   of  the 
Dunn  Cutting  device.     2000  w.     Contract 
Rec — April  14,  1909.     No.  4016. 
Reinforced  Concrete. 

Electrolysis  of  Reinforced  Concrete.  A. 
S.  Langsdorf.  Describes  experiments 
made  to  determine  the  electrolytic  behav- 
ior of  reinforced  concrete.  Ills.  1000  w. 
Jour  Assn  of  Engng  Socs — Feb.,  1909. 
No.  3961  C. 

The  Corrosion  of  Steel  Reinforcement 
in  Concrete.  Ernest  R.  Matthews.  De- 
scribes experiments  in  connection  with  the 
rusting  of  steel  in  concrete,  explaining 
in  detail  the  tests  made  by  the  writer,  and 
stating  conclusions.  4500  w.  Soc  of 
Engrs — April  5,  1909.     No.  4002  N. 

A  Test  of  Three  Large  Reinforced  Con- 
crete Beams.  Arthur  N.  Talboi.  De- 
scribes the  slabs  and  method  of  testing, 
and  gives  data.  Ills.  5000  w.  Univ  of 
Ills,  Bui  28 — Oct.  5,  1909.  No.  3931  N. 
Steel. 

Tests  of  Built-Up  Steel  and  Wrought- 
Iron  Compression  Pieces.  Arthur  N.  Tal- 
bot and  Herbert  F.  Moore.  Describes 
tests  giving  observations  on  the  results. 
Ills.  9800  w.  Pro  Am  Soc  of  Civ  Engrs 
— April.  T909.  No.  433S  F. 
Terra  Cotta. 

See  Brick,  under  M.\teri.\ls  of  Con- 
struction. 
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Timber. 

Afforestation  and  Timber- Planting  in 
Great  Britain  and  Ireland.  Dr.  J.  Nisbet. 
-Reviews  the  work  of  British  Commissions 
appointed  to  deal  with  this  question,  ex- 
plains the  present  situation,  and  discusses 
the  possibilities.  General  discussion.  lo- 
000  w.  Jour  Soc  of  Arts — March  26,  1909. 
No.  3771  A. 

Timber  Preservation.  , 

The  Preservative  Treatment  of  Timbers 
Used  by  Electric  Traction  Companies.  J. 
M.  Nelson.  Read  at  meeting  of  Cent. 
Elec.  Ry.  Assn.  Considers  the  causes  of 
decay  and  the  principles  of  its  prevention, 
illustrating  wood-preserving  plants.  3500 
w.  Elec  Ry  Jour — April  3,  1909.  No. 
3668. 

The  Strength  of  Treated  Mine  Timbers 
(Ueber  die  Eigenschaften  impragnierter 
Grubenholzer,  insbesondere  iiber  ihre  Fes- 
tigkeit).  D.  Stens.  Gives  results  of  tests 
on  various  woods  treated  with  various 
preservatives.  4200  w.  Gliickauf — March 
6,  1909.     No.  4261  D. 

MEASUREMENT. 

Current  Meter. 

Current  Meter  Rating.  Francis  C. 
Shenehon.  Describes  the  calibration  or 
ra,ting  of  the  current  measuring  instru- 
ment or  meter.  Ills.  4500  w.  Minn  Engr 
— March,   1909.     No.  4061   C. 

Oatum  Plane. 

The  Datum  Plane.  Otto  Klotz.  Dis- 
cusses the  subject  from  the  points  of  view 
of  the  intellectual  datum  plane  ano  the 
physical  datum  plane,  referring  to  specific 
work  depending  on  it.  7500  w.  Pro  Soc 
of  Ap  Sci — Session  1908-1909.  No.  4094  C 

Latitude. 

The  Determination  of  Latitude.  L.  B. 
Stewart.  Brief  account  of  the  principal 
methods  which  are  adapted  to  the  use  of 
the  surveyor's  transit  or  the  sextant,  with 
brief  reference  to  precise  methods.  4000 
w.    Ap  Sci — March,  1909.    No.  4090  C. 

Mensuration. 

Volumes  of  Segments  Cut  from  Cones : 
A  Problem  in  Estimating  Storage  Piles. 
Charles  A.  Gilchrist.  Mathematical.  1000 
w.    Eng  News — April  29,  1909.     No.  4357. 

Surveying. 

Some  Extensive  Railroad  Surveys  and 
Their  Cost  per  Mile.  W.  S.  McFetridge. 
Gives  an  outline  of  methods  and  results, 
and.  the  cost  of  surveys  in  West  Virginia 
and  Ohio.  Maps.  5800  w.  Pro  Am  Soc 
of  Civ  Engrs — April,  1909.  No.  4334  E. 
MUNICIPAL. 

Pavements. 

The  Construction  of  an  Asphalt  Street. 
Isaac  Van  Trump.  From  an  address  at 
the  Univ.  of  Notre  Dame,  Ind.  Describes 
the  methods  of  construction.  1500  w. 
Munic  Engng — April,  1909.    No.  3819  C. 

See  also  Paving  Brick,  under  Mate- 
rials OF  Construction. 


Refuse  DisposaL 

The  Design  and  Working  of  a  Modern 
Destructor.  William  F,  Loveday.  Read 
before  the  Incor.  Assn.  of  Munic.  and  Co. 
Engrs.  Considers  recent  development  and 
progress,  giving  the  working  and  results. 
General  discussion.  7500  w.  Surveyor — 
April  9,  1909.    No.  4027  A. 

Electricity  Works  and  Refuse  Destruc- 
tors. J.  A.  Robertson.  Abstract  of  paper 
before  the  Glasgow  Sec.  Aims  to  show 
the  benefits  from  the  combination  of  elec- 
tricity works  and  refuse  destructors  un- 
der certain  conditions.  4000  w.  Elec 
Engr,  Lond — April  16,  1909.    No.  4190  A. 

Specifications  and  Bids  for  an  Inciner- 
ating and  Power  Generating  Plant  for 
Milwaukee,  Wis.  Information  in  regard 
to  this  plant,  with  specifications  and  edi- 
torial. 4500  w.  Eng  News — April  22, 
1909.     No.  4164. 

The  Utilization  and  Disposal  of  De- 
structor Clinker.  E.  R.  Sutcliffe.  Gives 
suggestions  as  to  how  this  material  may  be 
disposed  of  to  the  best  advantage.  Ills. 
3000  w.  Surveyor — March  26,  1909.  No. 
3781  A. 
Roads. 

Concave  v.  Convex  Roads.  Harold 
Turner,  Examines  the  advantages  and 
disadvantages  of  both  formations.  2500  w. 
Surveyor — April  16,  1909.     No.  4197  A. 

The  Theory  of  Economical  Road  and 
Street  Design.  Begins  a  study  of  the  sci- 
entific method  of  designing  a  road.  1200 
w.  Engng-Con — April  14,  1909.  Serial 
I  St  part.     No.  3974. 

The  Top  Soil  Method  of  Highway  Con- 
struction. C.  M.  Strahan.  Gives  methods 
and  details  of  construction  as  applied  ni 
Georgia,  reporting  satisfactory  results. 
2000  w.     Eng  Rec — April  24,   1909.     No. 

4173- 

French  Roads  and  Roadmaking.  Francis 
Miltoun.  Information  of  interest,  as 
France  is  noted  for  excellent  roads.  Ills. 
2200  w.  Autocar — April  3,  1909.  Serial. 
1st  part.    No.  3893  A. 

The  Use  of  Tar,  Oils  and  Emulsions  on 
Macadam  and  Earth  Roads.  A.  R.  Hirst. 
Abstract  of  a  paper  before  the  Soc.  of 
Wis.  Engrs.  Brief  description  of  methods 
of  dust  prevention  and  wear.  2200  w. 
Engng-Con — April   14,   1909.     No.  3975. 

Sewage  Disposal. 

Proposed  Method  of  Discharging  Sew- 
age from  the  Passaic  Valley  Into  New 
York  Bay.  Descriptive.  900  w.  Eng 
Rec — April  10,  1909.     No.  3865. 

Sewage  Purification  Works  at  Mt.  Ver- 
non, N.  Y.  George  L.  Robinson.  Illus- 
trates and  describes  features  incident  to 
the  location  of  sewage-treatment  works 
near  a  built-up  section  of  the  city.  1700  w. 
Engng  News — April  29,  1909.  No.  4361. 
Sewers. 

Planning   the    Clinton    Sewers.      C.    P. 
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k Chase.  From  a  paper  before  the  Iowa 
See.  of  Engrs.  An  account  of  the  surveys 
made  and  statistics  gathered  for  planning 
a  sewer  system.  1700  w.  Munic  Engng — 
April,  1909.     No.  3818  C. 

Sewerage  and  Drainage  Improvements 
at  Cairo,  Illinois.  Illustrates  and  de- 
scribes sewers  for  a  city  at  the  junction  of 
the  Ohio  and  Mississippi  rivers,  and  so 
needing  protection  from  floods.  1800  w. 
Eng  Rec — April  17,  1909.  No.  4014. 
Sidewalks. 

Failures  in  Concrete  -Sidewalks  and 
How  to  Correct  Them.  L.  J.  Riegler. 
From  a  report  to  the  Pennsylvania  Co. 
An  illustrated  study  of  causes  and  reme- 
dies. Also  standard  specifications  of  the 
Nat.  Assn.  of  Cement  Users.  3500  w.  Eng 
News — April  t,  1909.     No.  3757. 

WATER  SUPPLY. 
Aqueducts. 

Construction  Work  en  the  Los  Angeles 
Aqueduct.  E.  W.  Bannister.  Brief  out- 
line of  the  project  and  description  of  the 
aqueduct,  illustrating  and  describing  the 
progress  made  in  1008.  4500  w.  Eng 
Rec — April  3,  1909.     No,  3699. 

Artesian  Waters. 

The  Brown  Artesian  Waters  of  Costilla 
County,  Colo.,  their  Relations  to  Certain 
Deposits  of  Natron  or  Soda,  and  What 
They  Teach.  William  P.  Hcadden.  A 
study  of  a  basin  yielding  brown  waters, 
surrounded  by  a  supply  of  colorless  water. 
4000  w.  Am  Jour  of  Sci — April,  1909. 
No.  3804  D. 
Dams. 

Concerning  the  Gatun  Dam  and  Earth 
Dams  in  General.  An  illustrated  explana- 
tion of  conditions  and  construction  de- 
tails at  Gatun,  and  a  study  of  the  prin- 
ciples of  earth  dam  design.  5000  w.  Eng 
News — April  i,  1909.  No.  3761. 
,  Hydraulic    Dam    Construction    on    the 

Conconully  Dam,  Washington.  D.  C. 
I  Henry.  Describes  the  experience  and 
I  difficulties  niet  in  constructing  by  the  hy- 
draulic process  this  earth  fill  dam  located 
in  Washington  and  forming  a  part  of  the 
Okanogan  project.  Ills.  4500  w.  Eng 
Rec — April  3,   T909.     No.  3687. 

The  Arrowhead  Hydraulic  Fill  Dam. 
F.  C.  Finkle.  Illustrated  description  of 
the  construction  in  California  of  the  high- 
est earth  dam_  in  the  w^orld.  1800  w.  Eng 
Rec — April  3,  1909.     No.  3716. 

The  Undermining  of  a  Reinforced-Con- 
crete  Dam  at  Pittsfield,  Mass.  Gives 
drawings  and  points  of  engineering  inter- 
est in  the  undermining  of  the  Ashley  dam, 
and  the  possible  methods  of  repair.  3000 
w.     Eng  News — April  i,  1909.     No.  3758. 

The  Pipen  Brook  Dam.  Illustrated  de- 
scription of  a  concrete  dam  near  Stan- 
wich.  Conn.  1000  w.  Eng  Rec — April  3, 
1909.     No.  3695.  ^ 

The    Construction    Work    of   the    New 
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Dam  of  the  Bellows  Falls  Canal  Company, 
Howard  vS.  Knowlton.  Describes  plan  and 
construction  of  a  concrete  dam  across  the 
Connecticut  River.  Ills.  2500  w.  Eng 
Rec — April  3,  1909.    No.  3718. 

The  La  Prele  Dam.  Illustrated  de- 
scription of  an  open-front  hollow  rein- 
forced-concrete  dam  being  constructed  as 
a  part  of  an  irrigation  project  in  Wyo- 
ming. 2000  w.  Eng  Rec — April  3,  1909. 
No.  3688. 

The  Olive  Bridge  Dam  Concrete  Plant. 
Illustrated  description  of  the  plant  in- 
stalled for  the  construction  of  this  dam  for 
the  Ashokan  reservoir  in  the  Catskill  Mts. 
It  will  be  one  of  the  largest  and  highest 
masonry  dams  in  the  world.  2000  w.  Eng 
Rec — April  3,  1909.    No.  3691. 

See   also    Barge    Canal,    under   Water- 
ways AND  Harbors. 
Flume  Gaging. 

An  Approximate  Method  for  Flume 
Gaging,  Henry  J.  Kesncr.  The  discus- 
sion is  limited  to  an  adaptation  of  the 
methods  outlined  to  the  case  of  rectangu- 
lar flumes.  2000  w.  Minn  Engr — March, 
1909.  No.  4066  C. 
Ground  Waters. 

Detecting  Underground  Streams  with 
an  Ear-Trumpet.  Illustrated  description 
of  a  new  apparatus  based  on  the  principle 
of  the  "acoustele."  800  w.  Sci  Am — 
April  TO,  1909.  No.  3837. 
Intakes. 

See  Pipe  Lines,  under  Water  Supply  ; 
and  Turbine  Plants,  under  MECHAN- 
ICAL ENGINEERING,  Hydraulic  Ma- 
chinery. 

Irrigation. 

Irrigation  Works  in  the  Haw^aiian  Is- 
lands. M.  M.  O'Shaughnessy.  An  illus- 
trated account  of  the  extensive  develop- 
ment of  irrigation  projects  to  furnish 
water  for  the  sugar-cane  lands.  5000  w. 
Eng  News — April  15,  1909.     No.  3977. 

See  also  Tunnels,  under  Construction; 
and  Pumping  Plants,  under  MECHAN- 
ICAL ENGINEERING,  FIydraulic  Ma- 
chinery. 

Pipe  Lines. 

The  Construction  of  the  Submerged  In- 
take of  the  Gary,  Indiana,  Water  Works. 
Illustrated  detailed  description  of  unusual 
methods  used  in  constructing  this  intake 
in  Lake  Michigan.  3500  w.  Eng  Rec — 
April  TO,  1909.     No.  3857. 

Laying  Submerged  Pipe  for  the  Fort 
Greble  Water  Suppl,v.  Illustrated  de- 
scription of  work  in  Narragansett  Bay. 
2000  w.  Eng  Rec — April  3,  1909.  No. 
3692. 

Constructing  a  Line  of  Steel  Pipe,  12^ 
Feet  in  Diameter.  Illustrated  description 
of  methods  of  constructing  a  pipe  line  for 
the  hydro-electric  plant  of  the  Schenec- 
tady Power  Co.  2200  w.  Eng  Re«— 
April  3,  1909.     No.  3701. 
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Pipes. 

The  Strength  of  Oval  Pipes  under  In- 
ternal or  External  Fluid  Pressure  (Fes- 
tigheit  von  ovalen  Rohren  gegen  inneren 
oder  aussercn  Fliissigkeitsdruck).  M. 
Westphal  and  J.  Schmidt.  Tw^o  short 
mathematical  notes.  Ills.  3000  w. 
Zeitschr  d  Ver  Deutscher  Ing — March  6, 
1909.  No.  4292  D. 
Purification. 

The  Storage  of  Raw  River  Water.  In- 
formation from  the  third  report  of  Dr. 
A.  C.  Houston  to  the  Metropolitan  Water 
Board,  giving  results.  1800  w.  Engr,  Lond 
— April  9,  1909.     No.  4038  A. 

The  Construction  of  the  Water  Puri- 
fication and  Softening  Works  at  New 
Orleans.  Illustrated  description  of  a 
plant  for  purifying  the  Mississippi  River 
water,  largely  constructed  of  reinforced 
concrete.  5800  w.  Eng  Rec — April  3, 
1909.  No.  3715. 
Reservoirs. 

The  New  Croton  Falls  Reservoirs.  Il- 
lustrates and  describes  interesting  details 
in  connection  with  the  15-billion  gallon 
reservoir  for  the  supply  of  New  York 
City.  1200  w.  Sci  Am — May  i,  1909.  No. 
4329. 
Tanks. 

Failure  of  Two  Iron  Water  Tanks  at 
Parkersburg,  W.  Va.  William  M.  Hall. 
Brief  illustrated  description  of  the  failure 
on  March  19,  1909.  2000  w.  Eng  News — 
April  I,  1909.  No.  3760. 
Typhoid  Fever. 

See  Washington,  D.  C,  under  Water 
Supply. 

Vancouver. 

A  New  Water-Supply  for  the  City  of 
Vancouver,  B.  C.  H.  M.  Burwell.  Illus- 
trated description  of  the  chief  features  of 
the  Seymour  Creek  system,  now  nearing 
completion.  3000  w.  Eng  News — April 
I,  1909.  No.  3756. 
Washington,  D.  C. 

Sedimentation  of  the  Water  Supply  and 
Its  Relation  to  Typhoid  Fever  in  Wash- 
ington,   D.    C.      Francis    F.    Longley.      A 
statement  of  new  facts  bearing  upon  this 
subject.     4000  w.     Eng  News — April  22, 
1909.     No.  4160. 
Water  Meters- 
Water  Meters.    J.  J.  Traill.     Illustrates 
and  describes  types.     1500  w.     Ap  Sci — 
March,  1909.    No.  4092  C. 
Water  Works. 

New  Bedford  Water  Works.  Interest- 
ing information  from  the  annual  report 
for  T908.  Ills.  2800  w.  Munic  Jour  & 
Engr — April  7,   1909.     No.  3795. 

See  also  Central  Stations,  under  ELEC- 
TRICAL ENGINEERING,   Generating 
Stations. 
Water- Works  Valuation. 

The  Valuation  for  City  Purchase  of  the 
Property   of   the   Waterloo    (la.)    Water- 


Works    Co.      A.    Marston.      General    ex- 
planation   with    abstract    of    explanatory 
report.     1600    w.     Eng    News — April  22, 
1909.     No.  4158. 
Wells. 

Methods  of  Deep  Well  Drilling  in  the 
Gulf  of  Mexico  Costal  Plain.  Illustrates 
and  describes  a  number  of  methods  used. 
1500  w.  Engng-Con — April  7,  1909.  No. 
3871. 

WATERWAYS  AND  HARBORS. 

Barge  Canal. 

The  New  York  Barge  Canal.  Theron 
M.  Ripley.  Brief  review  of  the  history 
and  progress  of  this  project.  Ills.  4000 
w.  Jour  Assn  of  Engng  Socs — Feb.,  1909. 
No.  3963  C. 

Construction  Work  on  the  New  York 
State  Barge  Canal.  Illustrated  descrip- 
tion of  work  on  a  number  of  contracts,  the 
dredging  and  excavating  equipment, 
methods,  dams,  locks,  etc.  19600  w.  Eng 
Rec — April  3,  1909.     No.  3712. 

Chicago. 

The  Engineering,  Commercial  and  Ad- 
ministrative Problems  of  Harbor  De- 
velopment at  Chicago.  Editorial  review 
of  report  of  a  commission  to  investigate 
the  facilities  and  the  relations  of  the  har- 
bor to  the  railway  terminals.  3500  w.  Eng 
News — April  29,  1909.     No.  4363. 

Coast  Protection. 

Reclamation  and  Development  of  the 
New  Jersey  Coast.  George  L.  Watson. 
Describes  reclamation  of  meadowland  and 
beach  protection  at  Five  Mile  Beach,  New 
Jersey.  Ills.  2500  w.  Can  Soc  of  Civ 
Engrs — April  15,  1909.     No.  4320  N. 

Cofferdams. 

The  Black  Rock  Lock  Cofferdam.  Il- 
lustrates and  describes  the  construction  at 
Buffalo,  N.  Y.,  of  an  unbraced  steel  and 
puddle  coft'erdam  in  which  a  concrete  ship 
lock  will  be  constructed.  2200  w.  Eng 
Rec — April  3,  1909.     No.  3694. 

Colorado  River. 

The  Colorado  River  Breach  and  Clos- 
ure.. An  illustrated  account  of  the  break 
in  1906,  that  flooded  the  Salton  Basin, 
and  the  attempts  and  final  success  in  clos- 
ing it.  2500  w.  Engr,  Lond — April  9. 
1909.    No.  4037  A. 

Detroit  River. 

Progress  on  the  Improvement  of  the 
Detroit  River.  Describes  the  work  of  in- 
creasing the  channel  depth,  the  methods 
employed,  etc.  5700  w.  Eng  Rec — April 
3,  1909.     No.  3703. 

Docks. 

A  Heavy  Concrete  Dock  on  the  Cuya- 
hoga River,  Cleveland.  Explains  con- 
ditions and  illustrates  and  describes  the 
dock.  1500  w.  Eng  Rec — April  3,  1909. 
No.  3711. 

Dredging. 

See  Barge  Canal,  under  Waterways 
AND  Harbors. 
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Dry  Docks. 

Floating  or  Stationary  Dry  Docks 
(Schwimmdock  odcr  Trockcndock).  Herr 
Thalenhorst.  A  discussion  of  their  rela- 
tive advantages  in  various  situations.  Ills. 
3300  w.  Zeitschr  d  Ver  Deutscher  Ing — 
March  27,  1909.  No.  4298  D. 
Floods. 

High-Water  Marks.  Francis  W.  Black- 
ford. An  illustrated  account  of  destruc- 
tion caused  by  unusually  high  water  in 
Mexico.  700  w.  Jour  Assn  of  Engng 
Socs — Feb.,  1909.  No.  3964  C. 
Harbors. 

Some  Experiences  With  Tides  and 
Waves.  H.  A.  Russell.  Relates  some 
experiences  in  building  upon  sands  in  har- 
bor work.  3500  w.  Can  Engr — April  9, 
1909.    No.  3878. 

Building  a  Harbor.  Charles  F.  Holder. 
Remarks  on  the  lack  of  safe  harbors  on 
the  Californian  Coast,  with  illustrated  de- 
scription of  government  work  in  progress 
at  San  Pedro.  1200  w.  Int  Marine  Engng 
— April,  1909.     No.  3683  C. 

Ice  Jams. 

Extraordinary  Ice  Jams  at  Niagara 
Falls.  An  illustrated  account  of  the  un- 
usual conditions  in  February  and  the 
blasting  to  break  the  glacier.  Plate.  2800 
w.    Eng  News — April  29,  1909.    No.  4355. 

Jetties. 

A  Complicated  Reinforced  Concrete 
Jetty-Head,  Thames  Haven,  Eng.  Views 
and  short  description.  700  w.  Eng  News 
— April  22,  1909.     No.  4165. 

Liverpool. 

Barriers  to  International  Trade.  Lewis 
M.  Haupt.  An  illustrated  description  of 
harbor  problems  at  the  port  of  Liverpool 
is  given.  A  second  paper  will  discuss  the 
harbor  of  New  York.  4000  w.  Cassier's 
Mag — April,  1909.  Serial,  ist  part.  No. 
3639  B. 

Locks. 

See  Barge  Canal,  under  Waterways 
AND  Harbors. 

Missouri  River. 

The  Missouri  River  and  Its  Bridges. 
J.  Y.  Oleson.  Describes  the  character- 
istics of  this  river,  and  gives  diagrams  and 
dimensions  of  the  31  bridges  crossing  it. 
1200  w.  Eng  News — April  29,  1909.  No. 
4358. 

New  York. 

See  Liverpool,  under  Waterways  and 
Harbors. 

Niagara  River. 

Hydraulic  Measurements  in  the  Amer- 
ican Channel  at  Niagara  Falls.  Otta  S. 
Zelner.  Deals  with  a  study  in  the  Amer- 
ican channel  of  the  conditions  arising 
from  water  diversions  above  the  Falls. 
Ills.  3500  w.  Mich  Tech— Feb.,  1909. 
No.  4073  D. 

Panama  Canal. 

The     Situation     at     Panama.       Forbes 


Lindsay.  A  review  of  the  plan  and  con- 
ditions, sanitation,  labor,  etc.  Ills.  3500 
w.  Am  Rev  of  Rev — April,  1909.  No. 
3810  C 

The  Panama  Canal.  Jamei  P.  Stabler. 
A  review  of  the  various  projects  for 
building  a  ship  canal  across  the  Isthmus 
and  some  features  of  the  present  work. 
3000  w.  Mfrs  Rec— April  8,  1909.  No. 
3822. 
River  Beds. 

The  Form  of  the  Beds  of  Rivers  with 
Shifting  Bottoms  (La  Forma  dell'Alves 
dei  Fiumi  a  Fondo  mobile).  G.  Crugnola. 
A  discussion  of  M.  L.  Fargue's  book  on 
the  subject.  3500  w.  Monit  Tech — March 
10,  1909.  No.  4244  D. 
River  Improvement. 

The  Improvement  of  the  Southwest 
Pass  at  the  Mouth  of  the  Mississippi 
River.  Illustrated  description  of  the  jetties 
built  to  increase  the  navigable  depth.  3500 
w.  Eng  Rec— April  3,  1909.  No.  3713. 
River  Pollution. 

River  Pollution:  Its  Ethics,  Aesthetics 
and  Hygiene.  A  discussion  at  the  Royal 
Sanitary  Institute,  opened  by  Mr.  Scott- 
Moncrieff.  6000  w.  Surveyor — April  16, 
1909.  No.  4198  A. 
Sea  Walls. 

Construction  of  a  Sea  Wall  at  Fort 
Morgan,  Alabama.  Illustrated  description 
of  the  new  concrete  wall  protecting  the 
entrance  to  Mobile  Bay.  2500  w.  Eng  Rec 
— April  24,  1909.    No.  4170. 

Building  a  Sea  Wall  on  a  Sloping  Rock 
Bottom.  Illustrated  description  of  bulk- 
head wall  work  on  the  East  River  at  New 
York.  4500  w.  Eng  Rec — April  10,  1909. 
No.,  3858. 
Weirs. 

An  Investigation  of  the  Coefficients  of 
Discharge  of  Thin-Edged  Weirs  with  Full 
End  Contractions  Discharging  Water  Un- 
der Low  Heads.  Hans  von  Vittinghoff, 
Victor  von  Starzenski,  and  W.  Roland 
Wiley.  Descriptive.  Ills.  3000  w.  Ste- 
vens Ind — Jan.,  1909.     No.  3812  D. 

MISCELLANY. 
Australia. 

Engineering  in  Australia ;  Pioneering  a 
Continent.  Jas.  Alex.  Smith.  Pres.  ad- 
dress before  the  Victorian  Inst,  of  Engrs. 
A  critical  discussion  of  the  engineering 
administration.  2500  w.  Aust  Min  Stand 
— March  17,  1909.  Serial,  ist  part.  No. 
4188  B. 

Caisson  Disease. 

Caisson  Disease  and  Its  Prevention. 
Henry  Japp.  An  account  of  methods  tried 
during  the  building  of  the  East  River  tun- 
nels at  New  York  City.  Ills.  6000  w.  Pro 
Am  Soc  of  Civ  Engrs — April,  1909.  No. 
4336  E. 

History, 

'Ihe  Engineer's  Work  in  the  West,  at  an 
Early    Day    and    During    the    Civil    War. 
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Gen.  Grenville  M.  Dodge.  A  review  of 
the  writer's  experience  previous  to  and 
during  the  Civil  War,  and  in  building  the 
Union  Pacific.  7000  w.  Jour  W  See  of 
Engrs — Feb.,  1909.  No.  3296  D. 
Photography. 

Engineering  Photography.  William 
Munson  Christie.  Discusses  progress  in 
photography   in   general   and   feaiares  of 


engineering   photography.     Ills.      2500  w. 
Eng  Rec — April  3,  1909.     No.  3717. 
Tropics. 

Suggestions  for  the  Conduct  of  Engi- 
neering Work  in  the  Tropics.  Robert 
Burgess.  Discusses  the  various  phases  of 
the  labor  problem  and  the  methods  and 
equipment.  6000  w.  Eng  News — March 
II,  1909.   No.  3101. 


ELECTRICAL  ENGINEERING 


COMMUNICATION. 

Radio-Telegraphy. 

Directed  Wireless  Telegraphy.  F.  Kie- 
bitz.  Abstract  trans,  from  Ver.  der  Deut- 
scher  Phys,  Gesellschaft.  Describes  ex- 
periments. 1500  w.  Elect'n,  Lond — April 
3,  1909.   No.  3899  A. 

Wireless    Telegraphy    in    the    American 
Republics.    An  illustrated  review  of  prog- 
ress.  3000  w.    Bui  Am  Reps — April,  1909. 
No.  3930  N. 
Radio-Telephony. 

Wireless  Telephony  (La  Telephonic 
sans  Fil).  The  first  part  discusses  the  gen- 
eral theory.  Ills.  Serial,  ist  part.  2800  w. 
Genie  Civil — March  13,  1909.    No.  423s  D. 

Wireless  Telephony  (La  Telephony  sans 
Fil).    C.  Tissot.    A  general  review  of  its 
history  and   present   state.    Ills.    6000  w. 
Tech  Mod — March,  1909.   No.  4229  D. 
Telephone  Exchanges. 

The  Automatic  Telephone  Central. 
Snowden  B.  Redfield.  Describes  new 
automatic  apparatus  and  its  operation. 
Ills.  4500  w.  Am  Mach— Vol.  32,  No. 
16.    No.  4104. 

DISTRIBUTION. 

Current  Rectifiers. 

Recent  Applications  of  the  Mercury-Arc 
Rectifier.  P.  D.  Wagoner.  Explains  the 
theory  and  describes  some  of  the  applica- 
tions. Ills.  2000  w.  Stevens  Ind — Jan., 
1909.  No.  3813  D. 
Insulation. 

Insulating  Materials.  Thomas  Germann 
and  Stanley  M.  Hills.  Abstract  of  a  paper 
on  "The  Use  of  Dielectrics  and  the  Prin- 
cipal Tests  Applied  to  Them,"  read  before 
the  Jun.  Inst,  of  Engrs.  Examines  the 
qualities  of  a  good  insulator  and  discusses 
some  of  the  materials  used.  3000  w.  Mech 
Engr — April  9,  1909.  No.  4030  A. 
Wiring. 

The  Wiring  Problem  in  Its  Relation  to 
Electricity  Supply.  Discusses  present  con- 
ditions in  England,  and  the  present  wiring 
systems,  suggesting  improvements  needed 
and  describing  recent  systems  tried.  3300 
w.  Elect'n,  Lond — April  2,  1909.  No. 
3897  A. 

Louisiana  Electricians'  Licensing  Law. 
T.   S.   McLoughlin.    A  criticism  and  dis- 


cussion of  the  1908  State  law  licensing 
electricians.  2000  w.  Elec  Wld — April  15, 
1909.   No.  3945. 

Wiring  of  the  Babbitt  Soap  Factory  at 
Babbitt,  N.  J.  Illustrated  detailed  descrip- 
tion of  the  wiring  of  a  group  of  factory 
buildings  for  power  and  lighting.  1500  w. 
Elec  Wld — April  i,  1909.    No.  3750. 

DYNAMOS  AND  MOTORS. 

A.  C.  Dynamos. 

The  E.  M.  F.s  Induced  in  the  Exciting 
Winding  of  Single-Phase  Alternators.  H. 
Briihn.  Abstract  from  Elcktrotechnik  und 
Mas  chin  cnbau.  Gives  results  of  investiga- 
tions showing  that  in  addition  to  the  e.  m. 
f.  which  appears  at  the  slip-rings  other 
e.  m.  f.s  exist  inside  the  windings.  1500 
w.  Elect'n,  Lond — April  16,  1909.  No. 
4196  A. 
A.  C.  Motors. 

Single  -  Phase  Commutator  Motors 
(Eenphase  -  wisselstroom  -  collectormotor- 
en).  C.  Feldmann,  K.  H.  Haga  and  C. 
Noome.  A  review  of  their  theory  and 
development  and  of  present  types.  Ills. 
Serial,  ist  part.  12400  w.  De  Ingenieur 
— March  20,  1909.  No.  4376  D. 
Automobile  Motors. 

See    Electric,    under    MECHANICAL 
ENGINEERING,  Automobiles. 
Commutators. 

The  Performance  of  a  Synchronous 
Commutator.  J.  B.  Whitehead  and  L.  O. 
Grondahl.  An  account  of  a  series  of  ex- 
periments on  a  synchronously  rotating 
commutator  supplied,  through  collector 
rings,  with  alternating  e.  m.  f.  Ills.  4000 
w.  Elec  Wld- -April  15,  1909.  No.  3944. 
Condensers. 

Condensers  of  Large  Capacity  (Kon- 
densatoren  groszer  Kapazitat).  Gi^inther 
Schulze.  A  discussion  of  their  uses,  con- 
struction and  operation.  Ills.  3200  w. 
Elektrotech  u  Maschinenbau — March  14, 
T909.  No.  4286  D. 
D.  C.  Motors. 

Reversing  Direct-Current  Machines.    F. 

P.  M'Dermott,  Jr.    Shows  the  application 

of  some  rules  for  studying  these  problems. 

t6oo  w.   Power — April  13,  1909.   No.  3921. 

Induction  Motors. 

The  "Spinner"  Induction  Motor.    Illus- 
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tratcs  and  describes  this  recent  develop- 
ment in  variable  speed  indnction  motors, 
p^ivinp^  some  applications.  1500  w.  Engr, 
Lond — April  9,  1909.    No.  4041  A. 

Investif?ation  and  Calculation  of  the  Ad- 
ditional Iron  Losses  in  Induction  Motors. 
O.  S.  Bragstcd  and  Fraenckel.  Abstract 
trans,  from  Elektrochemischc  Zeit.  Inves- 
tigates the  origin  of  those  losses  and  de- 
duces formulae  for  calculating  the  same. 
T500  w.  Klcct'n,  Lond — April  2,  1909.  No. 
^?^  A. 
Railway  Motors. 

Faults  on  Tramcar  Motors.  Spencer 
Robinson.  Deals  with  the  most  practical 
means  of  locating  the  faults  and  repairing 
the  damage.  1500  w.  Elec  Rev,  Lend — 
April  2,  1909.    No.  3896  A. 

Single  Phase  Railway  Motors  (Les  Al- 
termotours  monophases  de  Traction).  M. 
Henry.  An  illustrated  description  of  the 
various  types,  with  details  of  the  lines  on 
which  they  are  used.  Serial,  Tst  part.  1500 
w.   Elecn — March  20,  1909.    No.  4225  D. 

ELECTRO-CHEMISTRY. 

Calcium  Carbide. 

The  Manufacture  of  Calcium  Carbide. 
A  detailed  description  of  the  calcium-car- 
bide factory  at  Odda,  Norway.  Ills.  4000 
w.  Engng — March  26,  1909.  Serial,  1st 
part.     No.  3786  A. 

Calcium  Carbide  (Le  Carbure  de  Cal- 
cium). R.  Piiaval.  Discusses  the  eco- 
nomics of  its  manufacture.  2800  w.  Genie 
Civil — March  27,  1909.     No.  4237  D. 

Calcium  Cyanamide. 

The  Manufacture  of  Cyanamide  in 
Erarice  and  Its  Use  in  Agriculture  (La 
Cyanamide,  la  Fabrication  frangaise,  son 
Role  agricole).  Ch.  Pluvinage.  A  gen- 
eral review  of  manufacture,  properties, 
and  uses.  111.  4000  w.  Bui  Soc  d'Encour 
— March,  T909.     No.  4218  G. 

Corrosion. 

The  ProtccHon  of  Iron  and  Steel  from 
Corrosion.  William  H.  Walker.  A  di-:- 
cussion  of  principles,  conditions  and  rem- 
edies. Ills.  4000  w.  Engineering  Maga- 
zine— May,  T909.     No.  4341  B. 

See  also  Reinforced  Concrete,  under 
CIVIL  ENGINEERING,  Materials  of 
Construction. 

Education. 

See  same  title,  under  INDUSTRIAL 
ECONOMY. 

Electro-Chemistry. 

The  Present  State  of  Electro  -  Chem- 
istry and  Its  -Applications  (Etat  actuel  de 
I'Electrochimie  et  de  ses  Applications). 
Octave  Dony-Henault  and  Henri  Gall.  A 
general  review  of  the  applications  of  elec- 
tro-chemistry. HOGG  w.  Rev  d'Electro- 
chim  et  d'Electrometal — Feb.,  1909.  No. 
421 T  F. 

Electro-Metallurgy. 

The  Electric  Furnace  and  Some  of  Its 


Applications.  V/illiam  Hoopes.  Dcscrib(?s 
the  electric  furnace  and  its  advantages, 
considering  a  number  of  applications. 
Ills.  4000  w.  Elec  Jour — April,  1909. 
No.  3951. 

Electric  and  Fuel  Furnaces.  F.  Louv- 
rier.  Considers  the  progress  in  the  sub- 
stitution of  electrical  energy,  as  a  th'-r- 
mic  agent,  for  the  usual  combustibles, 
coal,  coke,  petroleimi,  etc.,  and  the  causes. 
2500  w.  Elec-Chem  &  Met  Ind — April, 
1909.  No.  3662  C. 
Nitrogen. 

The  Fixation  of  Atmospheric  Nitrogen 
by  Electricity  (La  Nitrification  de  I'Air 
par  Voie  electrique).  M.  Dony.  A  gen- 
eral review  of  the  various  piethods  and 
the  state  of  the  industry.  Ills.  6000  w. 
Soc  Beige  d'Elecns — March,  1909.  No. 
4206  E. 
Reiew  of  1908. 

Electrochemistry  in  1908.  F.  Mollwo 
Perkin.  A  review  of  progress  in  the 
electrochemical  industries.  5000  w.  Elect'n, 
Lond — March  26,   1909.     No.  3780  A. 

ELECTRO-PHYSICS. 

Electrons. 

The  .Constitution  of  Matter  and  of  the 
Aether  (Ueber  die  Konstitution  der  Ma- 
terie  und  des  Wcltathers).  H.  Strache. 
A  brief  statement  of  recent  theories.  Ills. 
4000  w.  Zeitschr  d  Oest  Ing  u  Arch  Ver 
— March  19,  1909.     No.  4279  D. 

Heating. 

The  Heating  of  Electrical  Resistances 
by  Variable  Currents  (Die  Ermittlung 
der  Uebertemperaturen  elektrischer  Wi- 
derstande  bei  veranderlicher  Strombe- 
lastung).  C.  Richter.  A  mathematical 
discussion  of  the  effect  of  variability  of 
current  on  the  ordinary  laws  of  heating. 
Ills.  3500  w.  Elektrotech  11  Maschinen- 
bau — March  21,  1909.     No.  4288  D. 

Permeability, 

On  the  Permeabilities  and  the  Reluc- 
tivities, for  Very  Wide  Ranges  of  Ex- 
citation, of  Normal  Specimens  of  Com- 
pressed Steel,  Bessemer  Steel  and  Nor- 
way Iron  Rods.  B.  Osgood  Peirce.  De- 
scribes a  long  series  of  determinations 
over  a  wide  range  of  excitation,  and  con- 
siders especially  a  method  of  measure- 
ment in  a  massive  yoke.  Ills.  3000  w. 
Am  Jour  of  Sci — April,  1909.    No.  3803  D. 

GENERATING  STATIONS. 

Central  Stations. 

Electrical  Engineers  and  Gas  Power. 
Philip  W.  Robson.  Considers  the  appli- 
cation of  gas  engines  to  moderate-size 
generating  stations.  2500  w.  Elec  Rev, 
Lond — March  26,  1909.     No   3778  A. 

Gas-Producer  Central  Station  at  Har- 
vard, 111.  Brief  illustrated  description. 
1200  w.     Elec  Wld— April  15,  1909.     No. 

3943- 
Municipal  Plant  at  Marshfield,  Wiscon- 
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sin.  Louis  B.  Carl.  Illustrated  descrip- 
tion of  the  electric-light  plant  and  water- 
works, and  report  of  operating  expenses. 
1600    w.      Power — April    20,    1909.      No. 

4047- 

Power  System  of  Louisville  Lighting 
Co.  Osborn  Monnett.  Illustrated  de- 
scription of  a  single-phase  engine  instal- 
lation, remodeled  into  a  two-phase  tur- 
bine plant.  3500  w.  Power— April  13, 
1909.     No.  3918. 

Power  Station  of  the  Chicago,  Lake 
Shore  &  South  Bend  Railway.  Illustrated 
detailed  description  of  the  station  and  its 
equipment.  3500  w.  Elec  Ry  Jour — April 
17,  1009.     No.  3968. 

See    Refuse     Disposal,    under    CIVIL 
ENGINEERING,  Municipal;   and  Lon- 
don, under  STREET  AND  ELECTRIC 
STATIONS. 
Costs. 

Comparative  Energy  Costs  in  Two  Cen- 
tral  Stations.     Gives  comparative  figures 
and  discusses  results.     1200  w.    Elec  Wld 
—April  I,  1909.     No.  3753- 
Germany. 

German  Central-Station  Statistics  and 
the  Proposed  Taxation  of  Electrical  Ser- 
vice. Information  of  the  growth,  and 
the  Government's  reasons  for  the  pro- 
posed taxation.  1200  w.  Elec  Wld — 
April  I,  1909.  No.  3752. 
Hydro-Electric. 

The  Early  Construction  Methods  at  the 
Plant  of  the  Central  Georgia  Power  Com- 
pany. Illustrated  description  of  work  on 
an  extensive  development  on  the  Ocmul- 
gee  River,  Georgia.  3500  w.  Eng  Rec — 
April  17,  1909.     No.  401 1. 

Developmeni:  of  the  Rocky  Creek  Sta- 
tion of  the  Southern  Power  Company. 
Illustrated  description  of  a  development 
on  the  Catawba  River.  6500  w.  Eng  Rec 
— April  3,  1909.     No.  3720. 

The  Tennessee  River  Pov/er  Develop- 
ment at  Hales  Bar.  Illustrates  and  de- 
scribes work  in  progress  near  Chatta- 
nooga. 3500  w.  Eng  Rec — April  3,  1909. 
No.  372T. 

The  Construction  of  the  Plant  of  the 
Connecticut  River  Power  Company. 
George  S.  Hewins.  Illustrated  detailed 
description  of  engineering  and  concrete 
construction  work,  3500  w.  Eng  Rec — 
April  3,  1909.     No.  3714. 

The  Hydro-Electric  Plant  of  the  Wall- 
kill  River  Company  at  Walden,  N.  Y. 
Harry  W.  Dennis.  An  illustrated  descrip- 
tion of  the  development  of  this  small 
water-power.  3000  w.  Cornell  Civ  Engr 
— April,  1909.    No.  3949  C. 

See  also  Pipe  Lines,  under  CIVIL  EN- 
GINEERING, Water  Supply;  Turbine 
Plants,  under  MECHANICAL  ENGI- 
NEERING, Hydraulic  Machii'ery;  and 
Tin,  under  MINING  AND  METAL- 
LURGY, Mining. 


Isolated  Plants. 

Isolated  Plant  vs.  Central  Station.  A 
letter  addressed  to  the  Board  of  Esti- 
mate and  Apportionment  of  New  York 
City,  by  Percival  Robert  Moses,  giving 
reasons  why  a  private  isolated  plant 
should  be  installed  in  the  New  York  pub- 
lic library.  2500  w.  Power — April  27, 
1909.     No.  43 II. 

Switchboards. 

Main  Switchboard  of  Pratt  Street 
Power  Station,  Baltimore.  Illustrated  de- 
scription of  the  successful  arrangement  of 
a  very  complicated  output.    2000  w.    Elec 

•  Ry  Jour — April  24,  1909.    No.  4150. 

LIGHTING. 

Illumination. 

Graphical  Determination  of  the  Illumi- 
nation of  Horizontal  Plane  Surfaces 
(Graphische  Bestimmung  der  Beleucht- 
ung  horizontaler  Bodenflachen).  Robert 
Edler.  A  detailed  description  of  the  meth- 
ods. 3200  w.  Elektrotech  u  Maschinen- 
bau — March  28,  1909.  No.  4289  D. 
Incandescent  Lamps. 

Tungsten  Lamps  Compared  with  Arc 
Lamps.  Alton  D.  Adams.  Advocating 
the  use  of  tungsten  lamps  for  street  light- 
ing. 2000  w.  Munic  Engng — April,  1909. 
No.  3817  C. 
Street. 

See  Incandescent  Lamps,  under  Light- 
ing. 

MEASUREMENT. 

Dielectric  Strength. 

On  Testing  the  Insulation  Resistance  of 
Live  Cables  on  Direct-Current  Systems. 
R.  G.  Allen.  Abstract  of  paper  before 
the  Inst,  of  Elec.  Engrs.  at  Dublin.  An 
explanation  of  method  used.  1200  w. 
Elec  Rev,  Lond — April  16,  1909.  No. 
4192  A. 

Dynamo  Testing. 

The  Testing  of  Electrical  Machinery 
(La  Prova  delle  Macchine  elettriche).  F. 
Loppe.  The  first  part  being  a  discussion 
of  tests  of  the  materials  and  construction 
of  the  machines.  Serial,  ist  part.  2500 
w.  Elettricita — March  25,  1909.  No. 
4240  D. 

Galvanometers. 

A  Convenient  Form  of  Galvanometer 
with  Magnetic  Shielding.  E.  F.  Nichols 
and  S.  R.  Williams.  Abbreviated  from 
Phys  Rev.  Detailed  description.  Dia- 
gram. i5(X)  w.  Elect'n,  Lond — April  9, 
1909.    No.  4026  A. 

Laboratories. 

The  New  Electric  Laboratory  Equip- 
ment of  the  City  of  Philadelphia.  Illus- 
trated description.  1500  w.  Elec  Rev, 
N  Y — April  3,  1909.    No.  3749. 

The    National    Physical    Laboratory    in 

1908.  Editorial  review  of  progress  in  all 
departments.    4000  w.     Engng — March  26, 

1909.  Serial,     ist  part.     No.  3787  A. 
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Potentiometers. 

The  Use  of  the  Potentiometer  on  Alter- 
nate-Current Circuits.  Charles  V.  Drys- 
dale.  Discusses  the  application  of  the  po- 
tentiometer principle  to  a.  c.  measurements 
and  describes  the  use  of  the  author's 
phase-shifting  transformer  with  a  potenti- 
ometer. T200  w.  Elect'n,  Lond — April  i6, 
1909.  No.  4194  A. 
Resistance. 

Non-inductive,  Water-Cooled  Standard 
Resistances  for  Precision  Alternating- 
Current  Measurements.  C.  C.  Patterson 
and  E.  H.  Rayner.  Abstract  of  paper  to 
the  Inst,  of  Elec.  Engrs.  Gives  method 
of  measuring  resistances  of  low  value  and 
up  to  any  current  capacity.  Ills.  2000  w. 
Elect'n,  Lond — April  16,  1909.  No.  4195  A. 

Notes  on  Three  Methods  of  Electrical 
Measurement  (A  propos  de  trois  Meth- 
odes  de  Mesures  electriques).  M.  BoufF- 
art.  Discusses  the  measurement  of  the  re- 
sistance of  a  galvanometer  by  the  method 
of  equal  deviation,  the  e.  m.  f.  of  a  cell 
by  the  Poggendorff  method,  and  the  in- 
ternal resistance  of  a  cell  by  the  Mance 
method.  Ills.  3500  w.  Bui  Sci  de  I'Assn 
des  Eleves — Feb.,  1909.  No.  4205  D. 
Units. 

Notes  on  the  Electromagnetic  System 
(Quelques  Reflexions  au  Sujet  de  Sys- 
teme  electromagnetique).  M.  Pellat,  A 
discussion  of  M.  Berthelot's  paper  on 
systems  of  units.  Ills.  2500  w.  Bui  Soc 
Int  d  Elecns — March,  1909.  No.  4208  F. 
POWER  APPLICATIONS. 
Hoisting. 

See  Electric  Hoisting,  under  MINING 
AND  METALLURGY,  Mining. 
Power  Contracts. 

Analysis  of  Proposed  Change  in  Power 
Contract.  Robert  Sibley.  Gives  the  pro- 
posed contract,  showing  that  there  is  an 
increased  expenditure  due  to  unity  power 
factor  clause  and  peak  load  penalties. 
2200  w.  Eng  &  Min  Jour — April  17,  1909. 
No.  4006. 
Printing  Presses. 

See  Electric  Driving,  under  MECHAN- 
ICAL ENGINEERING,  Power  and 
Transmission. 

TRANSMISSION. 
Cables. 

See   Dielectric    Strength,    under    Meas- 
urement; and  Insulation,  under  Trans- 
mission. 
Grounding. 

Grounding  Secondaries.     W.  J.  Canada. 
A  review  of  the  arguments  for  groiuiding 
and  the  principal  objections  raised,     4500 
w.    Elec  Wld — April  i,  1909.     No.  3751. 
Insulation. 

The  Composition  and  Durabilitv  of 
Cable  Papers.  Clayton  Beadle  and  Henry 
P.  Stevens.  Discusses  the  composition 
and  durability  of  papers  from  the  chem- 
ical point  of  view,  in  the  present  article. 


4000   w.      Elect'n,    Lond — April    16,    1909. 

Serial,     ist  part.     No.  4193  A. 
Lightning. 

Attempts  to  Explain  Globular  Light- 
ning (Les  Tentatives  d'Explica.ion  de  la 
Foudre  globulairc).  C.  de  Jans.  An  ex- 
haustive discussion  of  the  phenomenon 
and  the  various  theories  suggested.  18800 
w,  Soc  Beige  d'Elecns — March,  1909.  No. 
4207  E. 
Poles. 

Concrete  Poles  (Betonmasten).  De- 
scribes the  Locher  system  and  the  cost, 
strength  and  economy  of  poles  made  by  it. 
Ills.  2000  w.  Bcton  u  Eisen — March  10, 
T909.  No.  4284  F. 
Protective  Devices. 

Storm  and  Lightning  Protection  to  Line 
Wires.  T.  W.  Poppe.  Suggests  the  in- 
stallation of  a  strong  galvanized  steel 
cable  to  protect  the  lines  from  falling 
branches.  Ills.  looo  w.  Elec  Wld — April 
I,  1909.  No.  3755. 
Transformers. 

Recent  Developments  in  Transforming 
Apparatus.  H.  W.  Tobey.  Read  before 
the  Schenectady  Sec.  of  the  Am.  Inst,  of 
Elec.  Engrs,  Describes  and  discusses  re- 
cent devices.  6500  w.  Pro  Am  Inst  of 
Elec  Engrs — April,  1909.    No.  3958  F. 

Three-Phase  Transformer  Connections 
and  Resulting  Voltages.  A.  D.  Williams, 
Jr.  Diagrams  and  explanatory  notes.  1000 
w.    Power — April  20,  1909.     No.  4049. 

Oil  Used  in  Electric  Transformers.  W. 
B.  Kouwenhoven.  Explains  the  purpose 
for  which  the  oil  is  used,  the  care  needed, 
and  the  qualities  required.  2000  w.  Ry  & 
Loc  Engng — April,  1909.  No.  3657  C. 
Troubles. 

Principles  of  Fault-Location.  Julius 
Bernstein.  Condensed  paper  read  before 
the  Int.  Assn.  of  Munic.  Engrs.  at  De- 
troit Describes  the  use  of  Wheatstone 
testing  instruments.  Diagrams.  4500  w, 
Sci  Am  Sup — May  i,  1909.     No.  4332. 

Method    of    Testing    for    Grounds    or 
Short  Circuits  by  Induction.     W.  H.  Gei- 
ger.    Describes  methods.    Diagrams.    2500 
w.     Sig  Engr — April,  1909.     No.  4001, 
MISCELLANY. 
Atmospheric  Electricity. 

Recent  Observations  in  Atmospheric 
Electricity,  P,  H.  Dike.  A  review  of  re- 
cent investigations  by  a  number  of  ex- 
perimenters. 5000  w.  Am  Jour  of  Sci — 
March.  1909.  No.  2927  D. 
Conversion  Tables. 

Horse-Power     and     Kilowatts.       Gives 
tables  for  changing  horse-power  into  watts 
and  vice  versa,  with  explanation.     1700  w. 
Power — April  20,  1909.    No.  4051. 
Electric  Clocks. 

The  Present  Status  of  Electric  Clocks 
(Ueber  den  gegenwartigen  Stand  der 
elektrischen  Uhrcn).  W.  Krcjza.  A  gen- 
eral review  of  types,  applications,  imprjve- 
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ments,  etc.     3300  w.     Elektrotech  11  Ma 
schinenbau — Feb.  28,  1909.     No.  3559  D, 

Eiffel  Tower  Device  for  Showing  Hour. 
Illustrated  description  of  a  novel  incan- 
descent lamp  device  and  its  system  of 
operation.  1500  w.  Sci  Am  Sup — April 
24,  1909.  No.  41 14. 
Electric  Hygrometer. 

An  Electrical  Method  for  the  Measure- 
ment of  the  Amount  of  Moisture  m  Grain 
and  Other  Mnterials.  Anthony  Zeleny. 
Illustrated  description  of  an  instrument 
devised  for  rapidly  and  accurately  de- 
termining" the  amount  of  moisture  in  corn. 
1500  w.  Minn  Engr — March,  1909.  No. 
4064  C. 
General  Electric  Co. 

Pioneer  Developments  Within  the  Gen- 
eral Electric  Company.     Dr.  E.  W.  Rice, 


Jr.  Read  before  the  Schenectady  Sec.  of 
the  Am.  Inst,  of  Elec.  Engrs.  Historical 
review  from  the  year  1880,  when  the 
American  Electric  Co.  was  formed,  to 
1888.  5000  w.  Pro  Am  Inst  of  Elec 
Engrs — March,  1909.  No.  3476  F. 
Resistances. 

A  New  Form  of  Standard  Resistance. 
Edward  B.  Rosa.  Gives  illustrated  de- 
scription of  the  new  sealed  standards,  the 
apparatus  employed  in  comparing  coils, 
and  the  results.  5400  w.  Bui  Bureau  of 
Stand — Feb.,  1909.  No.  3287  N. 
Time  Signals. 

Electrical  Time  Service  in  Mauritius. 
E.  D.  Pearmain.  Illustrates  and  describes 
the  time  signal  system  installed  on  this 
island  of  the  Indian  Ocean.  2000  w.  Elec 
Rev,  Lond — April  9,  1909.    No.  3987  A. 


INDUSTRIAL  ECONOMY 


Accidents. 

A  Year's  Industrial  Accidents  in  Pitts- 
burg. Crystal  Eastman.  Condensed  from 
the  Pittsburg  Survey  in  Charities  and  the 
Commons.  Information  concerning  causes. 
3500  w.  Am  Macli — Vol.  32.  No.  13. 
No.  3655- 
Accounting. 

Some  Recent  Changes  in  Government 
Accounting.  H.  Parker  Willis.  Gives 
representative  examples  of  each  of  the 
important  classes  of  changes  introduced 
during  Mr.  Roosevelt's  term  of  office,  as 
illustrative  of  the  new  point  of  view 
adopted.  8000  w.  Jour  of  Ace — April, 
1909.    No.  4337  C. 

The  Machine  Hour.  F.  E.  Webner.  The 
first  of  a  series  giving  details  of  account- 
ing plans  as  applied  in  the  works  of  the 
Marion  Steam  Shovel  Co.  The  present 
number  deals  with  the  antecedents  and 
development  of  the  machine  hour  idea. 
3000  w.  Ind  Engng — April,  1909.  Serial. 
1st  part.  No.  4076  C. 
Apprenticeship. 

Industrial  Training  Through  Appren- 
tice Systems.  E.  P.  Bullard.  Read  before 
the  Nat.  Met.  Trds.  Assn.  Discusses  the' 
value  of  apprentice  systems  in  raising  the 
standard  of  industrial  intelligence  and  re- 
lated subjects.  2500  w.  Ir  Age — April  22, 
1909.  No.  4098. 
Argentina. 

Modern  Argentina  and  its  Commercial 
Relations  with  Belgium  (L' Argentine 
moderne  et  ses  Relations  commerciales 
avec  la  Belgique).  C.  Lambotte.  A  review 
of  agriculture,  industrial  and  commercial 
progress  4500  w.  Rev  de  Metal — March, 
1909.  No.  4213  E  -f  F. 
Cost  Systems.  ' 

The  Principle  of  the  Time  Ticket.  L.  S. 
Randolph.     Discussion  of  methods  of  ob- 


taining labor  costs  of  pieces  and  opera- 
tions. 2000  w.  Engineering  Magazine — 
May,  1909.     No.  4342  B. 

Depreciation. 

The  Question  of  Depreciation  in  Manu- 
facturing (Die  Abschreibungsfrage  in 
Industriebetrieben).  A  discussion  of  the 
fundamental  principles  in  accounting  for 
depreciation.  Ills.  3500  w.  Serial.  2 
parts.  Zeitschr  f  Werkzeug — March  15 
and  25,  1909.    No.  4285  each  D. 

Education. 

Fundamental  Principles  of  Industrial 
Education.  Herman  Schneider.  Consid- 
ers the  problem,  the  field  covered,  the  end 
to  be  attained  and  the  general  solution. 
4000  w.  Pro  Am  Inst  of  Elec  Engrs — 
April,  1909.     No.  3960  F. 

The  Defects  of  English  Technical  Edu- 
cation and  the  Remedy.  Dr.  Robert  Pohl. 
Read  before  an  Assn.  of  Teachers  in  Hud- 
dersfield.  4000  w.  Nature — April  15, 
1909.     No.  4185  A. 

Mining  Education  in  the  British  Em- 
pire. Considers  the  education  of  working 
miners,  of  mine  captains  and  managers, 
and  of  mining  engineers,  giving  general 
conclusions.  5500  w.  Min  Jour — April  3, 
1909.    No.  3903  A. 

Physical  Chemistry  and  Electro-chem- 
istry at  the  College  of  the  City  of  New 
York.  Leo  Frank  Guttmann.  Illustrated 
description  of  the  laboratories  and  their 
equipment.  1500  w.  Elec-Chem  &  Met 
Ind — April,  1909.     No.  3663  C. 

The  Scientific  Education  of  Naval 
Architects.  Prof.  J.  J.  Welch.  Reviews 
what  has  been  done  to  insure  the  proper 
training  of  the  British  naval  architect,  es- 
pecially considering  the  Admiralty  sys- 
tems. 9500  w.  Trans  N-E  Coast  Inst 
of  Engrs  &  Shipbldrs — April,  1909.  No. 
4372  N. 
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Employers'  Liability. 

Employers'  Liability  for  Accidents. 
Epaphroditus  Peck.  Extracts  from  an  ad- 
dress before  the  Nat.  Met.  Trds.  Assn. 
Discusses  possible  changes  in  the  existing 
law.  2000  vv.  Ir  Age — April  22,  1909. 
No.  4099. 

Engineers. 

The  Engineer  and  the  Engineer's  So- 
ciety. G.  E.  Flanagan.  Address  of  re- 
tiring chairman,  reviewing  briefly  what 
engineers  have  done  and  are  doing.  3000 
w.  Pro  Engrs'  Soc  of  W  Penn — March, 
1909.     No.  3816  D. 

Management. 

Effective  Organization  in  the  As- 
sembling Department.  Alfred  Spangen- 
bcrg.  Outlines  a  system  recommended. 
2500  w.  Am  Mach — Vol.  z^.  No.  13. 
No.  3652. 

Natural  Resources. 

The  "Conservation"  Meeting  of  the  Na- 
tional Engineering  Societies.  A  report  of 
the  March  24th  meeting  of  the  four  so- 
cieties to  consider  questions  in  connec- 
tion with  the  conservation  of  the  natural 
resources.  Condensed  papers.  9000  w. 
Eng  News — April  i,  1909.     No.  3762. 

The  American  Institute  of  Mining  Engi- 
neers and  the  Conservation  of  Natural  Re- 
sources. John  Birkinbine.  Discusses  this 
subject,  giving  instances  of  progress  al- 
ready made  and  the  aid  given  by  the  In- 
stitute discussions  in  promoting  conserva- 
tion. 2500  w.  Bui  Am  Inst  of  Min 
Engrs — April,  1909.     No.  4087  F. 

Annual  Address  of  the  President.  Hon. 
J.  H.  Richards.  A  discussion  of  natural 
resources  and  the  waste  in  mining,  indi- 
cating the  work  of  the  American  Mining 
Congress.  4500  w.  Pro  Am  Min  Cong — 
1908.    No.  4117  N. 

Conservation  of  Mineral  Resources.  J. 
B.  Zerbe.  Remarks  on  the  pressing  need 
of  attention  to  this  subject,  especially  con- 
sidering coal.  1200  w.  Pro  Am  Min 
Cong — 1908.     No.  4133  N. 

The  Conservation  of  the  Resources  of 
Minnesota.     F.  H.  Bass.     A  discussion  of 


some  of  the  problems  that  must  be  solved 
by  engineers  in  this  connection.  3500  w. 
Minn  Engr — March,  1909.     No.  4062  C. 

See  also  Conservation,  under  MINING 
AND  METALLURGY,  Coal  y  nd  Coke. 
Patents. 

The  New  British  Patent  Laws  in  Opera- 
tion.   A  review  of  the  practical  results  of 
the  recent  enactment.     2000  w.   Cassier's 
Mag — April,  1909.     No.  3638  B. 
Profit-Sharing. 

Profit  Sharing.     Papers  by  R.  T.  Crane 
and  by  N.  O.  Nelson,  read  at  N.  Y.  meet- 
ing of  the  Nat.  Met.  Trds.  Assn.    3500  w. 
Ir  Age — April  22,  1909.    No.  4100. 
Tariff. 

The  Benefits  of  Protective  Duties.  Ab- 
stract of  address  by  Col.  Albert  Clarke 
before  the  Phila.  Found.  Assn.  Discusses 
the  necessity  of  continued  protection  to 
American  manufacturers.  2000  w.  Ir 
Age— April  15,  1909.     No.  3935. 

The  Payne  Tariff  Bill  Passes  the  House. 
Gives  the  changes  from  the  original  draft. 
3500  w.    Ir  Age— April  15,  1909.  No.  3937. 

The  Senate  Substitute  Tariff  Bill. 
Official  text  of  the  metal  schedule  of  the 
Senate  Finance  Committee  bill,  reported 
to  the  Senate  April  12.  8000  w.  Ir  Age — 
April  15,  1909.     No.  3936.- 

A  New  Tariff  for  the  Philippines. 
Gives  the  schedules  covering  metals  and 
manufactures  thereof  and  instruments, 
apparatus,  machinery,  vehicles,  boats,  etc. 
3500  w.  Ir  Age — April  22,  1909.  No.  4102. 
Technical  Journalism. 

Technical  Journalism.  Ray  Morris.  An 
address  before  the  engineering  students  of 
the  University  of  Michigan,  explaining 
the  growing  importance  of  technical  litera- 
tures and  the  opportunities  for  engineers. 
6500  w.  R  R  Age  Gaz — April  30,  1909. 
No.  4367. 
Wage  Systems. 

Wage  Systems.  Robert  Goldmann. 
From  a  paper  presented  before  the  Nat. 
Met.  Trds.  Assn.  Brief  review  of  the 
various  systems  and  the  objectiontj  to 
them.  2500  w.  Ir  Age — April  29,  1909. 
No.  4328. 
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Admiral  Melville. 

George  Wallace  Melville.  Walter  M. 
McFarland.  A  tribute  to  his  services  to 
engineering  and  engineers.  1000  w.  Engi- 
neering Magazine — May,  1909.   No.  4345  B. 

Battleships. 

Types  of  Warships  Omitted  in  Recent 
Programmes  of  Naval  Construction.  Lord 
Brassey.  Read  before  the  Inst,  of  Naval 
Archts.  A  brief  discussion  of  the  con- 
struction of  battleships.  1500  w.  Engng 
— April  2,  1909.    No.  3906  A. 


Fire  Control  Towers  for  Battleships. 
Charles  B.  Brewer.  Illustrated  descrip- 
tion of  fire  control  to\\ers  to  be  fitted  to 
battleships  of  the  United  States  Navy. 
1000  w.  Am  Mach — Vol.  z^.  No.  16. 
No.  4106. 
Cruisers. 

The  French  Armoured  Cruiser.  Ernest 
Renan.  J.  G.  Peltier.  Illustrated  de- 
scription with  report  of  trials.  1500  w. 
Int  Marine  Engng — April,  1909.  No. 
3686  C. 


We  supply  copies  of  these  articles.     See  page  4S3. 
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Destroyers. 

The  Evolution  of  Speed  in  Torpedo 
Boat  Destroyers.  Fred  A.  Talbot.  An 
illustrated  review  of  development  as  shown 
in  the  Thornycroft  vessels.  2500  w.  Ma- 
rine Rev — April,  1909.     No.  3926. 

The  Torpedo-Boat  Destroyer  "Mo- 
hawk." E.  Ommelange.  Illustrated  de- 
scription of  this  turbine-driven  destroyer 
of  the  British  Navy.  1500  w.  Int  Marine 
Engng — April,  1909.  No.  3684  C. 
Dredges. 

The  Dredger  Leviathan.    Drawings  and 
particulars  of  the  largest  dredger  in  the 
world.     2200   w.      Engr,    Lond — April   2, 
1909.     No.  3913  A. 
Education. 

See   same   title,   under    INDUSTRIAL 
ECONOMY. 
Electric  Power. 

The  Electrical  Equipment  of  Liners  and 
Battleships.  A.  P.  Chalkley.  Abstract  of 
paper  read  before  the  Newcastle  Sec.  of 
the  Inst,  of  Elec.  Engrs.  Discusses  the 
reasons  for  the  adoption  of  low-pressures 
for  distribution  on  ships  and  describes 
typical  arrangements  of  switchboards.  Ills. 
2500  w.  Elect'n,  Lond — March  25,  1909. 
No.  3779  A. 

Ferry  Boats. 

Unique  Rhine  River  Electric  Ferry 
Boat.  Illustrated  description.  800  w. 
Marine  Rev — April,  1909.     No.  3927. 

Ferry  Boats  for  Kiel  Harbor.  Illus- 
trated detailed  description.  800  w.  Int 
Marine  Engng — April,  1909.     No.  3685  C. 

Danish  State  Railway  Ferries.  Harold 
M.  Olsen.  An  outline  of  the  construction 
and  the  services  performed  by  this  type  of 
vessel.  Ills.  4000  w.  Inst  of  Engrs  & 
Shipbldrs  in  Scotland — March  23,  1909. 
No.  3806  N.'         ^ 

The  Car  Ferries  of  the  Danish  Gov- 
ernment. Axel  Holm.  Information  in  re- 
gard to  the  government  ferry  fleet,  illus- 
trating and  describing  some  of  the  ferries. 
2500  w.  Int  Marine  Engng — April,  1909. 
No.  3681  C 
Gasoline  Engines. 

See  Life  Boats,  under  MARINE  AND 
NAVAL  ENGINEERING. 
Hudson-Fulton. 

The  Coming  Hudson-Fulton  Celebra- 
tion, Warren  O.  Rogers.  An  illustrated 
article  describing  the  "Half-Moon"  and 
"Clermont"  replicas  now  being  built  to 
participate  in  the  great  naval  parade.  1500 
w.  Power— April  27,  1909.  No.  4310. 
Internal-Combustion  Engines. 

The  Application  of  Internal-Combustion 
Engines  for  Marine  Propulsion.  H.  C. 
Anstey.  Read  before  the  Inst,  of  Naval 
Archts.  Considers  the  advantages  of  fuel 
economy,  weight  and  space.  3500  w.  Mech 
Engr — April  2,  1909.    No.  3902  A. 

Internal  Combustion  Engines  for  Sub- 
marines.    F.  R.  S.  Bircham.    Read  before 


Inst,  of  Naval  Archts.  Discusses  the  re- 
quirements and  the  advantages  and  dis- 
advantages of  methods  generally  adopted, 
and  considers  the  Diesel  cycle  engines. 
Ills.  3300  w.  Mech  Engr — April  9,  1909. 
No.  4028  A. 

Marine  Motors  at  Olympia.  An  illus- 
trated review  of  exhibits.  3000  w.  Engng 
— March  26,  1909.    No.  3789  A. 

See  also  Gasoline  Engines,  Motor  Boats, 
and    Steam    lurbines,    under    MARINE 
AND  NAVAL  ENGINEERING. 
Life  Boats. 

New  Motor  Life  Boat  for  Sandy  Hook 
Life  Saving  Station.  Illustrated  descrip- 
tion of  the  6-cylinder  gasoline  engine 
life  boat.  1400  w.  Naut  Gaz — April  15, 
1909.     No.  3983. 

Model  Basins. 

The  Experimental  Tank  in  Paris.  Draw- 
ings and  description  of  the  plant  and 
building  containing  it.  2000  w.  Engr, 
Lond — April  2,  1909.    No.  3910  A. 

Report  of  the  Experimental  Tank  Com- 
mittee (1908).  Read  before  the  Inst,  of 
Naval  Archts.  A  report  on  the  scheme 
for  establishing  an  experimental  tank  at 
Bushy,  in  connection  with  the  Nat.  Phys. 
Laboratory.  4500  w.  Engng — April  t6, 
1909.  No.  4302  A. 
Motor  Boats. 

The  Proper  Installation  of  a  Marine 
Motor,  A.  E.  Palmer.  Describes  the 
general  method  of  procedure.  Ills.  2500 
w.     Naut  Gaz — April  29,  1909.     No,  4346. 

Small  Motor  Boats.  F.  R.  S,  Bircham. 
Abstract  of  paper  before  the  Inst,  of 
Auto  Engrs.  Deals  with  features  desir- 
able in  the  design  anl  installation  of  small 
marine  internal  combustion  engines.  3000 
w.  Auto  Jour — April  10,  1909.  Serial. 
I  St  part.    No,  4024  A, 

Oil  Fuel. 

Oil  vs.  Coal  as  a  Marine  Fuel,  G.  P. 
Blackiston.  Presents  the  advantages  of 
oil  over  coal.  Ills,  800  w.  Jour  Am  Soc 
of  Naval  Engrs — Feb.,  1909.  No.  4056  H, 
Oil  Fuel  for  Naval  Use.  H.  C.  Dinger. 
An  illustrated  description  of  the  mechan- 
ical system  of  an  oil  installation,  examin- 
ing the  advantages  and  disadvantages,  and 
matters  related  to  its  economy  and  use. 
7000  w.  Jour  Am  Soc  of  Nav  Engrs — 
Feb.,  1909.    No.  4059  H. 

Ore  Carriers. 

Distribution  of  Cargo  in  Ore  Carriers 
on  the  Lakes.  Address  of  Robert  Logan 
before  the  masters  and  officers  of  the 
Pittsburg  Steamship  Co.,  with  discussion. 
Diagrams.  3000  w.  Marine  Rev — April, 
1909.    No.  3929, 

Propellers. 

Propulsion  of  Vessels  by  Contrary 
Turning  Screws.  G.  Rota,  Read  before 
the  Inst,  of  Naval  Archts.  Shows  the 
possible  increase  in  efficiency  by  the  use  of 
contrary    turning    screws    on    a    common 
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axis.      Ills.      1800    w.      Engng — April    9, 
1909.     No.  4035  A. 

Screw  Propeller  Criticism  and  Notes 
on  Screw  Propeller  Design  Based  on 
Actual  Standardization  Trial  Results  of 
U.  S.  Vessels.  C.  W.  Dyson,  11500  w. 
Jour  Am  Soc  of  Nav  Engrs — Feb.,  1909. 
No.  4060  H. 

The  Determination  of  the  Thrust  of 
Propellers.  J.  H,  Heck.  Read  before  the 
Inst,  of  Naval  Archts.  Sketches  and  de- 
scription of  a  mechanical  method  for  de- 
termining the  thrust.  3500  w.  Engng — 
April  9,  1909.    No.  4034  A. 

Comparative  Tests  on  Screw  Propellers. 
H.  Lorenz.  Trans,  from  Zeit.  des  Vp.y. 
deutscher  Ing.  Presents  a  new  theory  on 
the  screw  propeller,  reporting  tests  and 
giving  tables  of  experimental  results. 
2500  w.  Jour  Am  Soc  of  Nav  Engrs — 
Feb.,  1909.  No.  4054  H. 
Review  of  1908. 

Shipbuilding  in  1908  (Der  Schiffbau  im 
Jahre  1908).  F.  Meyer  and  H.  Dorwaldt. 
An  exhaustive  statistical  review  of  ship- 
building operations  all  over  the  world. 
Serial,  ist  part.  4500  w.  Schiffbau — 
March  24,  1909.  No.  4269  D. 
Shipbuilding. 

Standardization.  Archibald  Denny. 
Read  before  the  Inst,  of  Naval  Archts. 
Report  of  work  done  by  the  Engineering 
Standards  Committee  on  sections  and 
tests  for  materials  used  in  the  construction 
of  ships  and  their  machinery.  7000  w. 
Engng — April  2,  1909.     No.  3909  A. 

A  System  of  Control  for  a  Shipyard. 
W.  J.  Wilson.  An  explanation  of  a  sys- 
tem, followed  by  discussion.  Plates.  2000 
w.  Trans  N-E  Coast  Inst  of  Engrs  & 
Shipbldrs — March,  1909.    No.  3953  N. 

See  also  Cranes,  under  MECHANICAL 
ENGINEERING,      Transporting      and 
Conveying. 
Ship  Design. 

A  Note  on  Ship  Geometry.  Sir  George 
Grcenhill.  Read  before  the  Inst,  of  Naval 
Archts.  Discusses  geometrically  the  alter- 
ation in  trim  and  draught  due  to  loading 
and  unloading,  coaling  and  burning  the 
coal,  due  to  the  movement  of  weight  on 
board,  and  the  change  due  to  passage  from 
fresh  to  salt  water,  or  the  reverse.  1500 
w.    Engng — April  16,  1909.    No.  4303  A. 

Keels  of  Minimum  Resistance  (Note 
intorno  alle  Carene  di  Minima  resistenza). 
Luigi  Faucher.  Discusses  their  form  and 
design.  Ills.  6500  w.  Riv  Marit — March, 
1909.    No.  4238  E  -f  F. 

German  and  English  Merchant  Vessels 
(Deutscher  und  englischer  Handclsschiff- 
bau).  Carl  Kielhorn.  A  comparison  of 
German  and  English  practice  in  ship  de- 
sign. Ills.  Serial,  ist  part.  4400  w. 
Schiffbau — March  10,  1909.  No,  4268  D. 
Ship  Resistance. 

On  the  Resistance  of  Thin  Plates  and 


Models  in  a  Current  of  Water.  T.  E,  Stan- 
ton. Read  before  the  Inst,  of  Nav.  Archts. 
Gives  results  of  experiments,  describing 
apparatus  used.  Ills.  3000  w,  Engng — 
April  16,  1909.  No,  4300  A. 
Ship  Specifications. 

Ships'  Specifications.  J,  R,  Jack.  Dis- 
cusses briefly  the  technical  qualities  of  a 
vessel  and  the  requirements  of  a  specifica- 
tion. 2500  w,  Inst  of  Engrs  &  Shipbldrs 
in  Scotland — March  23,  1909.    No,  3805  N. 

Ship  Stability. 

Stability  and  Comfort.  Arthur  R.  Lid- 
dell.  Discusses  matters  relating  to  sta- 
bility of  vessels.  2000  w.  Engr,  Lond — 
April  16,  1909.    No,  4305  A, 

Ship  Vibration. 

The  Vibration  of  Ships.  J.  B.  Hender- 
son. Read  before  the  Inst,  of  Naval 
Archts.  Considers  the  elasticity  of  ships 
as  deduced  from  experiments  on  the  vibra- 
tion of  dynamical  models.  4000  w.  Engng 
— April  2,  1909.    No.  3907  A. 

Steamboats. 

The  "Robert  Fultoji."  A  Record  in 
River  Steamboat  Construction.  Illus- 
trated description  of  this  vessel  which 
was  launched  in  two  months  and  ten 
days  after  the  keel  was  laid.  1500  w.  Sci 
Am  Sup — April  10,  1909.  No.  3840, 
Steam  Engines. 

The  Reciprocating  Engine  in  Marine 
Practice  and  Its  Probable  Future.  D.  Gib- 
son, Reviews  the  types  of  marine  recipro- 
cating engines  now  in  use,  and  notes  the 
considerations  that  determine  the  adop- 
tion of  each  type.  Ills,  5000  w.  Jour 
Am  Soc  of  Nav  Engrs — Feb.,  1909.  No. 
4057  H, 

The  Turbine  and  Reciprocating  Engine 
for  Naval  Purposes.  W.  G.  Diman.  Ex- 
amines the  claims  of  the  turbine  and  con- 
cludes that  it  has  not  yet  shown  enough 
advantage  to  warrant  its  taking  the  place 
of  the  reciprocating  engine,  3000  w. 
Jour  Am  Soc  of  Nav  Engrs — Feb.,  1909. 
No.  4055  H, 

Se  also  Engine  Lubrication,  under  ME- 
CHANICAL    ENGINEERING,     Steam 
Engineering, 
Steamships. 

The  Turbine  Steamer  "Ben-My-Chree." 
C.  J.  Blackburn,  Read  before  the  Inst,  of 
Naval  Archts.  An  account  of  practical 
experience  with  the  Parsons  marine  steam 
turbine.  Ills.  3000  w.  Engng — April  9. 
1909.     No.  4036  A. 

Steel  Passenger  Steamer.  H.  B.  Ken- 
nedy. Illustrated  description  of  a  vessel 
for  fast  daylight  service  on  Puget  Sound. 
2000  w.  Marine  Rev — April,  1909,  No, 
3928. 

See  also  Ore  Carriers,  under  MARINE 
AND  NAVAL  ENGINEERING. 
Steam  Turbines. 

The  Turbines  of  the  Battleship  "North 
Dakota."      Illustrated    description    ol    the 
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Curtis  turbines  installed  on  this  ship  of 
the  ''Dreadnought"  type.  1000  w.  Sci 
Am — April  17,  1909.     No.  3946. 

Turbines  or  Motors  in  Ships.  Trans, 
from  Nauticus.  Compares  the  advantages 
and  disadvantages  of  steam  turbines  and 
internal  combustion  engines.  13500  w. 
Jour  Roy  U  S  Inst — March,  1909.  No. 
3802  N. 

Marine  Turbines  (Les  Turbines  ma- 
rines). A  general  article  on  their  con- 
struction, installation  and  operation.  Ills. 
3000  w.  Tech  Mod — March,  1909.  No. 
4230  D. 

See    also    Destroyers,    Steam    Engines, 
and    Steamships,   under   MARINE   AND 
NAVAL  ENGINEERING. 
Submarines. 

Submarine  Navigation.  Lindell  T. 
Bates.  A  brief  review  of  the  develop- 
ment of  the  submarine  vessel.  Ills.  1500 
w.    Yale  Sci  M — April,  1909.    No.  4373  C. 

Sec  also  Internal-Combustion  Engines, 
under  MARINE  AND  NAVAL  ENGI- 
NEERING. 


Torpedo  Boats. 

New  Type  of  Sub-Surface  Torpedo 
Boat.  Illustration  with  description  of  a 
25-knot  boar,  having  the  motors  and  tor- 
pedoes in  a  pear-shaped,  submerged  hull. 
1000  w.  Sci  Am — April  10,  1909.  No.  3838. 
Torpedoes, 

The  Automobile  Torpedo  in  Coast  De- 
fense. Richmond  P.  Davis.  Brief  review 
of  development,  discussing  its  usefulness, 
the  launching,  sub-marine  boats,  etc.  Ills. 
2500  w.  Jour  U  S  Art — March-April, 
1909.    No.  3801  D. 

The  Testing  of  Automobile  Torpedoes 
(Batterie  des  Maures,  Hot  artificiel  de 
Lancement  pour  Essais  de  Torpilles  auto- 
mobiles). M.  Michel-Schmidt.  A  de- 
tailed description  of  a  launching  station 
erected  in  Leoube  bay,  and  the  methods  of 
testing.  Ills.  14000  w.  Mem  Soc  Ing  Civ 
de  France — Jan.,  1909.  No.  4203  G. 
Wrecking  Vessel. 

Submarine  Wrecking  Vessel.  Illustrated 
description  of  a  new  type  built  for  the  re- 
covery of  certain  sunken  treasure.  1000 
w.     Sci  Am — May  i,  1909.     No.  4330. 
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AUTOMOBILES. 

Adams. 

A  Good  Car  for  the  Moderate  Man.  Il- 
lustrated detailed  description  of  the  14-16 
h.  p.  Adams,  a  British  built  car.  2500  w. 
Auto  Jour — March  27,  1909.  No.  277^  A. 
Adler. 

The  12  h.  p.  Adler.  Illustrated  de- 
scription of  a  light  4-cylinder  car.  1200  w. 
Autocar — April  3,  1909.     No.  38'5i  A. 

Carbureters. 

What  to  Do  When  the  Carbureter 
Won't  Work.  Morris  A.  Hall.  An  illus- 
trated discussion  of  sources  of  troubles 
and  the  remedies.  3500  w.  Automobile 
— April  22,  1909.  No.  4144. 
Commercial  Vehicles. 

International  Commercial  Vehicle  Com- 
petition of  the  Austrian  Automobile  Club 
in  J908  (Internationale  Lastwagenkonkur- 
renz  des  Oesterreichischen  Automobil- 
klubs  im  Jahre  1908).  Johann  Trnovsky. 
Describes  the  vehicles  entered,  the  tests 
and  the  results.  Ills.  Serial,  ist  part. 
4400  w.  Oest  Wochenschr  f  d  Oeffent 
Baudienst — March  6,  1909.    No.  4282  D. 

The  "Stae"  Electric  Automobile  (Carri 
elettrici  "Stae").  Describes  various  types 
of  heavy  electric  trucks  built  at  Turin, 
Italy.  Ills.  Serial,  ist  part.  2000  w. 
Elettricita-^March  18,  1909.     No.  4239  D. 

Construction. 

Manufacture  of  Automobile  Bodies.  Il- 
lustrated brief  discussion  of  details.  800 
w.    Wood  Craft — April,  1909.    No.  3729. 


Pointers  from  the  Manufacture  of  Auto- 
mobile bodies.    Illustrated  article  describ- 
ing details  of  manufacture,    1500  w.  Wood 
Craft — April,  1909.     No.  3730. 
Daimler. 

The  Daimler  Engine  Test.  An  illus- 
trated account  of  the  first  stage  of  the 
trial.  900  w.  Autocar — March  27,  1909. 
No.  3774  A. 

Official  Results  of  the  Daimler  Engine 
Tests.  A  report  of  a  very  severe  series  of 
tests,  successfully  endured  with  virtually 
no  wear.  Ills.  1200  w.  Auto  Jour — 
April  17,  1909.  No.  4189  A. 
Electric. 

The  Electric  Vehicle  Motor.  J.  T. 
Deremer.  Read  before  the  Pacific  Coast 
Elec.  Veh.  Assn.  Considers  the  motor, 
its  controller,  and  their  connection  with 
each  other.  2200  w.  Elec  Rev,  N  Y — 
April  17,  1909.     No.  3997. 

Abuses  of  Storage  Batteries  in  Electric 
Vehicle  Work.  Walter  L.  Thompson. 
Considers  the  principal  forms  of  abuse. 
2000  w.  Elec  Rev,  N  Y — April  10,  1909. 
No.  3866. 

See    also     Commercial    Vehicles,    and 
Garages,  under  Automobiles. 
Fuels. 

Automobile  Gasoline  and  Other  Avail- 
able Fuel.  Thomas  J.  Fay.  Considers  the 
amount  of  gasoline  for  a  given  case,  radius 
of  travel,  economy,  etc.,  in  the  present 
number.  Ills.  3500  w.  Automobile — April 
15,  1909.     Serial,    ist  part.    No,  3969. 
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Automobile  Gasolene  Involves  Complex 
Problems.  Thomas  J.  Fay.  Discusses 
automobile  fuel,  the  composite  character 
of  the  gasolene  used,  some  peculiarities, 
etc.  Ills.  2500  w.  Automobile — April  8, 
1909.     No.  3826. 

Doping  Petrol  and  How  to  Detect  It. 
Horatio  Ballantyne.  Abstract  of  a  paper 
entitled  "Some  Chemical  Notes  on  Pe- 
trol," read  before  the  Inst,  of  Auto.  Engrs. 
Reviews  attempts  to  improve  petrol  as  a 
fuel  for  internal  combustion  motors.  2400 
w.    Auto  Jour — April  3,  1909.  No.  3890  A. 

Garages. 

The  Electric  Garage.  S.  P.  Read.  Read 
before  the  Pacific  Coast  Elec.  Vehicle 
Assn.  Discusses  the  necessity  of  an 
electric  garage  where  electric  vehicles  are 
used,  the  requirements,  arrangements, 
costs,  etc.  1500  w,  Elec  Rev,  N  Y — April 
3,  1909.    No.  3748. 

Gears. 

Which  is  Better :  Three  or  Four 
Speeds?  Louis  Lacoin.  Gives  the 
changes  on  the  chassis  needed  for  the 
fourth  speed,  and  discusses  its  advantages 
in  saving  fuel  and  time.  Ills.  2500  w. 
Automobile — April  15,  1909.  No.  3970. 
The  Janney  Hydraulic  Gear  for  Auto- 
cars. Described  from  the  patent  specifica- 
tion by  Eric  W.  Walford.  Ills.  700  w. 
Autocar — April  3,  1909.     No.  3892  A. 

Inspection. 

Preparing  a  Car  Systematically  for  the 
Road.  D.  R.  Hobart.  Suggestions  in  re- 
gard to  the  attention  a  car  should  receive 
before  starting.  800  w.  Automobile — 
April  29,  1909.    No.  4349. 

Motor  Cooling. 

Concerning  Air-Cooling  as  Opposed  to 
Water-Cooling.  Arthur  Holmes.  A 
criticism  of  statements  in  an  earlier  article 
by  Morris  A.  Hall.  1800  w.  Automobile 
— April  22,  1909.    No.  4146. 

Cooling  Automobile  and  Aeronautical 
Motors  (Die  Kuhlung  der  Automobil  und 
Flugmotoren).  F.  Ernstes.  Illustrated 
description  of  a  large  number  of  arrange- 
ments for  air  and  water  cooling.  Serial. 
1st  part.  6000  w.  Zeitschr  d  Mit  Motor- 
wagen  Ver — March  31,  1909.    No.  4277  D. 

Motor  Starting. 

Self  Starting  Devices.  Illustrates  and 
briefly  describes  the  important  features 
and  methods  of  operation  of  the  principal 
self-starting  devices  now  in  use.  2200  w. 
Automobile — April  i,  1909.     No.  3679. 

Motor  Testing. 

See  Daimler,  under  Automobiles. 

Pearson-Cox. 

A  New  British-Built  Steam  Car.  Illus- 
trated detailed  description  of  the  12  h.  p. 
low-priced  car  of  Pearson  and  Cox.  3000 
w.    Auto  Jour — April  3,  1909.  No.  3889  A. 

Tractors. 

A  Novel  Steam  Tractor  for  Hauling 
Logs  Over  Snow.     Illustrated  description 


of  a  machine  of  the  "caterpillar"  type, 
propelled  by  steam.  600  w.  Sci  Am  Sup 
— May  I,  1909.    No.  4331. 

Wheels. 

The  "Panflex"  Spring  Wheel  xor  Motor- 
Cars.  Illustrated  description  of  a  new 
type,  and  its  operation.  1000  w.  Engng — 
April  16,  1909.     No.  4301  A. 

COMBUSTION   MOTORS. 

Aeronautical. 

See  Motor  Cooling,  under  Automo- 
biles; and  Gasoline  Engines,  under  Com- 
bustion Motors. 

Constant-Pressure. 

A  Constant-Pressure  Internal-Combus- 
tion Engine.  H.  B.  Stilz.  Reviews  the 
theory  of  these  engines  and  gives  an  illus- 
trated description  of  a  design  by  the 
writer.  Also  editorial.  6000  w.  Eng 
News — April  22,  1909.     No.  4159. 

Fuels. 

The  Cost  of  Denatured  Alcohol  (Le 
Prix  de  Revient  de  1' Alcohol  denature). 
R.  P.  Duchemin.  A  discussion  of  the  cost 
of  the  denaturing  process  using  methy- 
lene. 2400  w.  Tech  Mod — March,  1909. 
No.  4232  D, 

Gas  Engines. 

A  Method  of  Improving  the  Efficiency 
of  Gas  Engines.  Thomas  E.  Butterfield. 
An  account  of  experiments  made  to  show 
the  effect  of  dilution  of  charge  with  in- 
ert gas.  3000  w.  Jour  Am  Soc  of  Mech 
Engrs — April,  1909.     No.  3965  F. 

Compression  in  Gas  Engines  (Re- 
marques  sur  la  Compression  des  Moteurs 
a  Gaz).  E.  Jouguet.  A  review  of  the 
theories  on  which  the  use  of  high  com- 
pression is  based.  Ills.  4500  w.  Rev  de 
Mecan — March,  1909.    No.  4221  E  -f-  F. 

Progress  in  Gas  Engine  Construction 
(Les  Progres  de  la  Construction  des  Mo- 
teurs a  Gaz).  R.  E.  Mathot.  A  review  of 
results,  objections,  certain  principles  and 
details  of  construction,  and  possible  im- 
provements. Ills.  1 1200  w.  Mem  Soc 
Ing  Civ  de  France — Jan.,  1909.  No. 
4201  G. 

Formulas  and  Tables  for  Horse-Power 
of  Gasoline  Engines.  Morris  A.  Hall. 
With  explanatory  notes.  600  w.  Mach, 
N  Y— April,   1909.     No.  3648  C. 

Aeronautical  Motors  (Motoren  fiir 
Luftfahrzeuge).  E.  Rumpler.  A  discussion 
of  the  requirements  and  descriptions  of  a 
large  number  of  types.  Ills.  Serial,  ist 
part.  5000  w.  Zeitschr  d  Ver  Deutscher 
Ing — March  20,  1909.  No.  4293  D. 
Gas- Power  Plants. 

Producer  Gas  Power  Observations.  T. 
S.  Daniel.  Discusses  design,  operation, 
and  cost  of  gas  producer  plant.  2500  w. 
Minn  Engr — March,  1909.    No.  4067  C. 

A  Small  Producer-Gas  Power  Plant  in 
a  Watch  Factory.  Describes  a  successful 
plant  in  Jersey  City,  N.  J.  2800  w.  Eng 
Rec — April  17,  1909.     No.  4012. 
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See  also  Central  Stations,  under  ELEC- 
TRICAL ENGINEERING,   Generating 
Stations. 
Gas  Producers. 

Producer  Gas  for  Engines.  J.  Emerson 
Dowson.  Considers  the  process  of  mak- 
ing producer  gas  and  some  of  the  chem- 
ical reactions  involved.  Ills.  2500  w.  Na- 
ture— April  15,  1909.  Serial,  is':  part. 
No.  4184  A. 

Suction  Producer  Plants  Using  Culm 
as  Fuel  (Sauggeneratorengasanlagen  mit 
Kohlenloschebetrieb).  Herr  Diedrich.  Il- 
lustrates and  describes  the  producers  in 
two  plants  in  Germany  operating  on  culm, 
fine  coal,  coke  dust,  etc.  3000  w.  Glasers 
Ann— March  i,  1909.    No.  4275  D. 

The  Letombe  Gas  Producers  (Les  Gaz- 
ogenes de  M.  Letombe).   M.  Briill.    Illus- 
trated detailed  description.     1500  w.    Bui 
Soc  d'Encour — March,  1909.    No.  4217  G. 
Oil  Engines. 

Combined     Oil    Engine    and     Dynamo. 
Brief  illustrated  description  of  small  com- 
bined lighting  sets.    500  w.    Engr,  Lond — 
April  2,  1909.    No.  3912  A. 
Producer  Gas. 

The  Use  of  Producer  Gas  in  Chemical 
and  Metallurgical  Industries.  Dr.  Oskar 
Nagel.  Illustrated  description  of  various 
applications.  800  w.  Elec-Chem  &  Met 
Ind — April,  1909.    No.  3661  C. 

HEATING  AND  COOLING. 
Car  Barns. 

Heating  a  Trolley  Car  Barn.  J.  Irving 
Brewer.  Shows  the  application  of  prin- 
ciples recognized  as  good  heating  prac- 
tice, to  the  design  of  the  heating  system 
for  a  trolley  car  barn  suitable  for  inspect- 
ing cars  and  making  light  repairs.  Plan. 
2000  w.     Eng  News — April  29,  1909.     No. 

4359. 

Cooling  Towers. 

Cooling  Towers.  Samuel  K.  Patteson. 
Illustrates  and  describes  methods  of  con- 
serving water  for  condensing  purposes. 
2500  w.  Cassier's  Mag — April,  1909.  No. 
3,^36  B. 

Cooling  Towers  (Ueber  Riickkiihl- 
werke).  E.  Arnold.  A  discussion  of  cool- 
ing tower  practice  and  design  with  re- 
sults of  tests  on  a  number  of  towers.  Ills. 
4500  w.  Stahl  u  Eisen — March  3,  1909. 
No.  4249  D. 

Fans. 

Experiments  on  the  Efficiency  of  Ceil- 
ing Fan  Blades.  L.  Murphy.  Describes 
the  investigations  and  gives  the  results. 
1500  w.  Elec  Rev,  Lond — April  2,  1909. 
No.  3895  A. 

Heat  Transmission. 

Heat  Transmission  Coefficients  (Bei- 
trag  zur  Kenntnis  des  Warmetransmis- 
sionskoeffizienten).  Ludwig  DIetz.  Gives 
the  results  of  a  long  series  of  tests.  Ills. 
3800  w.  Gesundheits-Ing — March  20, 
1909.     No.  4278  D. 


Hot-Air  Heating. 

A  Mechanical  Furnace  Heating  System. 
Plans  and  description  of  the  heating  and 
ventilating  plant  for  the  High  School 
building  at  Barnesville,  Ohio.  4500  w. 
Met  Work — April  10,  1909.  No.  3844. 
Refrigeration. 

The  Renaissance  of  the  Absorption  Ma- 
chine. Jos.  H.  Hart.  Presents  some  of  its 
advantages  in  application  and  operation. 
3500  w.  Engineering  Magazine — May, 
1909.     No.  4343  B. 

Refrigerating  Machine  Operation.  Es- 
pecially discusses  the  details  of  the  im- 
proved absorption  machines.  2500  w. 
Prac  Engr — April  9,  1909.    No.  3993  A. 

The  Use  of  Indicators  in  Refrigeration. 
Samuel  K.  Patteson.  Discusses  the  limita- 
tions of  the  diagram  in  this  work,  its 
meaning  in  compression,  and  its  value, 
especially  in  valve  setting.  3000  w.  Power 
— April  20,  1909.    No.  4050. 

The  First  International  Congress  of  the 
Cold  (Le  premier  Congres  international 
du  Froid).  L.  Marchis.  A  review  of  the 
composition  of  the  congress.  8500  w. 
Rev  Gen  des  Sci — March  15,  1909.  No. 
4223  D. 
Steam  Heating. 

Heating  and  Ventilating  a  Banking 
Building.  Charles  L.  Hubbard.  Draw- 
ings and  descriptions  of  practically  sepa- 
rate systems.  2000  w.  Met  Work — April 
17,  1909.  No.  3984. 
Ventilation. 

Principles  of  Heating  and  Ventilating 
a  Modern  Building.  H.  W.  Woodward. 
General  discussion,  with  illustrated  de- 
scription of  the  heating  and  ventilating 
system  of  the  Cuyahoga  Co.  Court  House, 
Cleveland,  O.,  which  is  a  combination  of 
direct  radiation  and  mechanical  ventila- 
tion. 5000  w.  Ind  Engng — April,  1909. 
No.  4074  C. 

See  also  Steam  Heating,  under  Heat- 
ing AND  Cooling. 

HYDRAULIC  MACHINERY. 

Hydraulic  Tables. 

Hydraulic  Tables.  Joseph  H.  Harper. 
An  outline  of  work  attempted  by  the 
writer.  1500  w.  Jour  Assn  of  Engng 
Socs — Feb.,  1909.    No.  3962  C. 

Pumping  Plants. 

The  Garden  City  Pumping  Plant.  F. 
W.  Hanna.  Illustrated  description  of  a 
power  plant  in  connection  with  an  irriga- 
tion project  in  Kansas.  1200  w.  Eng 
Rec — April  24,  1909.     No.  4168. 

Pumps. 

See  Water  Wheels,  under  Hydraulic 
Machinery. 

Turbine  Plants. 

The  Design  of  Intakes  for  Hydro-Elec- 
tric Plants.  Jean.  Bart.  Balcomb.  Gives 
method  employed  by  the  writer,  describ- 
ing an  actual  case.  1200  w.  Eng  News 
— April  8,   1909.     No.  3854. 
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Means  of  Preventing  Danger  from  High 
Water  in  Water-Power  Plants  (Tech- 
nische  Massnahmen,  urn  den  Riickstau  des 
Hochwassers  fiir  Wasserkraftanlagen 
unschadlich  zu  machen).  Herr  Danck- 
werts.  A  discussion  of  flood-water  regu- 
lation. Ills.  Serial,  ist  part.  2500  w. 
Die  Turbine— March  20,  1909.  No.  4271  D. 
Water  Wheels. 

Current-Pumps  on  the  Clutha  River. 
Frank  Reed.  Drawings,  photograph  and 
description  of  Payne's  patent  current- 
wheel  pumping  plant.  1200  w.  N  Z  Mines 
Rec— Feb.  16,  1909.  No.  3884  B. 
Wave  Motors. 

The  Status  of  the  Wave  Motor.  James 
T.  Barkelew.  Considers  the  dift'erent 
forms  and  their  effectiveness,  cost  of  in- 
stallation and  upkeep.  3000  w.  Power — 
April  13,  1909.     No.  3920. 

MACHINE  ELEMENTS  AND  DESIGN. 
Bolts. 

The   Strength  of   Bolts.     Brief  discus- 
sion of  the  stresses  in  bolts  under  various 
conditions.     900  w.     Mech  Wld — April  9, 
1909.     No.  3990  A. 
Brakes. 

Dynamic    Braking.      Henry    D.    James. 
Considers    applications,   methods    of    con 
trol,  and  cost.    Ills.    2500  w.    Elec  Jour — 
April,  1909.     No.  3952. 

Electrically  Operated  Brakes  for  Indus- 
trial  Purposes.     H.   A.    Steen's   paper  is 
discussed.     4000  w.     Pro  Engrs'   Soc  of 
W  Penn— March,  1909.     No.  3815  D. 
Cams. 

See  Stamp  Mills,  under  MINING  AND 
METALLURGY,     Ore     Dressing     and 
Concentration. 
Chains. 

A  Weldless  Chain  Shackle.     Illustrated 
description    of    the    Kenter    shackle,    ex- 
plaining its  advantages.     1200  w.     Engr, 
Lond — April  9,  1909.     No.  4039  A. 
Crane  Hooks. 

Crane     Hooks.      H.     J.     Mastenbrook. 
Gives  formulae  and  tables  for  calculating 
dimensions,    with    explanation.      600    w. 
Mach,  N  Y — April,  1909.    No.  3642  C. 
Springs. 

A  Study  of  Cylindrical   Spiral   Springs 

(Etude   sur   le   Ressort    a   Boudin).     M. 

Astier.    Mathematical.    Ills.    3000  w.    Rev 

de  Mecan — March,  1909.    No.  4222  E  -|-  F. 

Strength  of  Materials. 

Investigations  of  Transverse  Elasticity 
and  Shearing  Strength  (Versuche  iiber  die 
Schubelastizitat  und  -festigkeit).  M.  Griib- 
ler.  A  report  of  elaborate  tests.  Ills. 
5500  w.  Zeitschr  d  Ver  Deutscher  Ing — 
March  20,  1909.     No.  4294  D. 

MACHINE   WORKS   AND   FOUNDRIES. 
Annealing. 

Annealing  High-Speed  Steel.  O.  M. 
Becker.  Detailed  discussion  of  methods. 
1500  w.  Am  Mach — Vol.  32.  No.  16.  No. 
4107. 


Boiler  Making. 

A  Device  for  Setting  Boiler  Tubes  (Un 
Appareil  a  sertir  les  Tubes  de  Chau- 
dieres).  E.  Sauvage.  Describes  a  method 
of  setting  tubes  devised  by  M.  Gallon. 
Ills.  3200  w.  Bui  Soc  d'Encour — Feb., 
1909.  No.  4215  G. 
Brass  Founding. 

The  Use  of  the  Liver  of  Sulphur  Dip, 
and  Its  Application  in  the  Production  of 
Various  Finishes  on  Metals.  Illustrates 
and  describes  its  action  and  various  fin- 
ishes produced.  2000  w.  Brass  Wld — 
April,  1909.  No.  4109. 
Castings. 

The  Production  of  Sound  Castings. 
Robert  Buchanan.  A  lecture  on  the  ma- 
terials and  methods  necessary  for  the 
production  of  perfect  castings.  10500  w. 
Jour  W  of  Scotland  Ir  &  Steel  Inst — 
Jan.,  1909.     No.  4318  N. 

Interesting  Tests  of  Steel  Castings.  An 
illustrated  account  of  a  ballistic  test  of  a 
cast  steel  cylinder  to  detect  internal 
strains,  and  of  hydrostatic  tests  of  high 
pressure  values.  1200  w.  Ir  Trd  Rev — 
April  29,  1909.  No.  4350. 
Chain  Making. 

Chains  Without  Transverse  Welds.  Il- 
lustrated description  of  a  new  method  for 
the  manufacture  of  chains  of  every  kind 
and  size,  invented  by  Alfred  Marion,  of 
Brussels.  1200  w.  Engr,  Lond — March 
26,  1909.     Serial,     ist  part.     No.  3792  A. 

See     also     Forging,     under     Machine 
Works  and  Foundries. 
Cutting  Tools. 

Tests  of  Lathe  Tools  for  Finishing 
Cuts.  W.  A.  Knight.  Gives  diagrams  ob- 
tained by  means  01  a  special  indicator, 
with  description  of  tests.  Ills.  3000  w. 
Am  Mach — Vol.  32.  No.  14.  No.  3832. 
Drilling. 

High  Speed  Drilling  Tests.  George  E. 
Hallenbeck.  Gives  results  of  tests  made 
with  high  speed  drills  on  the  Baker  high- 
speed drilling  machine.  Ills.  1000  w.  Ir 
Age — April  29,  1909.  No.  4326. 
Drilling  Machines. 

Two  Machine  Tools.  Illustrated  de- 
tailed descriptions  of  new  designs  for  a 
duplex  horizontal  boring  and  turning  mill, 
and  a  duplex  four-spindle  drilling  ma- 
chine. 1200  w.  Engr,  Lond — April  16, 
1909.  No.  4306  A. 
Enamelling. 

See  Furnaces,  under  Machine  Works 
AND  Foundries. 
File  Testing. 

See   Tool   Steels,   under  Materials  of 
Construction. 
Forging. 

The  Making  of  Large  Drop  Forgings. 
K  F.  Lake.  Describes  the  machines,  dies, 
and  steel  used,  and  the  operations  in  forg- 
ing a  400-lb.  crank  shaft.  Ills.  1500  w. 
Am  Mach— Vol.  32.    No.  15.    No.  3940. 
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The  Forging  of  Hooks  and  Chains, 
James  Cran.  Information  concerning  the 
diameter  and  length  of  material  to  use 
for  different  capacities,  methods,  etc.  Ills. 
2000  w.  Mach,  N  Y — April,  1909.  No. 
3646  C. 
Foimdries. 

A  Modern  Pacific  Coast  Foundry.     H. 

Cole  Estep.     Illustrated   description  of   a 

new    casting   plant   in    Portland,    Oregon. 

2000  w.     Foundry — April,  1909.     No.  3732. 

Foundry  Equipment. 

Some  Considerations  on  the  Use  of 
Electricity  in  Foundries.  J.  W.  Warr. 
How  electricity  can  be  applied  to  foundry 
work,  with  suggestions  as  to  the  best 
methods  to  insure  efficient  working.  3500 
w.  Elec  Rev,  Lond — April  16,  1909.  No. 
4191  A. 

See   also    Sand   Blast,    under   Machine 
Works  and  Foundries. 
Furnaces. 

Furnaces  for  and  Methods  of  Harden-- 
ing.  C.  U.  Scott.  Illustrates  a  hardening 
room  and  its  equipment,  describing 
methods  of  hardening,  annealing,  temper- 
ing, etc.  3500  w.  Am  Mach — Vol.  32. 
No.  17^    No.  4353. 

A  New  Electrical  Hardening  Furnace, 
E.  Sabersky  and  E.  Adler.  Abstract  of  a 
paper  before  the  Faraday  Soc.  Explains 
the  working  principle.  3500  w,  Elec 
Engr,  Lond — April  2,  1909.    No.  3894  A. 

Muffle  Furnaces  for  Use  in  the  Enamel- 
ling and  Other  Industries  (Muffelofen 
fiir  Emaillierwerke  und  andere  indus- 
trielle  Zwecke).  Ernst  A.  Schott.  Illus- 
trated description  of  various  types.  2500 
w.  Serial,  2  parts.  Giesserei-Zeit — March 
15,  and  April  i,  1909.  No,  4257  each  D. 
Gear  Cutting. 

Cutting  Helical  Gears  on  the  Brown 
and  Sharpe  Automatic  Screw  Machine. 
Illustrated  detailed  description.  2000  w. 
Mach,  N  Y — April,  1909.    No.  3649  C. 

The  Making  of  Gear  Shaper  Cutters, 
Considers  the  generation  of  curved  sur- 
faces as  applied  to  the  making  of  the 
formed  cutters  for  the  Fellows  gear 
shaper.  Ills.  2500  w.  Am  Mach — Vol. 
32.  No.  15.  No.  3939. 
Grinding  Wheels. 

The  Making  of  Modern  Grinding 
Wheels.  Gives  an  illustrated  outline  of 
the  process  by  which  carborundum  is 
made,  and  its  manufacture  into  grinding 
wheels.  200a  w.  Am  Mach — Vol.  32. 
No.  13.  No.  3651, 
Gun  Making. 

Making  Big  Guns  at  Bethlehem  Steel 
Co,  E.  F.  Lake.  Illustrates  and  describes 
interesting  features  of  work  on  guns  for 
the  U.  S.  ■  Government.  1500  w.  Am 
Mach — Vol.  32.  No.  14.  No.  3831. 
Lathes. 

Special  French  Lathes  for  Bar  Work, 
Joseph    G.    Horner,      Illustrated    detailed 


description  of  one  of  these  lathes  and  its 
operation.     1200  w.     Am  Mach — Vol.  32. 
No,  17.     No.  4354, 
Machine  Tools. 

Elements  of  Machine  Manufacture, 
Fred  J,  Miller.  Lecture  at  Columbia 
Univ.,  N,  Y.  Discusses  the  design,  con- 
struction, strength,  cost,  etc.,  of  machine 
tools.  Diagrams.  5000  w.  Mach,  N  Y — 
April,  1909.     No.  3647  C. 

The  Factors  Influencing  the  Efficiency 
of  Metal- W9rking  Machine  Tools,  M,  H, 
Landis.  Brief  consideration  of  the  many 
factors  affecting  the  efficiency.  1000  w. 
Sib   Jour   of    Engng — March,    1909.     No. 

4053  c. 

See     also     Shops,     under     RAILWAY 
ENGINEERING,     Motive     Power    and 
Equipment, 
Magnetic  Separators. 

Magnetic  Separators  for  Various  Uses. 
S.  R.  Stone.  Illustrates  and  describes 
methods  of  separating  iron  products  from 
sand,  clay,  coke,  coal,  scrap,  junk,  etc.,  and 
the  saving  effected,  •  2500  w.  Am  Mach 
— Vol.  32.  No,  17.  No,  4352. 
Milling  Cutters. 

The  Design  of  Milling  Cutters,  C,  J. 
Morrison.  Outlines  practice  said  to  pro- 
duce efficient  cutters  at  low  cost.  Ills. 
1500  w.  Am  Engr  &  R  R  Jour — April, 
1909.     No.  3799  C. 

Tools  for  Milling  Turbine  Buckets, 
William  E.  Snow.  Illustrates  and  de- 
scribes the  rotary  milling  attachment, 
special  cutters,  and  a  cutter-driving  de- 
vice. 1000  w.  Am  Mach — Vol,  32.  No. 
14.  No,  3835. 
Molding. 

Plaster  of  Paris  Molds  and  the  Method 
of  Casting  Metals  in  Them.  An  illus- 
trated article  discussing  materials  and 
methods,  especially  the  methods  used  by 
the  Gorham  Mfg.  Co.  5000  w.  Brass  Wld 
— April,  1909.     No.  4108. 

Making  Mold  Joints  and  Partings. 
James  F.  Buchanan,  Suggestions  for 
molders.  Ills.  2000  w.  Foundry — April, 
1909.     No,  2,72,S. 

Hinged  Match  Plate  for  Stone  Work. 
Illustrated  description  of  a  new  process 
for  molding  stone  plates  which  permits  of 
returning  the  pattern  to  the  mold.  2500 
w.     Foundry,     April,  1909.     No.  :^72,i. 

Propeller  Molding,  Useful  hints,  with 
illustrations.  1700  w,  Sci  Am  Sup — 
April  10,  1909.     No,  3842, 

Castings    for    Printing   Presses.      Illus- 
trates and  describes  methods  of  molding 
large     gray     iron     cylinders.       2500     w. 
Foundry — April,  1909.     No.  3734. 
Molding  Sand. 

Automatic  Sand-Preparing  Apparatus. 
Illustrated  description  of  an  apparatus  for 
the  automatic  preparation  of  molding 
sand,  1000  w,  Engng — April  2,  1909.  No, 
3908  A. 
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Pattern  Plates. 

Reversible  Pattern  Plate  Process. 
George  Miintz.  Illustrates  and  describes  a 
new  and  simple  method  of  producing 
these  plates  for  foundry  use.  1800  w. 
Foundry — April,  1909.  No.  27ZZ- 
Sand  Blast. 

The  Sand  Blast  in  Foundry  Cleaning 
(Das  Sandslrahlgeblase  in  der  Gussputz- 
crei).  W.  Caspari.  Describes  various  sys- 
tems, the  uses  of  the  sand  blast,  and  appa- 
ratus for  a  variety  of  purposes.  Ills.  Se- 
rial, 1st  part.  2800  v^.  Stahl  u  Eiscn — 
March  17,  1909.    No.  4251  D. 

Scraping. 

Labor-Saving  Devices. for  Scraping  Op- 
erations. Alfred  Spangenbcrg.  Illustrates 
and  describes  a  number  of  devices  for 
pulling,  holding,  etc.  2000  w.  Mach,  N  Y 
— April,  1909.   No.  3644  C. 

Sheet  Metal  Work. 

Punch  and  Die  for  Corrugating  Thin 
Copper  Sheets.  A.  L.  Monrad.  Illustrat- 
ed description  of  punch  and  die  designed 
for  forming  copper  corrugations  from  cop- 
per sheets.  2000  w.  Mach,  N  Y — April, 
1909.    No.  3645  C. 

Shop  Appliances. 

Tools  for  the  Workshop.  I.  G.  Bayley. 
The  present  number  describes  a  carpen- 
ter's clamp,  and  a  steam  box.  Ills.  700  w. 
Sci  Am — April  24,  1909.  Serial,  ist  part. 
No.  41 12. 

Some  Interesting  Shop  Tools  and  Meth- 
ods. Describes  interesting  applications  of 
concrete,  tools  and  fixtures  in  use  in 
Greenfield,  Mass.  Ills.  1600  w.  Am 
Mach — Vol.  32,  No.  14.   No.  3833. 

Some  Test  Fixtures  and  a  Milling  At- 
tachment. Illustrates  and  describes  tools 
used  in  finishing  and  testing  the  parts  of 
the  Burroughs  adding  machine.  1200  w. 
A.m  Mach — Vol.  z^.,  No.  15,     No.  3941. 

Special  Tools  and  Devices  for  Automo- 
bile Factories.  Ethan  Viall.  Illustrates 
and  describes  devices  used  at  the  factory 
of  the  E.  R.  Thomas  Motor  Co.,  Buffalo, 
N.  Y.  800  w.  Mach,  N  Y— April,  1909. 
No.  3641  C 
Shop  Hygiene. 

Improvements  in  the  Hygienic  Arrange- 
ment and  Operation  of  Workshops  (Per- 
fectionnements  hygieniques  realises  dans 
ITnstallation  et  la  Fonctionnement  des 
Ateliers  industriels).  \  review  of  the  re- 
port of  the  French  Minister  of  Industry, 
covering  heating,  ventilation,  lighting,  etc. 
4500  w.  Rev  d'Econ  Indus — Mar.  16,  1909. 
No.  4200  D. 

Shop  Practice. 

Machine  Shop  Practice.  The  present 
number  describes  cylindrical  grinding,  il- 
lustrating machines.  2000  w.  Mach.  N  Y 
— April,  1909.    Serial,  ist  part.   No.  3O50  C. 

Machining  Petrol  Motor  Cylinders. 
Sydney  Laurence.    Illustrated  detailed  de- 


scription of  tools  and  methods  used.  12O0 
w.  Mech  Wld — April  9,  1909.  Serial,  ist 
part.    No.  3991  A. . 

Building  the  Pierce  Great  Arrow  Car. 
Illustrated  description  of  methods,  tools, 
etc.,  used  in  a  plant  at  Buffalo,  N.  Y.  2500 
w.    Am  Mach — Vol.  2>2,  No.  15.    No.  3938. 

Record  Breaking  Engine  Building.  An 
illustrated  account  of  the  building  oi  a 
2^6  X  72-inch  heavy-duty  Corliss  engine  in 
30  days.  1200  w.  Am  Mach — Vol.  32.  No. 
16.    No.  4103. 

Building  the  Rotors  of  High-Speed  Hy- 
draulic Turbines  (Construction  en  Serie 
des  Roues  mobiles  des  Turbines  mixtes  a 
grande  Vitesse).  Jacques  Lafitte.  Dis- 
cusses the  methods  of  molding  and  attach- 
ing the  canes.  Ills.  2000  w.  Genie  Civil — 
March  6,  1909.     No.  4234  D. 

Shops. 

See  same  title,  under  RAILWAY  EN- 
GINEERING, Motive  Power  and  Equip- 
ment. 

Tempering. 

The  Tempering  of  High  Speed  Steel. 
O.  M.  Becker.  Describes  methods  used, 
and  gives  temperature  data.  2500  w.  Am 
Mach— Vol.  32,  No.  14.  No.  3836. 

Gaging  Heats  for  Hardening  Carbon 
Steel.  James  Cran.  Brief  discussion  of 
effect  of  carbon  content,  use  of  magnetic 
needle,  and  related  matters.  1500  w.  Am 
Mach — Vol.  32,  No.  14.    No.  3834. 

A  Modern  English  Hardening  Room. 
M.  Thornton  Murray.  Illustrates  and  de- 
scribes a  typical  modern  room  in  a  plant 
at  Manchaster,  England.  2500  w.  Am 
Mach — Vol.  32,  No.  13.   No.  3653. 

See    also    Furnaces,    under    Machine 
Works  and  Foundries. 
Tool  Rooms. 

Tool    Rooms   for    Small    Shops.    F.    C. 
Myers.     Remarks   and   suggestions   for   a 
system  of  caring  for  tools.    1400  w.    Mech 
Wld — April  9,  1909.    No.  3989  A. 
Welding. 

Liquid  Gas  for  Welding  and  Lighting. 
E.  F.  Lake.  Illustrates  and  describes  the 
manufacture  and  properties  of  the  gas, 
and  its  uses  for  welding,  lighting,  brazing, 
etc.  2200  w.  Am  Mach — Vol.  32.  No.  16. 
No.  4T05. 

Aluminum  Casting  Repairs.  Henry 
Cave.  Illustrated  descriptions  of  the  suc- 
cessful application  of  the  oxy-acetylene 
blow-pipe.  1200  w.  Ir  Age — April  22, 
1909.    No.  410T. 

Repair  of  Aluminum  Castings  by  Oxy- 
Acetylene.  Henry  Cave.  Illustrates  and 
describes  the  successful  welding  of  alumi- 
num by  this  process.  1200  w.  Automobile 
— April  22,  1909.   No.  4145. 

Autogenous  Welding  of  .Aluminum.  M. 
U.  Schoop.  A  report  of  experimental 
study  and  success.  2000  w.  Elec-Chem  & 
Met  Ind — April,  1909.    No.  3658  C. 
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Autogenous  Welding  as  a  Means  of  Re- 
pairing Cylinders.  Henry  Cave.  Illus- 
trates and  describes  repairs  made  by  the 
use  of  the  oxy-acetylene  flame.  1800  w. 
Mach,  N  Y— April,  1909.   No.  3643  C. 

Cylinders  Repaired  by  Autogenous 
Welding.  Henry  Cave.  Illustrates  and 
describes  the  work  as  done  with  Davis- 
Bournonville  apparatus.  1800  w.  L  Age — 
April  15,  1909.    No.  3934- 

Welding  Plates  by  Machine  and  the 
Testing  of  Welded  Joints  (Das  Schweis- 
sen  von  Blechen  auf  Schweisstrassen  und 
die  Priifung  der  Schweissnahte).  C.  Die- 
gel.  Describes  the  process  of  water-gas 
welding,  its  advantages,  and  results.  Ills. 
3300  w.  Zeitschr  d  Ver  Deutscher  Ing — 
March  13,  1909-   No.  4293  D. 

See  also  Rail  Bending,  under  STREET 
AND  ELECTRIC  RAILWAYS. 

MATERIALS  OF  CONSTRUCTION. 

Alloys. 

"Ferro-Bronzes."  Robert  Grinishaw. 
Describes  some  new  alloys  and  their  com- 
position. 1200  w.  Sci  Am  Sup — April  24, 
1909.    No.  4115. 

See  also  Solders,  under  Materials  of 
Construction. 
Alloy  Steels. 

The  Influence  of  Nickel  and  Carbon  on 
Iron  (Der  Einfluss  von  Nickel  und  Kohl- 
enstoff  auf  Eisen).  G.  Goldberg.  A  re- 
view of  the  results  obtained  and  the  con- 
clusions reached  by  various  investigators. 
Ills.  2600  w.  Serial,  2  parts.  Giesserei- 
Zeit— Alarch  15,  and  April  i,  1909.  No. 
4255  each  D. 

The  Properties  of  Nickel  Steel  (Zur 
Kenntnis  der  Festigkeitseigenschaften  des 
Nickelstahles).  Gives  results  of  tests  of 
the  strength  of  nickel  steels  of  various 
compositions  and  under  various  condi- 
tions. Ills.  1400  w.  Stahl  u  Eisen — March 
24,  1909.  No.  4252  D. 
Bronzes. 

Japanese  Bronzes  (Japanische  Bronz- 
en).  Paul  Martell.  A  discussion  of  the 
composition  and  manufacture  of  these  al- 
loys. 2500  w.  Giesserei-Zeit — March  i, 
1909.  No.  4254  D. 
Copper, 

Fatigue  of  Copper  Pipes.  James  M. 
Allan.  A  report  of  experimental  investi- 
gations. Plates.  Discussion.  7500  w. 
Trans  N-E  Coast  Inst  of  Engrs  &  Ship- 
bldrs — March,  1909.    Serial,  ist  part.    No. 

3954  N. 

The  Characteristics  of  Copper  Under 
Various  Conditions.  George  W.  Hands- 
comb.  Abstract  of  paper  read  before  the 
Inst,  of  Marine  Engrs.  Deals  with  the 
manipulation  of  this  metal  at  the  hands  of 
the  copper  worker.  2500  w.  Ir  &  Coal 
Trds  Rev— March  26,  1909.  Serial,  ist 
part.  No.  3820  A. 
Heat  Insulation. 

Heat  Insulating  Materials.  A  new  meth- 


od of  determining  thei*"  value,  explained 
in  an  article  by  Wilhelm  Nusselt,  in  the 
Zeit.  fur  die  Gesamte  Kalte  Ind.  2000  w. 
Ice  &  Cold  Storage — April,  1900.  Serial, 
1st  part.  No.  3888  A. 
Metallography. 

The  Behavior  of  Metals  Under  Stress. 
Prof.  Chapman.  Presidential  address  on 
the  microstructure  of  n.etals,  their  fatigue 
and  the  scientific  side  of  engineering  prac- 
tice. 3,500  w.  Aust  Min  Stand — Feb.  24, 
1909.   Serial,  ist  part.   No.  3880  B. 

Transparency  of  Metals.  J.  Horton. 
Considers  experimental  study  of  the  op- 
tical phenomena  of  thin  metallic  films. 
1000  w.  Cassier's  Mag — April,  1909.  No. 
3640  B. 

Metallography  of  Steel.  O.  F.  Hudson. 
Read  before  the  Birmingham  Assn.  of 
Mech.  Engrs.  Considers  the  effect  of  heat 
treatment  on  steel  and  the  importance  of 
microscopic  testing.  3000  w.  Mech  Engr — 
April  9,  1909.    No.  403T  A. 

The  Examination  of  Metals  (Ueber 
Metallforschung).  H.  Winter.  A  review 
of  the  general  principles  of  the  micro- 
scopic examinations  of  metals,  with  exam- 
ples of  metallographic  studies.  Ills.  4800 
w.  Glijckauf — March  27,  1909.  No. 
4266  D. 

See  also  Alloys,  under  MINING  AND 
METALLURGY,  Miscellany. 

Solders. 

Solders  and  Fusible  Alloys.    S.  K.  Pat- 
teson.    Their  composition,  action,   utiliza- 
tion,  etc.,   are   discussed.     1800  w.    Mech 
Wld— March  26,  1909.    No.  3783  A. 
Standardization. 

See      Shipbuilding,     under     MARINE 
AND  NAVAL  ENGINEERING. 
Steel. 

The  Elasticity  and  Fatigue  of  Wrought 
Iron  and  Steel.  Henry  S.  Pritchard.  Ex- 
plains these  terms  as  applied  to  metals, 
and  the  phenomena,  giving  results  of  ex- 
perimental study  of  stresses,  overstrain, 
etc.  5000  w.  Ind  Engng — April,  1909.  No. 
4075  c. 

See   also   Metallography,    under   Mate- 
rials OF  Construction. 
Tool  Steels. 

High-Speed  Steel.  A  report  of  tests 
made  at  Nash's  Test  House,  Sheffield, 
England.  700  w.  Engr,  Lond — April  2, 
1909.    No.  391 1  A. 

The  Testing  of  Files  and  Tool  Steel. 
Edward  G.  Herbert.  Read  before  the 
Manchester  Assn.  of  Engrs.  Shows  the 
importance  of  file  testing  in  workshop 
economy,  and  illustrates  and  describes  a 
machine  used  in  making  the  tests,  giving 
results,  efficiency,  etc.  6000  w.  Mech 
Engr — April  2,  1909.  Serial,  ist  part. 
No.  3901  A. 
Wrought  Iron. 

See  Steel,  under  Materials  of  Con- 
struction. 
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MEASUREMENT. 
Calorimeters. 

An  Automatic  Calorimeter  (Auto- 
matischcs  Kalorimctcr).  Herm.  F.  Lichte. 
Describes  the  principle  and  operation  of 
the  Junker  continuous  recording  calorim- 
eter. Ills.  T500  w.  Giesserei-Zeit — 
March  15,  1909.  No.  4256  D. 
Ergometer. 

The  Inertia  Ergometer  of  Joseph  Doyen 
and  the  Resulting  Dynamometrical  Meth- 
ods. A.  Huberti  and  J.  Doyen.  De- 
scribes this  instrument  for  measuring  the 
work  of  the  inertia  forces,  and  its  use. 
5000  w.  Bui  Int  Ry  Cong — March,  1909. 
No.  3955  G. 
Gages. 

Limit  Gages  and  Thread  Micrometers. 
Discusses  the  need  and  use  of  limit  gages 
in  plain  and  threaded  work  and  a  mi- 
crometer for  measuring  the  flats.  Ills. 
1500  w.    Am  Mach — Vol.  32,  No.  13.    No. 

3654- 
Micrometers. 

See  Gages,  under  Measurement. 
Pyrometry. 

Temperature  Determination  and  Con 
trol  for  High-Speed  Steel  Treatment.  O. 
M.  Becker.  First  of  two  articles  review- 
ing methods  and  instruments  in  practical 
use  in  industrial  processes.  Ills.  2500  w. 
Engineering  Magazine — May,  1909.  No. 
4339  B. 

Pyrometers  for  Measurement  of  High 
Temperature.  Richard  P.  Brown.  Illus- 
trates and  describes  many  types  of  instru- 
ments used  industrially.  3500  w.  Pro 
Engr  Club  of  Phila— Oct.,  1908.  No. 
4325  D. 
Tachometers. 

A  New  Revolution  Recorder  and  Indi- 
cator. F.  F.  Uehling.  Illustrated  descrip- 
tion of  mechanisms  designed  by  the 
writer.  1200  w.  Stevens  Ind-r-Jan.,  1909. 
No.  381 1  D. 

Speed  Measuring  Instruments  and 
Their  Testing  (Ueber  Geschwindigkeits- 
messer  und  deren  Pnifung).  A.  Wage- 
ner.  Describes  an  apparatus  for  testing 
speed-measuring  instruments  in  the  labo- 
ratory. Ills.  3,500  w.  Zeitschr  d  Ver 
Deutscher  Ing — March  27,  1909.  No. 
4296  D. 
Water. 

See  Boiler  Waters,  under  Steam  Engi- 
neering. 

POWER  AND  TRANSMISSION. 

Air  Compressors. 

The  Compressed  Air  Plant  for  the 
Rondout  Siphon.  Illustrated  description 
of  the  power  plant  for  work  on  this  por- 
tion of  the  Catskill  Aqueduct.  2000  w. 
Eng  Rec — April  10,  1909.  No.  3861. 
Belt  Driving. 

Belting  Compared  with  Chain  Trans- 
mission.     Harrington    Emerson.      Paper 


read    before    the    Leather    Belting    Mfrs.' 
Assn.     Some  statements  in  regard  to  the 
service    of    chains    and    belts.       1200    w. 
Power — April  6,  1909.     No.  3769. 
Costs. 

Notes  on  the  Cost  of  Power.  H.  G. 
Stott.  Compiled  with  the  aim  of  show- 
ing the  fundamental  relations  between  the 
various  items  that  make  up  the  cost.  700 
w.  Diagrams.  Pro  Am  Inst  of  Elcc 
Engrs— April,  1909.     No.  3959  F. 

Reducing  the  Cost  of  Power  in  Works 
and  Factories.  Joseph  A.  Jcckell.  Read 
before  the  Birmingham  (Eng.)  and  Dis- 
trict Elec.  Club.  Calls  attention  to  waste- 
ful methods  of  making  and  using  power. 
3000  w.  Elec  Engr,  Lond — March  26, 
IQ09.  No.  3776  A. 
Electric  Driving. 

Emergency  Connections  for  Electric 
Motors.  C.  V.  Hull.  Describes  departures 
from  conventional  methods,  used  in  emer- 
gencies. 1200  w.  Power — April  27,  1909. 
No.  4312. 

Slow-Speed  Drive  of  Singh-Motor  Web 
Presses.     S.     H.     Sharpsteen.     Discusses 
methods   of  control.     Ills.    2500   w.    Elec 
Rev.,  N  Y — April  17,  1909.   No.  3996. 
Gas  Power. 

The  Value  of  Gas  Power.  Charles  E. 
Lucke.  Brief  discussion  of  the  conditions 
that  fix  the  best  field  for  the  gas  power 
plant,  giving  information  of  cost,  fixed 
charges,  etc.  5500  w.  Pro  Soc  of  Ap  Sci 
— Session  1908-1909.  No.  4096  C. 
Power  Plants. 

Power  Plant  of  West  Point  Military 
Academy.  Illustrated  detailed  description 
of  the  plant  for  lighting,  heating  and 
power  purposes.  6000  w.  Power — April 
27,  1909.   No.  4309. 

Increasing  the  Efiiciency  of  Factory 
Power  Houses.  R.  A.  Smart.  Considers 
points  affecting  the  general  efficiency  and 
economy  of  the  plant.  Ills.  70CO  w.  Elec 
Jour — April,  1909.   No.  3950. 

Combined  Lighting  and  Heating  Plants 
for  Modern  Commercial  Buildings  (Die 
kombinierte  Beleuchtung  und  Heizung 
modcrner  Gcschaftsgebaude).  Carl  Fred. 
Holmboc.  Discusses  their  design  and  first 
and  operating  costs.  Ills.  20CO  w.  Elek- 
trotecli  u  Maschinenbau — March  14,  1909. 
No.  4287  D. 
Shafting. 

Hanging  Wires  and  Shafting  in  a  Con- 
crete Factory.  Methods  used  in  concrete 
factory  buildings  at  Hoboken.  N.  J.,  as 
described  by  Morris  W.  Lee  in  The  Ar- 
mour Engr.  2500  w.  Eng  Rec — April  24, 
1909.   No.  4172. 

STEAM  ENGINEERING. 
Boiler  Design. 

Bracing    Dome    Heads.      James    Smith. 
Illustrated   descriptions  of  methods   used. 
1000  w.    Power — April  6,  190Q.    No.  3767. 
The  Riveted  Joints  of  Cylindrical  Boil- 
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ers.  H.  K.  Spencer.  Discusses  only  those 
joints  commonly  used  in  C3'lindrical  boil- 
ers. Ills.  3500  w.  Int  Marine  Engng — 
April,  IQ09.   No.  3682  C. 

Boiler  Draft. 

The  Significance  of  Drafts  in  Steam- 
Boiler  Practice.  Walter  T .  Ray  and 
Henry  Kreisinger.  An  illustrated  report 
of  experimental  investigations  in  regard  to 
the  passage  of  air  through  fuel  beds  and 
boilers.  12000  w.  U  S  Geol  Surv — Bui 
2,67.  No.  41 16  N. 
Boiler  Furnaces. 

Principles  of  Furnace  Design  for 
Smokeless  Combustion.  C.  H.  McClure. 
Read  before  the  Am.  Chem.  Soc.  Dis- 
cusses the  conditions  required  for  smoke- 
less combustion,  and  types  that  have 
proved  both  smokeless  and  eflficient.  2500 
w.   Boiler  Maker — May,  1909.   No.  4182. 

Tube  Tiles  Used  to  Form  Furnace 
Roofs.  A.  Bement.  Illustrates  and  de- 
scribes the  encircling  of  the  lower  row  of 
tubes  in  a  water-tube  boiler  with  refrac- 
tory firebrick  tiles  to  increase  efficiency 
and  prevent  smoke.  1200  w.  Power — 
April  6,   1909.     No.  3766. 

See  also  Fuels,  under  Steam  Engineer- 
ing. 
Boiler  Inspection. 

Harnessing  Power  in  Greater  New 
York.  A.  C.  Rowsey.  An  explanation  of 
the  work  of  the  Boiler  Inspection  Bureau, 
and  its  great  responsibility.  5000  w. 
Power — April  20,  1909.  No.  4046. 
Boiler  Waters. 

Measuring  Boiler  Feed  Water.  W.  R. 
Degenhardt.  Illustrates  and  describes 
Harding's  revolution  counter.  900  w. 
Aust  Min  Stand — March  3,  1909.  No. 
3881  B. 
Condensers. 

The  Theory  of  Steam  Condensers. 
Thomas  C.  McBride.  A  statement  of  the 
fundamental  laws  governing  the  operation 
of  condensers,  the  measurements  to  be 
taken,  and  the  instruments  employed. 
Discussion.  4500  w.  Pro  Engrs'  Club  of 
Phila — Oct.,  1908.  No.  4322  D. 
Cooling  Towers. 

See    same    title,    under    Heating    and 
Cooling. 
Engine  Bearings. 

Hot  Bearings ;'  Some  Causes  and  Reme- 
dies.    H.  S.  Brown.     Diagrams.    2000  w. 
Power — April  6,  1909.   No.  3768. 
Engine  Design. 

Steam  Engine  Design.  The  present  arti- 
cle discusses  general  proportions,  cylinder 
ratios,  cut-off  and  expansions,  temperature 
range  and  pressures.  1200  w.  Prac  Engr 
— March  26,  1909.  Serial,  ist  part.  No. 
3782  A. 
Engine  Lubrication. 

Forced  Lubrication.  Henderson  B. 
Gregory.  An  illustrated  general  descrip- 
tion of  the  installation  and  operation  as 


applied  to  large  marine  reciprocating  en- 
gines.    1200  w.     Jour  Am   Soc  of   Nav 
Engrs — Feb.,  1909.    No.  4058  H. 
Engine  Operation. 

Analysis  of  Steam  and  Inertia  Forces. 
F.  W.  Hollman.  Graphical  explanation  of 
the  inertia  forces  of  a  tandem-compound 
engine  and  their  combination  with  the 
steam  forces  in  each  cylinder.  1200  w. 
Power — April  6,  1909.  No.  3765. 
Engines. 

Compound  Semi-Portable  Engine  and 
Superheater.  Brief  illustrated  description 
of  an  engine  of  this  type.  900  w.  Engr, 
Lond — April  9,  1909.    No.  4040  A. 

New  Compound  Tandem  Condensing 
^  Engine  for  Sheet  Mills.  Illustrated  de- 
scription of  engine  recently  installed  at 
the  Eclipse  Ironworks,  Glasgow.  Plate. 
1200  w.  Ir  &  Coal  Trds  Rev — April  9, 
1909.  No.  4044  A. 
Flue-Gas  Analysis. 

Flue  Gas  Analysis.  Arthur  E.  Jones. 
Abstract  of  paper  read  before  the  Staf- 
fordshire Ir.  &  St.  Inst.  Shows  the  value 
of  analysis,  giving  metliods  of  procedure 
and  results.  3000  w.  Ir  &  Coal  Trds  Rev 
— April  9,  1909.    No.  4045  A. 

Description,   Installation   and   Economy 
of    COo    Recorders.     Will    F.    McKnight. 
Ills.   2500  w.    Pro  Soc  of  Ap  Sci — Session 
1 908- 1 909.    No.  4095  C. 
Fuel  Oil. 

See   Oil   Fuel,   under   MARINE   AND 
NAVAL  ENGINEERING. 
Fuels. 

Selection  of  Coal  for  Boiler  Furnaces. 
D.  T.  Randall.  Read  at  111.  Coal  Confer- 
ence. Considers  the  effect  of  furnace  de- 
sign, and  the  influence  of  certain  charac- 
teristics of  coal.  3500  w.  Power — April  6, 
1909.    No.  3770. 

The  Selection  and  Purchase  of  Coal  for 
Boiler  Furnaces.  D.  T.  Randall.  Parts  of 
an  address  before  the  111.  Fuel  Con.  Sug- 
gestions for  designing  small  steam  power 
plants,  discussing  certain  characteristics 
of  coal  and  their  influence.  2500  w.  Eng 
News— April  8r  1909.    No.  3856. 

Low-Grade  Fuels  and  the  Power  Plant. 
C.  M.  Ripley.  Considers  the  relative 
values  of  steam  fuels,  use  of  coke  screen- 
ings, low-grade  fuels,  etc.  2000  w.  Elec 
Wld— April  I,  1909.    No.  3754-  | 

Fuel  Testing. 

See  Analysis,  under  MINING  AND 
METALLURGY,  Coal  and  Coke. 

Mechanical  Stokers. 

Recent  Boiler  Stoking  Plants  Built  by 
Carl  Schenck,  Darmstadt  (Neuere  Kessel- 
bekohlanlagen  gebaut  von  Carl  Schenck, 
Darmstadt).  Oskar  Brix.  Illustrates  the 
arrangement  of  bunkers,  conveying  de- 
vices and  mechanical  stokers  in  several 
plants.  Serial,  ist  part.  5500  w.  Zeitschr 
d  Ver  Deutscher  Ing— March  6,  1909.  No. 
4291  D. 


We  supply  copies  of  these  articles.     See  page  483. 


MECHANICAL   ENGJNEERJNG. 


469 


Piston  Speed. 

A  Simple  Method  of  Determininj:;  the 
Acceleration  of  an  Engine  Piston  (Meth- 
ode  simple  ponr  Ic  Calcnl  des  Accelera- 
tions dii  Piston  d'une  Machine).  Armand 
Duchesne.  Mathematical.  Ills.  2000  w. 
Bill  Sci  de  I'Assn  des  Eleves — Feb.,  1909. 
No.  4204  D. 
Safety  Valves. 

I.  Safety  Valves.  Frederic  M.  Whyte. 
II.  Safety  Valve  Capacity.  Philip  G.  Dar- 
ling. Two  papers  with  discussion.  Ills. 
18300  w.  Jour  Am  Soc  of  Mech  Engrs — 
April,  1909.   No.  3966  F. 

Steam  Pipes. 

Danger  from  Water  Hammer  in  Steam 
Pipes.  Howard  S.  Knowlton.  Gives  ex- 
amples of  damage  to  pipes  and  valves, 
explaining  how  to  avoid  water  hammer. 
Ills.  2000  w.  Power — April  20,  1909. 
No.  4048. 

Explosion  of  Steam  Pipes  Due  to  Water 
Hammer.  C.  E.  Stromeyer.  Read  before 
the  Inst,  of  Nav.  Archts.  An  account  of 
investigations  giving  diagrammatic  repre- 
sentations of  typical  cases  of  water-ham- 
iTier,  with  notes.  4500  w.  Mech  Engr — 
April  9,  1909.   No.  4029  A. 

Superheating. 

The  Properties  of  Superheated  Steam. 
Henry  T.  Eddy.  Gives  results  of  recent 
experimental  investigations  as  to  the  spe- 
cific heat  of  superheated  steam,  aiming  to 
place  the  information  in  a  form  readily 
applicable.  Charts.  1500  w.  Minn  Engr 
— March,  1909.     No.  4065  C. 

Turbine  Nozzles. 

The  Design  of  Steam  Turbine  Nozzles 
(Die  Diisen  der  Dampfturbinen  und  die 
Berechnung  ihrer  Dimensionen).  J.  W. 
Haeussler.  Theoretical  and  mathematical. 
Serial,  1st  part.  3000  w.  Die  Turbine — 
March  20,  1909.    No.  4272  D. 

Turbine  Operation. 

Windage  Losses  in  Steam  Turbines 
with  Partial  Admission  (Ventilatlons- 
verlust  in  Dampfturbinen  mit  Teilbeauf- 
schlagung).  W.  J.  Jasinsky.  Mathemat- 
ical discussion  and  report  of  investiga- 
tions. Ills.  Serial,  ist  part.  5500  w. 
Zeitschr  d  Ver  Deutscher  Ing — March  27, 
1909.    No.  4297  D. 

Turbines. 

Steam  Turbines.  H.  A.  Hussey.  An 
illustrated  explanation  of  types  and  their 
operation.  '  2500  w.  Cal  Jour  of  Tech- 
March,  1909.    No.  3948. 

The  Field  and  Future  of  the  Low- 
Pressure  Steam  Turbine.  Ira  N.  Hollis. 
This  second  paper  of  a  series  considers 
the  development  and  applications  of  low- 
pressure  turbines  to  stationary  service  in 
America.  Ills.  2500  w.  Engineering 
Magazine — May,  1909.    No.  4338  B, 

Low  Pressure  or  "Exhaust"  Steam 
Turbines.     J.  A.  Moyer.     Discusses  their 


efficiency  and  applications.    2200  w.    Mich 
Tech — Feb.,  1909.     No.  4071  D. 

The  French  Thomson-TInuston  Com- 
pany's Curtis  Turbine  (Die  Curtisturbin- 
cn  der  franzosischen  Thomson-Houston- 
Gesellschaft,  Paris).  W.  Koeniger.  Il- 
lustrated detailed  description.  .Serial,  Tst 
part.  1600  w.  Zeitschr  f  d  Gesamtc  Tiir- 
binenwesen — March  to.  T909.  No.  4270  D. 
TRANSPORTING  AND  CONVEYING. 
Cableways. 

A  Bleichert  Tramway  in  the  Argentine 
Cordilleras  (Les  Cordilleres  du  Nord  de 
I'Argentine  rendues  accessibles  par  une 
Voie  aerienne  du  Systeme  Bleichert).  J. 
E.  Giraud.  Illustrated  description  of  the 
Chilecito  installation.  2000  w.  Rev  de 
Metal — March,  1909.    No.  42x4  E  +  F. 

See    also    Construction,    under    RAIL- 
WAY     ENGINEERING,      Permanent 
Way  and  Buildings. 
Coal  Handling. 

See   Mechanical   Stokers,   under  Steam 
Engineering. 
Cranes. 

The  Electrical  Equipment  of  Cranes. 
John  Brentnall  Duckitt.  A  discussion  of 
present  practice  and  of  the  advantages 
claimed.  Gen,  discussion.  6  plates.  9000 
w.  Trans  N-E  Coast  Inst  of  Engrs  & 
Shipbldrs — Feb..  1909.  Serial,  ist  part. 
No.  3807  N. 

Comparison  of  Large  Power  Fixed  and 
Floating  Cranes.  Illustrates  and  describes 
types  of  floating  cranes,  showing  their 
usefulness,  especially  in  shipbuilding,  and 
their  advantage  in  cost.  1200  w.  Engr, 
Lond — April  9,  1909.     No.  4042  A. 

Giant  Cranes.    Harold  P.  Hobart.    Re- 
views the  past  and  present  types  of  these 
machines  in  the  great  seaports.     1500  w. 
Yale  Sci  M — April,  1909.    No.  4374  C. 
Jacks. 

Tests  of  a  Six-Ton  Jack.  G.  A.  Click. 
Brief  report  of  test  to  obtain  the  effi- 
ciency. 400  w.  Power — April  13,  1909. 
No.  .3922. 

Material  Handling. 

Modern  Material-Handling  Machinery 
for  Industrial  Plants.  A.  G.  A.  Schmidt. 
The  present  article  illustrates  and  de- 
scribes types  of  hoisting  machinery.  6000 
w.  Ind  Engng — April,  1909.  Serial,  ist 
part.    No.  4077  C. 

MISCELLANY. 
Aeronautics. 

The  Aero  Exhibition.  A  review  of  ex- 
hibits at  Olympia.  Ills.  2500  w,  Engng 
— March  26,  1909.    No.  3788  A. 

The  Aero  Exhibition.  Illustrates  and 
describes  exhibits  at  Olympia.  6500  w. 
Motor  Car  Jour — March  27,  1909.  No. 
3772  A. 

The  Development  of  Aerial  Navigation. 
Henry  Harrison  Suplee,  An  interesting 
illustrated  review  of  the  recent  successes 


We  supply  copies  of  these  articles.     See  page  483. 
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with  flying  machines.  6000  w.  Cassier's 
Mag — April,  1909.     No.  3,634  B. 

Notes  on  the  Existing  Types  of  Diri- 
gible Balloons  (Beschouwingen  over  be- 
staande  Typen  van  bestuurbare  Lucht- 
schepen).  P.  J.  Post  van  der  Steur.  A 
review  of  progress  in  airship  construc- 
tion and  of  the  fundamental  theories. 
Ills.  12500  w.  De  Ingenieur — IVfarch  6, 
1909.     No.  4299  D. 

Flight  of  the  "Zeppelin  I."  Ait  ac- 
count of  recent  performances  of  this  Ger- 
man airship.  1200  w,  Sci  Am  Sup — • 
April  17,  1909.     No.  3947. 

The  Theory  of  Aeroplanes  (Essai  de 
Theorie  des  Aeroplanes).  P.  Lauriol. 
An  attempt  to  formulate  the  fundamental 
principles  of  aviation.  Ills.  Serial,  ist 
part.  5600  w.  Genie  Civil — March  27, 
1909.     No.  4236  D. 

The  Ravaud  Aero-Hydroplane.  Illus- 
trated description  of  a  new  type  of  aero- 
plane adapted  to  rise  from  water.  600 
w.     Sci  Am  Sup — May  i,  1909.     No.  4333. 


How  to  Build  a  Chanute-Type  Glider. 

Illustrated  directions.     1500  w.     Sci  Am — 
April  24,  1909.     No.  41 1 1. 

Oxygen. 

The  Commercial  Production  of  Oxy- 
gen. Dr.  Alfred  Gradenwitz.  Illustrated 
description  of  the  improved  Claude  proc- 
ess. 1500  w.  Sci  Am  Sup — April  10, 
1909.  No.  3843. 
Progress. 

Some  Recent  Advances  in  Mechanical 
Engineering.  Carl  C.  Thomas.  Consid- 
ers development  in  steam  turbines,  gas 
engines,  progress  in  cutting  metals,  and 
various  other  developments.  Ills.  4000 
w.  Wis  Engr — Feb.,  1909.  No.  4314  D, 
Textile  Mills. 

The  Cotton  Industry  in  India,  John 
W^allace.  An  illustrated  account  of  the 
conditions  in  India  and  the  development 
of  this  industry,  and  the  application  of 
modern  methods.  4500  w.  Cassier's  Mag 
— April,  1909.     No.  3635  B. 
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COAL  AND  COKE. 

Analysis. 

Coal  Sampling  and  Analysis.  N.  W. 
Lord.  Parts  of  an  address  before  the 
III.  Fuel  Con.  Outlines  the  analytical  and 
calorimetric  tests  needed  in  the  laboratory 
and  considers  methods  of  sampling.  2500 
w.     Eng  News — April  8,  1909.     No.  3852. 

Analysis  of  the  Subject  of  Coal  An- 
alysis. N.  W.  Lord.  Discusses  the  val- 
ues of  the  methods  used  in  analyzing. 
4000    w.      Power — April    13,    1909.      No. 

39T9- 
Coal  Cutting. 

Mining  Coal  with  Machines  in  Eng- 
land. George  R.  Dixon.  Gives  detailed 
costs,  showing  that  the  economy  is  due 
to  the  increase  in  the  value  of  the  coal 
produced,  rather  than  reduction  in  work- 
ing costs.  3000  w.  Eng  &  Min  Jour — 
April  17,  1909.     No.  4007. 

Conservation. 

Needs  for  Conservation  of  Our  Coal 
Deposits.  J.  V.  Thompson.  Gives  statis- 
tics showing  the  rate  of  exhaustion.  1000 
w.  Pro  Am  Min  Cong — 1908.  No. 
4132  N. 

Conservation  in  the  Mining  Industry. 
Frank  M.  Osborne.  Especially  considers 
the  coal  fields  and  the  need  of  economic 
methods.  1500  w.  Pro  Am  Min  Cong — 
1908.     No.  4122  N. 

Conservation  in  the  Coal  Industry. 
John  Mitchell.  Discusses  fuel  resources 
and  the  protection  of  human  life  in  mines. 
4500  w.  Pro  Am  Min  Cong — 1908.  No. 
4134  N. 


Conservation  in  the  Coal  Industry,  Pro- 
tection of  Life  and  Prevention  of  Waste. 
Glenn  W.  Traer.  A  discussion  of  pres- 
ent conditions,  and  the  remedies  needed. 
5200  w.  Pro  Am  Min  Cong — 1908.  No. 
4130  N. 

See  also  Natural  Resources,  under  IN- 
DUSTRIAL ECONOMY. 
Electric  Power. 

Mining  Motors  and  Switchgear.  Wil- 
liam Maurice.  A  lecture  at  the  Univer- 
sity College,  Nottingham,  on  the  available 
apparatus  for  electrical  applications  in 
mines.  Ills.  6500  w.  Ir  &  Coal  Trds 
Rev — April  9,  1909.     No.  4043  A. 

Notes  on  Safety  of  Working  Electrical 
Plants  in  Coal  Mines.  Sidney  A.  Simoii. 
Read  before  the  Glasgow  Sec.  of  the  Inst, 
of  Elec.  Engrs.  Reviews  experience  since 
the  new  rules  of  the  Home  Office  have 
been  in  force,  and  gives  an  account  of 
tests  made  in  Germany  and  the  results. 
5000  w.  Elec  Engr,  Lond — March  26, 
1909.     Serial,  ist  part.     No.  3777  A. 

Explosions. 

Mine  Accidents.     Sim.  Reyjiolds.     Dis- 
cusses some  of  the  little  things  that  cause 
them.      2500    w.      Mines    &    Min — April, 
1909.     No.  367s  C. 
Illinois. 

The    Carterville    Coal    Field,    Southern    a 
Illinois.    R.  S.  Moss.     Illustrated  histori-    " 
cal  review  of  the  development.     1500  w. 
Min  Wld— April  10,  1909.     No.  3875. 
Mine  Ventilation. 

An  Inquiry  into  the  Ventilation  of 
Coal  Mines  and  the  Methods  of  Examin- 


IVe  supply  copies  of  these  articles.     Sec  page  48$. 
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ing  for  Firedamp.  Information  from 
Prof.  Cadman's  report  of  investigations 
made  for  the  Royal  Commission.  3000 
vv.  Ir  &  Coal  Trades  Rev — March  26, 
1909.     Serial,  ist  part.     No.  3794  A. 

The  Ventilation  of  Coal  Mines.  Report 
of  the  Royal  Commission  on  an  inquiry 
into  the  ventilation  and  methods  of  exam- 
ining for  firedamp,  made  by  John  Cad- 
man  and  E.  B.  Whaley.  8500  w.  Col 
Guard — April  2  and  9,  1909.  Serial,  2 
parts.    No.  4033  each  A. 

Mining. 

Problems  of  the  Coal  Mining  Industry. 
Dr.  J.  A.  Holmes.  Brief  remarks  on  a 
few  problems  such  as  accidents,  smoke, 
waste,  etc.  1000  w.  Pro  Am  Min  Cong 
— 1908.     No.  4125  N. 

Pocahontas  Region  Mining  Methods. 
H.  H.  Stock.  Illustrated  detailed  descrip- 
tion of  the  standard  methods  of  develop- 
ment. 3000  w.  Mines  &  Min — ^April, 
T909.  No.  3672  C. 
Montana. 

The  Coal-Mining  Industry  of  Montana. 
J.  P.  Rowe.  Illustrated  review  of  various 
properties  and  the  methods  employed. 
4000  w.  Eng  &  Min  Jour — April  24,  1909. 
No.  4176, 

New  Zealand. 

Methods  of  Mining  Coal  in  New  Zea- 
land. Sidney  Fry.  Illustrated  detailed 
description  of  the  Westport-Sockton  Col- 
liery, being  developed  along  American 
lines.  2000  w.  Eng  &  Min  Jour — April 
TO,  1909.     No.  3869. 

Safety  Lamps. 

Early  Safety  Lamps  (Die  ersten  Sicher- 
lieitslampen).  W.  Niemann.  Describes 
early  attempts  to  produce  a  practical  safe- 
ty lamp.  Ills.  2000  w.  Gliickauf — March 
i3»  1909-     No.  4264  D. 

Sampling. 

See  Analysis,  under  Coal  and  Coke. 

Scotland. 

The  Clyde  Valley  Coalfield.  David 
Ferguson.  A  geological  study  of  the  coal- 
fields and  deposits  of  Scotland.  2500  w. 
Col  Guard — April  16,  1909.     No.  4199  A. 

Seismograph  Station. 

The  Seismograph  Station  of  the  West- 
falian  Coal  Company  in  Bochum  (Die 
Erdbebenstation  der  Westfalischen  Berg- 
gewerkschaftskasse  in  Bochum).  L.  Min- 
trop.^  Detailed  description  of  the  station 
and  its  equipment.  Ills.  Serial,  ist  part. 
3500  w.  Gliickauf — March  13,  1909.  No. 
4262  D. 

United  States. 

Problems  of  the  Coal  Industry.  Alex- 
ander Dempster.  Discusses  the  establish- 
ment of  a  mining  bureau,  accidents,  and 
related  subjects.  3000  w.  Pro  Am  Min 
Cong— 1908.     No.  4139  N. 

The  Coal  Fields  of  the  United  States. 
Marius    R.    Campbell    and    Edward    W. 


Parker.     Gives  classification  and  descrip- 
tion, with  remarks  on  duration  of  supply 
and    waste.      3000    w.      Bui    Am    Inst    of 
Min  Engrs — April,  1909.     No.  40S5  F. 
West  Virginia. 

The  Barren  Zone  of  the  Northern  Ap- 
palachian Coal  Field  and  Its  Relation  to 
Pittsburgh's  Industries,  Dr.  I.  C.  White. 
Considers  the  problem  of  coal  shortage 
and  discusses  the  waste  and  the  remedies. 
4000  w.  Pro  Am  Min  Cong — 1908.  No. 
4131  N. 

COPPER. 

Australia. 

Methods   of   Copper   Mining.     H.   Lip- 
son   Hancock.     Compares  Australia   with 
America  and  Europe.     1800  w.    Aust  Min 
Stand — March  17,  1907.     No.  4187  B. 
Briquetting. 

See    same    title,    under    Ore    Dressing 
AND  Concentration. 
Lake  Superior. 

See  Smelting,  under  Copper. 
Mexico. 

The  Cananea  Consolidated  Copper  Co. 
in  1908.  L.  D.  Ricketts.  Report  of  oper- 
ations, development  work,  etc.  6000  w. 
Eng    &    Min   Jour — April    3,    1909.      No. 

Nevada. 

The  Nevada-Douglas  Copper  Proper- 
ties, Nev.  W.  S.  Zchring.  Illustrates  and 
describes  the  geology  of  this  mining  dis- 
trict. 1800  w.  Min  Wld— April  17,  1909. 
No.  4021, 

Nova  Scotia. 

Property  of  the  Lake  Copper  Mining 
Co.,  Limited,  at  Copper  Lake,  Antigonish, 
N.  S.  John  W.  McLcod.  Illustrated  de- 
tailed description  of  this  property  and  its 
development.  2000  w.  Can  Engr — April 
16,  1909.     No.  3994. 

Smelter  Fumes. 

^  Problems  in  the  Utilization  of  Smelter 
F'umes.  Joseph  H.  Hart.  Discusses  prin- 
cipally the  production  and  utilization  of 
sulphuric  acid.  2500  w.  Min  Wld — April 
3,  1909.  No.  3744. 
Smelters. 

The  Yampa  Smelting  Co.'s  lOOO-Ton 
Converter.  Charles  C.  Christensen.  Il- 
lustrated description  of  this  plant,  located 
in  Bingham  Canyon,  Utah.  2000  w.  Min 
Wld— April  3,  1909.  No.  3743. 
Smelting. 

Costs   of  Lake   Superior   Smelting.     L. 
S.  Austin.     Gives  a  summary  of  produc- 
tion and  costs.     1200  w.     Min  &  Sci  Pr — 
April  24,  1909.    No.  4348. 
Utah. 

Boston  Consolidated,  Bingham,  Utah. 
Courtenay  De  Kalb.  Describes  the  de- 
posits, methods  of  mining  and  handling. 
Ills.  2000  w.  Min  &  Sci  Pr— April  17, 
1909.  No.  4149. 
The  Utah  Copper  Mine.     Courtenay  de 
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Kalb.  Describes  the  development  of  a 
large  low-grade  deposit.  Ills.  4500  w. 
Min  &  Sci  Pr — April  10,  1909.    No.  3971. 

GOLD  AND  SILVER. 

Amalgamation. 

Electrochemical  Amalgamation  and  Lix- 
iviation.  Elmer  Ellsworth  Carey.  Calls 
attention  to  improvements  that  can  be 
made  by  employing  electrochemical  ac- 
tion in  connection  with  lixiviation  and 
amalgamation  of  gold  ores.  2200  w.  Min 
Wld — April  17,  1909.     No.  4018. 

Assaying. 

The  Salt  Lake,  Utah,  Government  As- 
say Office.  Leroy  A.  Palmer.  Illustrated 
description  of  the  methods  and  equipment. 
1500  w.     Min  Wld — April  24,  1909.     No. 

4179- 
Australia. 

The  Mount  Morgan  Mine,  Central 
Queensland.  J.  Bowie  Wilson.  An  il- 
lustrated account  of  this  enormous  body 
of  gold  ore  which  has  produced  $70,000,- 
000,  the  methods  of  mining,  etc.  4000  w. 
Eng  &  Min  Jour — April  10,  1909.  No. 
3868. 

Water  Losses  at  Broken  Hill.  T.  H. 
Palmer.  Abstract  of  a  paper  before  the 
Sci.  Soc.  of  Broken  Hill.  A  considera- 
tion of  the  water  losses  in  a  district 
where  the  water  supply  is  a  problem.  2500 
w.    Eng  &  Min  Jour — xA.pril  24,  1909.    No. 

4177. 

See  also  Accidents,  under  Mining:  and 
Gold  Milling,   under   Ore  Dressing  and 
Concentration. 
Cobalt. 

The  Nipissing  Mine,  Cobalt,  Ont.,  as  It 
Is  To-Day.    Alex.  Gray.     Information  in 
regard  to  production.    2000  w.    Min  Wld 
— April  24,  1909.    No.  4180. 
Colorado. 

See  Ore  Deposits,  under  Miscellany. 
Cyaniding. 

Cyanide  Lixiviation  by  Agitation.  Wal- 
ter M.  Brodie.  Illustrated  description  of 
the  Pachuca  tank  with  circulation  pipes, 
explaining  advantages.  1000  w.  Eng  & 
Min  Jour — April  3,  1909.    No.  3724. 

Cyaniding  Black  Hills  "Blue  Ores."  B. 
D.  O'Brien.  Report  of  experiments  in 
grinding  to  different  degrees  of  fineness 
and  roasting,  and  with  cyanide  and  other 
chemical  treatments.  4500  w.  Mines  & 
Min — April,   1909.     No.  3676  C. 

Cyanidation  of  Parral  Silver  Ores.  H. 
T.  Willis.  An  account  of  the  cyanidation 
of  silver  ores  in  Mexico.  1500  w.  Min 
&  Sci  Pr — April  3,  1909.    No.  3828. 

Milling  and  Cyaniding  Practice  at  El 
Oro,  Mex.  Claude  T.  Rice.  Illustrated 
description  of  interesting  features,  in- 
cluding the  tailings  wheeis,  Burt  filters, 
immense  cone  settler,  and  the  continuous 
agitation.  6000  w.  Eng  &  Min  Jour — 
April  3,  1909.    No.  3722. 
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Dredging. 

Development  of  Dredges  for  Placer 
Deposits.  George  B.  Massey,  11.  The 
evolution  of  the  dredge  is  reviewed.  Ills. 
1500  w.  Eng  &  Min  Jour — April  24,  1909. 
No.  4174. 

Hydraulic  Dredging  for  Gold-Bearing 
Gravels.  Henry  G.  Granger.  Describes 
an  effective  suction  dredge,  discusses  spe- 
cial conditions  of  gold-dredging,  reviews 
the  history,  and  gives  conclusions.  Gives 
specifications  for  a  hydraulic  gold-dredge. 
Ills.  7000  w.  Bui  Am  Inst  of  Min  Engrs 
— April,  1909.     No.  4088  F.  , 

France. 

The  Three  Producing  Gold  Mines  of 
France.  E.  Walch.  Information,  with 
a  brief  description  of  the  reduction  plants 
for  these  refractory  ores.  Ills.  1800  w. 
Eng  &  Min  Jour — April  17,  1909.  No. 
4005. 
Mexico. 

Mining    in    Alamos    and    Arteaga    Dis 
tricts.     George   M.    Bloomer.     Illustrated 
review  of  this  part  of  northwestern  Mex 
ico.     1700  w.     Eng  &  Min  Jour — April  3, 
1909.     No.  3725. 

Traveling  in  Western  Chihuahua,  Mex 
ico.      Frederick    H.    Morley.      Illustrated 
notes  on  a  trip  to  the  Ocampo  District. 
i8oo-w.    Eng  &  Min  Jour — April  3,  1909. 
No.  3727. 

Geology  of  the  Guanajuato  District, 
Mexico.  C.  W.  Botsford.  General  geo- 
Mexico.  C.  W.  Botsford.  General  de- 
scription of  the  geology  of  the  region, 
with  notes  on  veins  and  ore  occurrences. 
Ills.  3500  w.  Eng  &  Min  Jour — April 
3,  T909.  No.  3723. 
Placers. 

Placer  Mining  Industry  on  the  Pacifi.c 
Coast.  Dennis  H.  Stovall.  Illustrated 
description  of  the  district  and  report  of 
output.  700  w.  Min  Wld — April  17,  1909. 
No.  4020. 
Rand. 

Amalgamation  of  Four  Large  Rand 
Producers.  Ralph  Stokes.  Explains  the 
proposed  scheme,  giving  short  descrip- 
tions of  the  mines  included  in  the  amal- 
gamation. Plan.  1200  w.  Min  Wld — 
April  3,  1909.     No.  3745- 

The  Distribution  of  the  Gold  Produced 
on  the  Rand.  T.  Kirke  Rose.  Staristics 
of  the  first -rough  distribution  of  the  gold 
produced  in  South  Africa.  2500  w.  Jour 
Chem,  Met  &  Min  Soc  of  S  Africa — Feb., 
1909.    No.  4023  E. 

See  also  United  States,  under  Miscel- 
lany, 
Tasmania. 

King  Island,  North-West  Coast,  Tas- 
mania. Donald  Clark.  Describes  feat- 
ures of  the  country,  and  mineral  deposits 
of  gold  and  tin  oxide.  1000  w.  Aust 
Min  Stand — March  10,  1909.  Serial,  ist 
part.     No.  4186  B. 
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IRON  AND  STEEL. 

Assaying. 

Preliminary  Tests  from  the  Open 
Hearth  Steel  Furnace.  C  W.  Danforth. 
Read  before  the  Pittsburg  Sec.  of  the  Am. 
Chem.  Soc.  Shows  how  speed  and  accu- 
racy may  be  attained  in  laboratory  prac- 
tice. 3000  w.  Ir  Age — April  8,  1909.  No. 
3821. 

Austria. 

The  History  of  Iron  in  the  Interior  of 
Austria  (Zur  Geschichte  des  Eisens  in 
Inner-Oesterreich).  L.  Beck.  A  brief 
general  review.  Serial,  ist  part.  5300  w. 
Stahl  u  Eisen — March  10,  1909.  No. 
4250  D. 

Bessemer  Process. 

The  New  Basic  Bessemer  Plant  at  the 
Burbach  Works  (Das  neue  Thomasstahl- 
werk  der  Burbacher  Hutte).  F.  Schroe- 
der.  Illustrated  description.  3800  w.  Zeit- 
schr  d  Ver  Deutscher  Ing — March  20, 
1909.   No.  4295  D. 

Blast-Furnace  Gas. 

The  Problem  of  Waste  Heat  Utilization 
in  Iron  Works.  John  B.  C.  Kershaw. 
Shows  an  outlet  for  electric  power  in  all 
large  iron  smelting  works.  1500  w.  Ir  & 
Coal  Trds  Rev — April  2,  1909.  No.  3917  A. 

Blast-Furnace  Linings. 

Firebrick  for  Blast  Furnaces.  Discusses 
defects  which  shorten  the  life  of  linings, 
and  the  remedies.  2000  w.  Ir  Age — April 
29,  1909.   No.  4327. 

California. 

An  Iron  Deposit  in  the  California  Des- 
ert Region.  Charles  Colcock  Jones.  Illus- 
trates and  describes  a  deposit  of  soft,  or 
semi-hard  hematite  ore.  2500  w.  Eng  & 
Min  Jour — April  17,  1909.  No.  4003. 
Dry-Air  Blast. 

Economics  in  the  Manufacture  of  Iron 
and  Steel.  G.  B.  Waterhouse.  Describes 
important  lines  along  which  economies  are 
being  effected  in  this  industry.  The  pres- 
ent article  deals  with  the  Gayley  dry  blast 
process.  Ills.  4000  w.  Engineering  Maga- 
zine— May,  1909.  No.  4340  B. 
Electro-Metallurgy. 

Reduction  of  Iron  Ore  in  the  Electric 
Furnace.  Abstract  of  a  paper  by  Remo 
Catani,  who  has  recently  investigated  the 
possibilities  of  the  electric  furnace  in  iron 
ore  reduction  in  comparison  with  the  blast 
furnace.  1700  w.  Elec-Chem  &  Met  Ind — 
April,  1909.   No.  3659  C. 

The  Production  of  Pig  Iron  at  the  Elec- 
tric Furnace  and  the  Industrial  Utilization 
of  Pyrite  Residue.  F.  E.  Carcano.  Gives 
an  interesting  case  in  which  the  electric 
furnace  can  well  hold  its  own  against  the 
blast  furnace,  with  a  general  comparison. 
2000  w.  Elec-Chem  &  Met  Ind — April, 
1909.    No.  3660  C. 

The  Girod  Process  (Electrometallurgy 
du   Fer  et   de   I'Acier,    Precedes   Girod). 


Describes  the  engine  plant,  the  materials 
treated,  and  the  products,  particularly  the 
ferro-alloys.  Ills.  5000  w.  Rev  d'Electro- 
chim  et  d'Elcctrometal — Jan.,  1909.  No. 
4210  F. 

India. 

The  Development  of  the  Iron  and  Steel 
Industry  in   India.    Information   concern- 
ing this  industry.   1000  w.   Ir  &  Coal  Trds 
Rev — April  16,  1909.    No.  4307  A. 
Lake  Superior. 

Cost  of  Pig  Iron  Made  from  Lake  Supe- 
rior Ores.  J.  R.  Finlay.  Considers  general 
costs,  and  the  activities  of  the  U.  S.  Steel 
Corporation.  Cost  of  transportation  great- 
er than  cost  of  mining.  Map.  8000  w.  Eng 
&  Min  Jour — April  10,  1909.    No.  3867. 

Estimation  of  Lake  Superior  Iron  Ore 
Reserves.  George  E.  Edwards.  Gives 
opinions  of  a  number  of  experts  as  to  the 
almost  boundless  extent  of  the  deposits, 
and  discusses  matters  that  affect  the  cost 
of  mining.  2000  w.  Min  Wld — April  10, 
1909.   No.  3876. 

Open  Hearth. 

Producer  Gas  Fired  Furnaces  in  the 
Iron  and  Steel  Industries.  Oskar  Nagle. 
Illustrated  descriptions  of  types  of  fur- 
naces in  common  use.  1500  w.  Ir  Trd  Rev 
— April  8,  1909.   Serial,  ist  part.   No.  3825. 

See  also  Assaying,  under  Iron  and 
Steel. 

Production. 

The  World's  Production  and  Consump- 
tion of  Iron  Ore.  Statistics  from  a  recent- 
ly issued  paper  by  the  British  Board  of 
Trade.  4500  w.  Ir  &  Coal  Trds  Rev — 
April  16,  1909.  No.  4308  A. 
Rolling  Mills. 

Analysis  of  Power  Consumption  in  a 
Roll  Pass.  G.  A.  Merkt.  Mathematical 
analysis,  with  diagrams.  1200  w.  Ir  Trd 
Rev — April  22,  1909.    No.  4147. 

The  Automatic  Manufacture  of  Steel 
Rails.  Illustrated  description  of  methods 
involving  the  use  of  heavy  automatic  ma- 
chinery. 3000  w.  Am  Mach — Vol.  32,  No. 
17.    No.  4351. 

Rolls  for  Channel  and  T  Profiles  (Die 
Anordung  der  Kaliber  fiir  [-Eisen  und 
hochstegige  T-Profile).  L.  Schaefer.  Dis- 
cusses the  dimensioning  of  the  grooves. 
Ills.  1700  w.  Stahl  u  Eisen — March  24, 
1909.  No.  4253  D. 
Steel  Works. 

Beardmore's  Steel  Works  at  Parkhcad, 
Glasgow.  Illustrated  detailed  description 
of  a  newly  equipped  and  organized  fac- 
tory for  the  production  of  guns,  armor, 
etc.  5500  w.  Engng — April  2,  1909.  Serial, 
1st  part.    No.  3905  A. 

United  States. 

The  Iron-Ore  Supply  of  the  United 
States.  C.  Willard  Hayes.  Classifies  and 
describes  the  commercial  iron  ores,  and 
gives  the  writer's  conclusions  as  to  dura- 
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tion  of  the  supply.    2200  w.    Bui  Am  Inst 
of  Min  Engrs— April,  1909.    No.  4086  F. 

The  Iron  Industry  of  the  Pacific  North- 
west. H.  Cole  Estep.  Information  in  re- 
gard te  the  iron  deposits  of  this  region 
and  their  development.  Ills.  2200  w.  Min 
Engr — March,  1909.  No.  4063  C. 
LEAD  AND  ZINC. 

Missouri. 

History  of  Southeast  Missouri  Lead 
District.  Otto  Ruhl.  Illustrated  historical 
review  and  description.  2500  w.  Min  Wld 
— April  17,  1909.  Serial,  ist  part.  No. 
4017. 

Zinc  Tariff. 

Tariff  on  Zinc  Ores.  S.  Duffield  Mitch- 
ell. Discusses  the  need  of  protection  for 
zinc  ores.  6600  w.  Pro  Am  Min  Cong — 
1908.    No.  4137  N. 

MINOR  MINERALS. 

Aluminium. 

Aluminium.  J.  A.  McKenzie  Williams. 
Information  in  regard  to  production,  and 
methods  of  reduction,  reviewing  the  past 
history  of  development  and  present  uses. 
Ills.  5500  w.  Ap  Sci— March,  1909.  No. 
4091  C. 

Asbestos. 

Quebec  Asbestos :  World's  Supply  Con- 
trolled. Alex.  Gray.  Information  in  re- 
gard to  output,  value,  profits,  etc.  3500  w. 
Min  Jour — April  3,  1909.   No.  3904  A. 

Carborundum. 

See  Grinding  Wheels,  under  MECHAN- 
ICAL ENGINEERING,  Machine  Works 
AND  Foundries. 

Cement. 

The  Manufacture  of  Portland  Cement. 
William  M.  Kinney.  A  brief  historical  re- 
view, with  description  of  modern  methods 
of  manufacture.  Ills.  Discussion.  6000  w. 
Pro  Engrs'  Soc  of  W  Penn — March,  1909. 
No.  3814  D. 

Diamonds. 

Kimberlite  Rock  and  the  Origin  of  Dia- 
monds. F.  W.  Voit.  Gives  a  description 
of  the  diamond-bearing  rocks,  and  a  study 
of  the  deposits.  3000  w.  Eng  &  Min  Jour 
— April  17,  1909.     No.  4004. 

Fluorspar. 

Kentucky  Fluorspar  and  Its  Value  to 
the  Iron-  and  Steel-Industries.  F.  Julius 
Fobs.  Describes  the  Memphis  mine,  near 
Marion,  Ky.,  discussing  the  origin  of  the 
deposits,  describing  the  fluorspar  mills,  and 
explaining  the  value  of  the  product  in  the 
metallurgy  of  iron  and  steel.  5000  w.  Bui 
Am  Inst  of  Min  Engrs — April,  1909.  No. 
4089  F. 

Oil. 

Practical  Determination  of  the  Commer- 
cial Value  of  Illuminating  Oils  (Determin- 
ation pratique  de  la  Valeur  commerciale 
des  Petroles  destines  a  I'Eclairage).  Eu- 
gene Marquet.  Illustrated  description  of 
methods  of  determining  the  illuminating 


power  of  petroleum  oils.    3500  w.    Tech 
Mod— March,  1909.    No.  4231  D. 
Rare  Elements. 

A  Brief  Statement  of  the  Rising  Impor- 
tance of  the  Rare  Elements.  Reviews  the 
remarkable  progress  in  the  use  of  tung- 
sten, vanadium,  uranium,  monazite,  mo- 
lybdenite and  other  rare  minerals.  3000  w. 
Pro  Am  Min  Cong— 1908.  No.  4136  N. 
Salt. 

Leaching  Brine  from  Salt  Mines  (Sole- 
erzeugung  durch  Berieselung  der  Werks- 
ulme).  Karl  Schraml.  Describes  the 
methods  used  at  Aussee,  Austria.  Ills. 
3000  w.  Oest  Zeitschr  f  Berg-  u  Hiitten-  « 
wesen — March  6,  1909.  No.  4258  D. 
Tin. 

Present  Position  of  Bolivian  Tin  Mines. 
Gilmour  E.  Brown.  Information  concern- 
ing the  present  condition  of  the  tin  mining 
industry.  1000  w.  Min  Jour — March  27, 
1909.   No.  3784  A. 

Mount  Bischoff  Tin  M.  Co.,  Tasmania. 
J.  D.  Millen.  Illustrates  and  describes  the 
hydro^electric  plant  for  supplying  electric 
power  for  mine,  mills,  and  electric  trac- 
tion. 2200  w.  Aust  Min  Stand — March  10, 
1909.    Serial,  1st  part.    No.  3988  B. 

Tin  in  Perak  (L'Etain  dans  I'Etat  de 
Perak).  L.  Giraud.  An  exhaustive  review 
of  the  deposits,  their  history,  mining,  ore 
dressing,  etc.  Ills.  23000  w,  Mem  Soc 
Ing  Civ  de  France — Jan.,  1909.  No. 
4202  G. 

See    also    Tasmania,    under    Gold    and 
Silver. 
Uranium. 

The  Radioactivity  of  the  Raw  Materials 
and  Middle  and  End  Products  of  the  Im- 
perial Uranium  Dye  Works  at  St.  Joa- 
chimstahl  (Ueber  die  Radioaktivitat  der 
in  der  k.  k.  Uranfarbenfabrik  zu  St.  Joa- 
chimstahl  erzeugten  Roh-  Zwischen-  und 
Endprodukte).  Josef  Step.  An  account  of 
investigations.  Ills.  Serial,  ist  part.  2200 
w.  Oest  Zeitschr  f  Berg-  u  Hiittenwesen 
— March  13,  1909.   No.  4259  D. 

MINING. 

Accidents. 

The  Disasters  at  the  Mount  Morgan 
Mine,  Queensland.  The  report  of  the 
Board  of  Inquiry,  describing  the  mine  and 
methods,  recent  accidents  and  their  causes 
with  recommendations.  7500  w.  N  Z 
Mines  Rec— Feb.  16,  1909.    No.  3885  B. 

Boring. 

The  Choice  of  Boring  Methods,  with 
Reference  to  Their  Applications,  Capacity 
and  Cost  (Die  wahl  des  Bohrsysteme  un- 
ter  Beriicksichtigung  ihres  Anwendungs- 
gebietes,  ihrer  Leistungsfahigkeit  und  An- 
schaffungskasten).  Anton  Pois.  Serial, 
ist  part.  1800  w.  Oest  Zeitschr  f  Berg-  u 
Hiittenwesen  —  March  ■  27,  1909.  No. 
4260  D. 

Drills. 

Comparative  Tests  of  Large  and  Small 
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Hammer  Rock-Drills.  J.  B.  Lippincott. 
Gives  description  of  tests,  with  tabulated 
results.  800  w.  Eng  News — April  22,  1909. 
No.  4166. 

Education. 

Sec  same  tiitlc,  under  Industrial  Econ- 
omy. 

Electric  Hoisting. 

Electric  Hoisting  Plants  (Electrische 
Ophaalwerktuigen).  J.  H.  D.  Wagener. 
Describes  the  installation  at  the  Wilhel- 
mina  mine  in  Holland.  Ills.  6000  w.  De 
Ingenieur — March  27,  1909.    No.  4377  D. 

Electric  Power. 

Electricity  in  Mines.  T.  J.  McKava- 
nagh.  Read  before  the  Min.  Soc,  of  Nova 
Scotia.  A  review  of  modern  and  econom- 
ical applications  of  electricity  to  mining. 
2500  w.  Can  Min  Jour — April  i,  1909.   No. 

3764- 

The  Installation  of  Electricity  in  Mines. 
W.  A.  Thomas.  Deals  with  the  manner  of 
installation  and  operation  of  electric  con- 
ductors and  apparatus  in  underground 
workings.  3000  w.  Pro  Am  Min  Cong — 
1908.  No.  4135  N. 
Explosives. 

See  Mine  Gas,  under  Mining. 
Haulage. 

Gravity  Planes.  A.  W.  Evans.  Illus- 
trates and  describes  track  and  haulage 
arrangements  in  use  in  Pennsylvania,  Vir- 
ginia, Kentucky  and  Tennessee.  2000  w. 
Mines  &  Min — April,  1909.  No.  3674  C. 
Labor. 

Arbitration  as  a  Factor  in  the  Mining 
Industry.  Two  papers  on  this  subject  by 
Judge  George  Gray,  and  by  Thomas  L. 
Lewis.  3000  w.  Pro  Am  Min  Cong — '1908. 
No.  4138  N. 

The  Importance  of  Arbitration  as  a 
Factor  in  the  Advancement  of  the  Mining 
Industry.  Hon.  Carroll  D.  Wright.  Shows 
the  benefits  of  this  method  of  adjusting 
difficulties.  1800  w.  Pro  Am  Min  Cong — 
1908.  No.  4120  N. 
Machinery. 

Lowering  a  Large  Pump  into  a  Mine. 
George  J.  Young.  Illustrated  description 
of  method  employed  at  the  Ward  shaft, 
Virginia  City,  Nevada.  800  w.  Eng  &  Min 
Jour — April  17,  1909.  No.  4008. 
Mine  Gas. 

The  Estimation  of  Carbon  Monoxide  in 
Mine  Gas.  E.  H.  Weiskopf.  Explains  the 
method  of  sampling  mine  air,  and  consid- 
ers the  effects  of  explosions,  the  methods 
of  firing,  and  the  nature  and  composition 
of  the  explosive.  5000  w.  Jour  Chem,  Met 
&  Min  Soc  of  S  Africa — Feb.,  1909.  No. 
4022  E. 
Shafts. 

Concrete-Lined  Mine  Shafts  at  Filbert. 
Pa.  Illustrated  detailed  description  of 
methods  used.  1000  w.  Eng  News — April 
8,  1909.    No.  3855. 

See  also  Timbering,  under  Mining. 


Shaft  Sinking. 

Modern  Shaft  Sinking.  Francis  Donald- 
son. Discusses  features  of  contracts  for 
such  work,  supplies  and  machinery  needed. 
3200  w.  Mines  &  Min — April,  1909.  No. 
3671  c 

Shaft-Sinking  at  the  Horden  Colliery, 
South-East  Durham.  John  Joseph  Prest. 
Read  before  the  Inst,  of  Civ.  Engrs.  Illus- 
trated description  of  the  work.  3000  w. 
Ir  &  Coal  Trds  Rev — April  2,  1909.  Serial, 
1st  part.  No.  3914  A. 
Timbering. 

Reinforced  Concrete  Shaft  Linings  (Die 
Bedeutung  des  Eisenbctons  fiir  den 
Schachtausbau).  Dr.  Farber.  Mathemat- 
ical discussion  of  their  strength  and  de- 
sign with  notes  on  their  cost.  Ills.  1700  w. 
Gluckauf — March  13,  1909.    No.  4263  D. 

Some  Recent  Applications  of  Concrete 
in  Mining  (Einige  neuere  Betonierungs- 
verfahren  und  ihre  Anwendungsgebiete  im 
Bergbau).  R.  Scharf.  Describes  several 
applications  in  tunnel  and  shaft  lining. 
Ills.  1800  w.  Gluckauf — March  27,  1909. 
No.  4265  D. 
Timber  Preservation. 

See  same  title,  under  CIVIL  ENGIN- 
EERING, Construction. 
Tunnelling. 

See    Tunnels,    under    CIVIL    ENGIN- 
EERING, Construction. 
ORE  DRESSING  AND  CONCENTRATION. 
Briquetting. 

The  Purple  Ore  Briquetting  Plant  of 
the  Helsingborg  Kepparwerks  Aktiebolag. 
Prof.  G.  Franke.  Abstract  trans,  from 
Glukauf.  Illustrates  and  describes  this 
part  of  a  large  copper  works  in  Sweden. 
2500  w.  Ir  &  Coal  Trds  Rev — April  2, 
1909.  No.  3916  A. 
Drying. 

Dryers    and    Drying.      W.    B.    Ruggles. 
Discusses    artificial    methods    for    the    re- 
moval of  moisture.   1200  w.   Cassier's  Mag 
— April,  1909.    No.  ^637  B. 
Gold  Milling. 

The  loo-Stamp  Desert  Mill  at  Millers, 
Nevada.  Al.  H.  Martin.  Illustrated  de- 
scription of  the  mill  for  treating  Tonopah 
ores.  1500  w.  Min  Wld — April  24,  1909. 
No.  4178. 

Metallurgical  Treatment  of  Mount  Mor- 
gan Ores.  J.  Bowie  Wilson.  Describes 
processes  for  gold  recovery  developed  to 
suit  the  peculiarities  of  the  ores.  Ills.  800 
w.  Eng  &  Min  Jour — April  24,  1909.  No. 
4175- 

See  also  Australia,  and  Cyaniding,  un- 
der Gold  and  Silver. 

Magnetic  Separation. 

See    Magnetic    Separators,    under    ME- 
CPIANICAL  ENGINEERING,  Machine 
Works  and  Foundries. 
Silver  Milling. 

See  Cyaniding,  imder  Gold  and  Silver. 
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Stamp  Mills. 

Graphical  Determination  of  the  Form  of 
Stamp  Cams  (Zeichnerische  Ermittlung 
der  Gestalt  von  Aufwerfdaumen).  M. 
Herrmann.  Illustrated  description  of 
method.  1500  w.  Zeitschr  d  Oest  Ing  u 
Arch  Ver— March  26,  1909.  No.  4281  D. 
MISCELLANY. 
Alaska. 

Alaska  and  Its  Mineral  Resources.  Al- 
fred H.  Brooks.  Information  concerning 
the  mineral  resources  and  their  develop- 
ment, transportation,  etc.  4000  w.  Pro 
Am  Min  Cong~i9o8.    No.  4143  N. 

Transportation  Facilities  in  Alaska  and 
the  Yukon.  W.  M.  Brewer.  Information 
relating  to  means  of  transportation,  dis- 
tances, routes,  ports,  etc.  Maps.  2000  w. 
Min  &  Sci  Pr— April  3,  1909.    No.  3827. 

Alloys. 

The  Silicon-Magnesium  Series  (Sur  le 
Systeme  Silicum-Magnesium).  P.  Lebeau 
and  P.  Bossuet.  A  metallographic  study 
of  the  alloys  of  these  two  metals.  Ills. 
1800  w.  Rev  de  Metal— March,  1909.  No. 
4212  E  -}-  F. 

The  Alloys  of  Antimony  (Les  Alliages 
d'Antimoine).  M.  A.  Portevin.  Summar- 
izes the  results  of  Prof.  Jammann's  re- 
searches on  the  alloys  of  antimony  with 
bismuth,  calcium,  cadmium,  cobalt,  chro- 
mium, iron,  etc.  Ills.  6000  w.  Rev  de 
Metal— Feb.,  1909.    No.  3308  E  +  F. 

America. 

The  Mineral  Wealth  of  America.  R. 
W.  Raymond  and  W.  R.  Ingalls.  A  gen 
eral  survey  of  the  known  mineral  deposits, 
their  development,  and  their  influence  on 
civilization.  5500  w.  Bui  Am  Inst  of  Min 
Engrs— March,  1909.    No.  3469  F. 

Arizona. 

Mining  and  Mineral  Resources  of  Ari- 
zona. Frank  Cox.  1500  w.  Pro  Am  Min 
Cong— 1908.     No.  4127  N. 

Arkansas. 

Mineral  Resources  of  Arkansas,  A. 
W.  Estes.  Brief  account  of  deposits  of 
zinc,  lead,  coal,  beauxite,  marble,  granite, 
and  other  minerals  of  value.  2000  w. 
Pro  Am  Min  Cong — 1908.    No.  4129  N. 

Australia. 

Distribution  of  Minerals  on  the  Pacific 
Littoral.  Abstract  of  a  lecture  by  Dr. 
Logan  Jack,  before  the  Australasian 
Assn.  for  the  Adv.  of  Science.  Discusses 
the  geographical  distribution  of  minerals 
and  its  influence  on  commerce.  2500  w. 
Aust  Min  Stand — Feb.  10,  1909.  No. 
3142  B. 

Mines  and  Mining  Plant  in  Australia. 
A  statement  of  th€  localities  of  the  chief 
metals  and  a  short  review  of  their  de- 
velopment. 4500  w.  Min  Jour — Feb.  20, 
1909.     No.  2887  A.  , 

Canada. 

The  Mineral  Production  of  Canada  in 


1908.  John  McLeish.  Review  giving  tab- 
ulated statistics  and  comments.  2500  w. 
Eng  &  Min  Jour— March  13,  1909.  No. 
3121. 

China. 

Mining  in  Northern  China.  F.  L.  Cole. 
A  general  review  of  the  present  condition 
of  the  mining  industry.  Map.  2000  w. 
Min  &  Sci  Pr— April  24,  1909.    No.  4347. 

Colombia. 

Economic  Conditions  in  Colombia.  F. 
Lynwood  Garrison.  Maps  and  informa- 
tion concerning  climate,  mining  laws, 
land  titles,  labor  conditions,  etc.  2000  w. 
Min  &  Sci  Pr— April  17,  1909.    No.  4148. 

Earthquakes. 

Geological  Fractures  in  the  Calabria- 
Sicily  Region  (Fratture  geologische  della 
Regione  Calabro  Sicula).  E.  Cortese. 
Discusses  the  geological  structure  with 
reference  to  the  recent  earthquakes.  Ills. 
6600  w.  Ann  d  Soc  d  Ing  e  d  Arch  Ital 
— March  i,  1909.    No.  4241  F. 

Geology. 

Meteor  Crater.  John  B.  Hastings.  Il- 
lustrated account  of  an  interesting  phe- 
nomenon in  Arizona.  2000  w.  Min  &  $ci 
Pr— April  10,  1909.    No.  3972. 

Japan. 

The  Mining  Industry  in  the  Hokkaido, 
Japan.  Report  of  British  Vice-Consul 
Parlett,  giving  information  of  mines,  con- 
ditions, wages,  etc.  2500  w.  Min  Jour — 
April  10,  1909.    No.  4032  A. 

Mexico. 

Protection  of  Mexican  Investors.  F. 
J.  H.  Merrill.  A  discussion  of  mining 
titles  and  points  that  have  been  matters 
of  dispute.  2000  w.  Min  &  Sci  Pr — 
April  3,  1909.    No.  3829. 

New  Zealand. 

Outline  of  New  Zealand  Geology.  James 
Park.  A  general  review  of  the  geology 
of  the  country.  The  present  number  deals 
mainly  with  the  physiographic  features. 
3000  w.  N  Z  Mines  Rec — Feb.  16,  1909. 
Serial,  ist  part.    No.  3883  B. 

Ore  Deposits. 

Occurrence  of  Ore  Deposits  in  Mineral 
Belts  Arthur  Lakes.  An  illustrated  geo- 
logical study.  2200  w.  Min  Wld — April 
10,  1909.     No.  3874. 

The  Ore  Occurrence  and  Origin  of 
Cave  Mines.  Arthur  Lakes.  Illustrates 
and  describes  remarkable  occurrences  in 
Colorado.  1600  w.  Min  Wld — April  17, 
1909.     No.  4019. 

Ores  Formed  By  Magmatic  Segrega- 
tion. F.  Lynwood  Garrison.  Reviews  the 
theories  advanced  in  regard  to  ore  depos- 
its, especially  considering  iron  ores  and 
studying  the  process  of  magmatic  segre- 
gation in  meteorites.  6000  w.  Min  &  Sci 
Pr — March  27,  1909.  No.  3678. 
Papua. 

Mining  District,  Port  Moresby,  Papua. 
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P.  N,  Charpentier.     Deals  with  the  geo- 
logical features  and  the  purchase  of  ore. 
2000  w.    Aust  Mill  Stand — March  3,  1909. 
No.  3882  B. 
Peru. 

The  Mineral  Features  of  Tayacaja, 
Ancaraes,  and  Huancavelica,  Peru.  En- 
rique J.  Duenas.  The  present  article  de- 
scribes the  province  of  Tayacaja.  2500 
w.  Min  Jour — March  27,  1909.  Serial. 
I  St  part.  No.  3785  A. 
Santo  Domingo. 

Some  Investigations  of  Santo  Domingo 
Minerals.  C.  W.  Kempton.  Illustrated 
article  describing  the  topography,  climate, 
and  features  of  the  island,  and  reporting 
the  results  of  explorations.  Gold,  lead, 
copper,  and  amber  w^ere  found.  1000  w. 
Min  Wld — March  27,  1909.  No.  3746. 
Transportation. 

Transportation  in  Its  Relation  to  the 
Mining  Industry.  Dr.  James  Douglas. 
Discusses  the  interdependence  of  the 
transportation  and  mining  industries,  and 
the  intense  activity  that  is  using  up  the 
natural  resources  of  the  country.  4500 
w.   Pro  Am  Min  Cong — 1908.    No.  4123  N. 

Transportation  of  Mineral  Products. 
Edward  H.  Harriman.  Shows  the  impor- 
tance of  mine  products  as  a  factor  in 
transportation,  discussing  their  relation 
to  the  railroads,  and  related  subjects.  5000 
w.  Pro  Am  Min  Cong — 1908.  No.  41 19  N. 
United  States. 

Distribution  of  the  Nation's  Mineral 
Wealth.  George  Otis  Smith.  Remarks 
on  production  statistics  and  the  effect  of 
the  wide  distribution  of  raw  materials. 
1200  w.  Pro  Am  Min  Cong — 1908.  No. 
4140  N. 

Relation  of  the  Federal  Government  to 
Mining.  Charles  Dick.  Shows  the  ne- 
cessity of  work  for  the  prevention  of  ac- 


cidents, loss  of  life,  and  prevention  of 
waste,  and  other  problems  of  mining  and 
metallurgy,  urging  investigation  by  the 
U.  S.  Government.  8000  w.  Pro  Am 
Min  Cong — 1908.     No.  41 18  N. 

The  Federal  Government  in  Its  Rela- 
tion to  the  Mining  Industry.  Hon.  James 
Rudolph  Garfield.  Reviews  what  the  gov- 
ernment has  done  and  proposes  to  do  in 
work  connected  with  the  mining  industry. 
3500  w.  Pro  Am  Min  Cong — 1908.  No. 
4124  N. 

The  Duties  of  the  Federal  and  State 
Governments  in  Relation  to  the  Mining 
Industry.  W.  F.  Englebright.  Remarks 
favoring  the  establishment  of  a  mining 
bureau.     1200  w.     Pro  Am   Min   Cong — 

1908.  No.  4142  N. 

The  Duties  of  the  Federal  and  State 
Governments  in  Relation  to  the  Mining 
Industry.  George  Harrison.  Recom- 
mends the  establishment  of  a  National 
Bureau  of  Mines,  to  investigate  mining 
conditions  and  secure  information  per- 
taining to  safe  and  economic  mining.  3000 
w.   Pro  Am  Min  Cong — 1908.   No.  4121  N. 

How  It  Strikes  an  American.  T.  Lane 
Carter.  A  comparison  of  mining  con- 
ditions in  America  and  South  Africa. 
Ills.     3000  w.     Min  &  Sci  Pr — March  27, 

1909.  Serial,  ist  part.     No.  3677. 
Utah. 

Some  Utah  Mineral  Deposits  and  Their 
Metallurgical  Treatment.  Robert  H. 
Bradford.  Reviews  the  present  state  of 
Utah's  mining  and  metallurgical  indus- 
tries. 5500  w.  Pro  Am  Min  Cong — 1908. 
No.  4126  N. 
Virginia. 

The  Mineral  Resources  of  Virginia.  E 
A.  Schubert.  A  general  discussion  of 
their  economic  value.  8500  w.  Pro  Am 
Min  Cong — 1908.     No.  4128  N. 
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CONDUCTING  TRANSPORTATION. 

Accidents. 

The  Railway,  the  Man,  and  the  Acci- 
dent. J.  O.  Fagan.  From  a  paper  before 
the  Am.  Anti-Accident  Assn.  A  discus- 
sion of  the  responsibility  for  accidents  of 
the  American  railway  employee.  2000  w. 
R  R  Age  Gaz — April  30,  1909.   No.  4370. 

Publicity  for  Railroad  Accidents.  W.  L. 
Park.  Considers  means  of  reducing  avoid- 
able accidents.  Also  general  discussion. 
16000  w.  Pro  W  Ry  Club— March  12, 
1909-   No.  4083  C. 

Signaling. 

Railway  Signaling.  James  B.  Latimer. 
Illustrated  detailed  description  of  the  op- 
eration of  interlocking  machines.    5000  w. 


Sig  Engr — April,  1909.  Serial,  ist  part. 
No.  3999. 

Movement  of  Trains  on  Single  Track 
Without  Train  Orders.  Synopsis  of  paper 
by  George  S.  Pflasterer,  read  before  the 
Nashville  Assn.  of  R.  R.  Officers.  De- 
scribes the  main  features  of  a  successful 
system  in  operation  between  Wauhatchie 
and  Chattanooga,  in  service  21  years.  1500 
w.    Sig  Engr — April,  1909.    No.   4000. 

The  Weverton  Signaling  Installation  on 
the  Baltimore  and  Ohio  Railroad.  Illus- 
trates and  describes  a  new  interlocking 
and  signaling  plant.  1800  w.  Eng  Rec — 
April  17,  1909.   No.  4010. 

Block  Signals  in  Des  Moines,  Iowa.  Di- 
agrams and  description  of  a  -eliable  block 
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and  danger  signal  in  use.   1200  w.   Elec  Ry 
Jonf— April  10,  1909.   No.  3824. 

Washington  Station  Signal  System. 
Brief  illustrated  description  of  the  upper 
quadrant  or  three-position  signal  system 
installed.  1500  w.  Ry  &  Loc  Engng— 
April,  1909.    No.  3656  C. 

The  Martin  Alternating-Current  In- 
ductor Train  Staff  System  (Mit  Wechsel- 
strom-Induktoren  betriebene  Zugstabein- 
richtung,  Bauart  L.  Martin).  L.  Kohl- 
fiirst.  Illustrated  description.  Serial,  ist 
part.  3000  w.  Schweiz  Bau — March  13, 
1909.     No.  4267  B. 

The  Lartigue  Electric  Semaphore  (Elec- 
tro Semaphore  Systeme  Lartigue).  J.  A. 
Montpellier.  Illustrated  description.  3000 
w.    Elecn — March  13,  1909.    No.  4224  D. 

Some  Applications  of  Electricity  in 
Railway  Service  (Quelques  Applications 
de  I'Electricite  au  Service  des  Chemins  de 
Fer).  J.  A.  Montpellier.  Describes  vari- 
ous signalHng  devices.  Ills.  5200  w. 
Elecn — March  27,  1909.  No.  4226  D, 
MOTIVE  POWER  AND  EQUIPMENT. 
Car  Ferries. 

See  Ferry  Boats,  under  MARINE  AND 
NAVAL  ENGINEERING. 
Car  Oscillation. 

The  Oscillation  of  Articulated  Cars 
(Untersuchungen  iiber  das  unruhige  Lauf- 
en  der  Drehgestellwagen).  Herr  Waddi- 
gen.  A  mathematical  mvestigation  of  the 
causes.  Ills.  3000  w.  Glasers'  Ann — 
March  i,  1909.    No.  4274  D. 

Couplers. 

The  Vinzio  Semi-Automatic  Coupler  for 
Railway  Cars  ( Attelage  partiellement  auto- 
matique  poui  Vagons  de  Chemin  de  Fer, 
Systeme  Vinzio).  Illustrated  description. 
Serial,  ist  part.  1200  w.  Bui  Tech  d  1 
Suisse  Romande — March  25,  1909.  No. 
4227  D. 

Electrification. 

The  Approaching  Transfer  of  the  Elec- 
trification Problem.  General  discussion. 
12500  w.  Pro  N  Y  R  R  Club — March  19, 
1909.    No.  3933. 

Somff  Notes  on  Railroad  Electrification 
Matters.  C.  L.  de  Muralt.  An  explana- 
tion of  the  differences  in  continuous  cur- 
rent, single  phase  and  three  phase  sys- 
tems. 2000  w.  Mich  Tech — Feb.,  1909. 
No.  4069  D. 

Proposed  Electrification  of  Part  of  the 
Grand  Trunk  Pacific.  Editorial  on  the 
proposal  to  electrify  the  portion  of  the  line 
between  the  St.  Lawrence  River  and 
Moncton,  New  Brunswick.  1000  w.  R  R 
Age  Gaz — ^April  30,  1909.    No.  4364. 

Electrification  of  the  State  Railways  of 
Italy.  Extracts  from  information  sup- 
plied by  the  general  director  of  the  State 
Railways  of  Italy.  Maps.  3000  w.  Engr, 
Lond— April  t6,  1909.  No.  4304  A. 
Locomotive  Fireboxes. 

Jacobs-Schupert     Locomotive     Firebox. 


H.  W.  Jacobs.     Illustrated  description  of 
construction,   with   explanation  of  advan- 
tages.   2500  w.  Boiler  Maker — April,  1909. 
No.  3830. 
Locomotive  Flues. 

See  Shops,  under  Motive  Power  and 
Equipment 

Locomotive  Fuels. 

Fuel  Economy  in  Six  Propositions.  W. 
B.  Landon.  States  the  propositions,  dis- 
cussing each,  and  gives  a  number  of  chem- 
ical analyses.  Relates  to  fuel  for  rail- 
ways. 2500  w.  Ry  &  Engng  Rev — April 
3,  1909.    No.  3747. 

The  Employment  of  Liquid  Fuels  on 
Locomotives  (LTmpiego  del  Combustible 
liquido  sulle  Locomotive).  Giulio  Pas- 
quali.  The  first  part  begins  a  description 
and  discussion  of  burners.  Ills.  Serial, 
1st  part.  1000  w.  Ing  Ferro — March  16, 
1909.  No.  4246  D. 
Locomotives. 

Benjamin  Hick's  Locomotives.  Herbert 
T.  Walker.  Illustrated  descriptions  of 
engines  built  during  the  years  1834-37. 
1800  w.  R  R  Age  Gaz — April  2,  1909.  No, 
3740. 

Mallet  Articulated  Compound  Loco- 
motives for  the  Southern  Pacific  Co.  Il- 
lustrated detailed  description,  giving  prin- 
cipal dimensions.  1500  w.  Ry  &  Engng 
Rev — April  24,  1909.    No.  4183. 

Mallet  Articulated  Compound  Locomo- 
tive for  the  Southern  Pacific.  Plate  and 
illustrated  detailed  description  of  engines 
intended  for  operation  on  a  grade  of  116 
ft.  to  the  mile,  and  expected  to  haul  1212 
tons  back  of  the  tender.  3000  w.  R  R 
Age  Gaz — April  30,  1909.    No.  4366. 

Baldwin  213-Ton  Articulated  Locomo- 
tive for  Southern  Pacific  Ry. ;  the  Heavi- 
est Locomotive  Ever  Built.  Illustrated 
datailed  description  of  recently  completed 
freight  engines  of  great  weight  and  size 
to  use  on  heavy  grades.  3000  w.  Eng 
News — April  29,  1909.     No.  4362. 

Mallet  Compound  Locomotive  for  the 
Mexican  Central.  Illustrated  description 
with  dimensions.  700  w.  R  R  Age  Gaz 
— April  9,  1909.     No.  3848. 

Four-Coupled  Ten-Wheel  Side-Tank 
Locomotive ;  Ballycastle  Railway.  Par- 
ticulars and  illustrated  description  of  an 
engine  for  service  in  Ireland.  Plate.  400 
w.    Engng — March  26,  1909.    No.  3790  A. 

New  Locomotives  for  the  Federated 
Malay  Railways.  Illustrated  detailed  de- 
scription of  metre  gage  Pacific  locomo- 
tives. 1200  w.  R  R  Age  Gazr— April  2, 
1909.     No.  3738. 

Heavy  Passenger  Locomotives  of  the 
4:6:2  Class;  Western  Railway  of  France, 
Illustrated  description,  with  dimensions. 
1200  w.  Eng  News — April  29,  1909.  No. 
4356. 

The  Latest  Locomotives  of  the  Orleans 
Railway  (Note  sur  les  dernieres  Locomo- 
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tives  puissantes  de  la  Coinpagnie  d'Or- 
leans).  Th.  Laurent.  Illustrated  de- 
tailed description  of  powerful  Pacific,  4- 
cylinder  compounds,  with  operating  re- 
sults. 5000  w.  Rev  Gen  des  Chemins  de 
Fer — March,  1909.  No.  4220  G. 
Locomotive  Smoke. 

The  Smoke  Nuisance  and  the  Railroads. 
A.  W.  Gibbs.  Abstract  of  paper  prepared 
for  the  Am.  Civic  Fed.  Considers  the 
subject  from  the  economical  and  geolog- 
ical standpoint.  4000  w.  Sci  Am  Sup — 
April  24,  1909.  No.  41 13. 
Locomotive  Tests. 

Indicator  Tests  and  Starting  Gear  of  the 
2-5  Four-Cylinder  Express  Compound 
Locomotives  of  the  Danish  State  Railway. 
O.  Busse.  Diagrams  and  observations  re- 
corded are  discussed.  Ills.  1700  w.  Bui. 
Int  Ry  Cong— March,  1909.    No.  3956  G. 

See  also  Ergometer,  under  MECHAN- 
ICAL  ENGINEERING,   Measursmfnt. 
Locomotive  Valve  Gears. 

Setting  Valves  on  Locomotives  with 
Walschaert  Gear.  Oscar  Antz.  Direc- 
tions for  laying  out  the  gear  on  each  loco- 
motive. Diagrams.  1000  w.  Am  Engr 
&  R  R  Jour — April,  1909.  No.  3797  C. 
Passenger  Cars. 

The  Use  of  Steel  in  Passenger  Car  Con- 
struction. John  McE.  Ames.  Discusses 
why  steel  should  be  used  in  passenger  con- 
struction, and  where,  with  related  matters, 
cost,  etc.  General  discussion.  8500  w. 
Pro  Cent  Ry  Club — March  12,  1907.  No, 
4082  C. 

The  Queen's   New  Saloon.     Illustrated 
description   of  a  new  Royal  car   for  the 
North-Eastern  Railway.     1200  w.     Engr, 
Lond — March  26,  1909.     No.  3793  A. 
Refrigeration. 

Mechanical  Refrigeration  in  Railway 
Transportation.  Joseph  Hart.  A  discus- 
sion of  the  present  situation  from  the 
point  of  view  of  the  railway,  and  from  a 
refrigerating  viewpoint.  4000  w.  R  R  Age 
Gaz — April  2,  1909.  No.  3741. 
Repair  Card. 

Abuse  of  the  M.  C.  B.  Repair  Card.    A 
general  discussion.    3000  w.     Pro  N  Y  R 
R  Club — March  19,  1909.    No.  3932. 
Sanding  Devices. 

A  Locomotive  Sanding  Device  (Un  Ap- 
pareil  pour  le  Sablage  des  Roues  de  Lo- 
comotives). E.  Sauvage.  Illustrated  de- 
scription of  a  device  invented  by  M.  Lam- 
bert. 1500  w.  Bui  Soc  d'Encour — Feb., 
1909.  No.  4216  G. 
Shops. 

A  Study  of  the  Number  and  Kind  of 
Machine  Tools  Required  in  a  Railway 
Locomotive  Machine  and  Boiler  Shop.  L. 
R.  Pomeroy.  Presents  a  scheme  for  de- 
termining the  kind  and  number  of  ma- 
chine tools  required  to  furnish  a  desired 
output.  4500  w.  Am  Engr  &  R  R  Jour — 
April,  1909.    No.  3796  C. 


Handling  Locomotive  Tubes.  Illus- 
trated description  of  the  manner  in  which 
flues  are  being  worked  in  a  B.  &  O.  shop 
at  Garrett,  Ind.,  which  turns  out  repaired 
boiler  tubes  at  the  rate  of  one  a  minute. 
1000  w.  R  R  Age  Gaz — April  9,  1909. 
No.  3845- 

New  Locomotive  Repair  Shops  of  the 
Grand  Trunk,  Battle  Creek,  Mich.  Il- 
lustrated detailed  description  of  the  shops 
and  their  equipment.  Plate.  4000  w.  R 
R  Age  Gaz — April  16,  1909.    No.  3981. 

A  Study  of  the  General  Arrangement 
of  the  Beech  Grove  Shops.  Plan,  sec- 
tions and  description  of  shops  for  the  C. 
C.  C.  &  St.  L.  Ry.  near  Indianapolis.  1500 
w.  Am  Engr  &  R  R  Jour — April,  1909. 
No.  3798  C. 
Train  Resistance. 

Some  Recent  Train  Resistance  Formu- 
lae. Lawford  H.  Fry.  Gives  for  com- 
parison, formulae  developed  from  recent 
tests  on  the  Continent,  describing  some  of 
the  methods  employed.  3500  w.  Engr, 
Lond — March  26,  1909.  Serial,  ist  part. 
No.  3791  A. 

Graphic  Presentation  of  Train  Resist- 
ance Formulas.  Sidney  C.  Carpenter. 
Table  and  diagram  with  explanation.  300 
w.  R  R  Age  Gaz — April  30,  1909.  No. 
4368. 

PERMANENT  WAY  AND  BUILDINGS. 

Ballast. 

The  New  Road  Ballast  of  the  Union 
Pacific  Railroad.  Eliot  BlackweUler. 
Gives  an  analysis  of  the  material  used  for 
ballast  on  this  fine  road.  Ills.  1000  w. 
Wis  Engr — Feb.,  1909.     No.  4315  D. 

A  Gravel  Washing  Plant  on  the  Rich- 
mond, Fredericksburg  and  Potomac  R.  R. 
E.  M.  Hastings.  Illustrated  detailed  de- 
scription of  a  plant  for  the  purpose  of 
washing  gravel  for  ballast.  1800  w.  Eng 
News — April  15,  1909.     No.  3978. 

Gravel  Washing  Plant,  Richmond,  Fred- 
ericksburg &  Potomac  R.  R.  Illustrated 
description  of  this  washing  plant,  with 
editorial  on  materials  used  for  ballast. 
3000  w.  Ry  &  Engng  Rev — April  10, 
1909.  No.  3879. 
Construction. 

Railway  Construction  Notes.  F.  Par- 
doe  Wilson.  Notes  on  shrinkage  and  over- 
haul, road  crossings,  etc.  1500  w.  Can 
Soc  of  Civ  Engrs — April  15,  1909.  No. 
4321  N. 

A  Traveling  Bridge  Suspended  from  a 
Cableway  for  Making  Fills.  Illustrated 
description  of  apparatus  being  used  on  the 
big  fills  of  the  D.  L.  &  W,  cut-ofF  near 
Blairstown,  N.  J.  1200  w.  Eng  News — 
April  22,  1909.    No.  4157. 

The  Construction  of  the  Hopatcong- 
Slateford  Low-Grade  Cut-Off  of  the 
Lackawanna  Railroad.  Illustrated  de- 
scription of  the  construction  jvork  which 
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will  cost  about  $333,000  per  mile.    4500  w. 
Eng  Rec — April  17,  1909.    Serial,  ist  part. 
No.  4009. 
Crossings. 

The  Disadvantages  of  Concrete  Foun- 
dations for  Railway  Crossings.  R.  P. 
Black.  Gives  experience  with  such  foun- 
dations and  reasons  for  considering  them 
a  failure.  Ills.  800  w.  Eng  News — 
April  29,  1909.     No.  4360. 

Grade  Crossing  Elimination.  A.  D. 
Chidsey,  Jr.  Gives  a  condensed  summary 
of  the  status  of  grade  crossing  abolition, 
covering  legislation,  amount  of  work,  and 
costs.    1800  w.    Eng  News — April  i,  1909. 

No.  3759. 

Abolition  of  Railroad  Grade  Crossmgs 
in  Philadelphia.  Describ'^s  work  of  ele- 
vating tracks  which  will  cost  about  $10,- 
000,000.  Ills.  3000  w.  Eng  Rec — April 
17,  1909.  No.  4015. 
Elevated  Railways. 

Big  Four  Track  Elevation  at  Indianapo- 
lis. Illustrated  description  of  important 
track  elevation,  as  a  part  of  plan  to  elimi- 
nate grade  crossings.  1200  w.  R  R  Age 
Gaz— April  2Z,  1909-    No.  4153. 

Elevating  Tracks  of  the  Philadelphia, 
Baltimore  &  Washington  Railroad 
Through  Wilmington,  Del.  H.  S.  Righter. 
A  description  of  this  work.  2500  w.  Pro 
Engrs'  Club  of  Phila— Oct.,  1908.  No. 
4323  D. 
Embankments. 

Holding   Railway    Banks    With    Grass. 
L.  H.  Pammel.    Reports  success  with  dif- 
ferent kinds  of  grass.    Ills.    1200  w.   R  R 
Age  Gaz — April  2,  1909.    No.  3736. 
Grade  Reduction. 

Grade  and  Line  Revision,  and  a  Con- 
crete Voussoir  Arch  Bridge;  Cumberland 
Valley  Ry.  Illustrates  and  describes  im- 
provements for  the  elimination  of  a  pusher 
grade,  as  well  as  reduction  of  grades  and 
curvature,  and  including  a  100  ft.  span 
concrete  arch.  800  w.  Eng  News — April 
8,  1909.  No.  3851. 
Location. 

General  Instructions  to  Locating  Engi- 
neers, Alaska  Central  Railway.  Instruc- 
tions prepared  by  G.  A.  Kyle  to  govern 
surveys.  10500  w.  Engng-Con — April  21, 
1909.  No.  4152. 
Rails. 

Rolled  Manganese  Steel  Rails.  Illus- 
trated article  giving  information  concern- 
ing the  rolling  of  the  Manard  rail  of  the 
Pennsylvania  Steel  Co.,  and  the  testing 
machine.  1600  w.  Ir  Age — April  22, 
1909.  No.  4097. 
Roundhouses. 

Engine  Terminal  Requirements.  A.  O. 
Cunningham.  Discusses  the  design,  ar- 
rangement, and  cost.  2500  w.  Minn  Engr 
— March,  1909.     No.  4068  C. 

Labor  and  Time  Saving  Devices  in  the 
Roundhouse.      Illustrates    and    describes 


devices  selected  from  the  McKees  Rocks 
roundhouse  of  the  Pittsburg  &  Lake  Erie 
R.  R.  1600  w.  Am  Engr  &  R  R  Jour — 
April,  1909.     No.  3800  C. 

Stations. 

Union  Passenger  Station  at  Salt  Lake 
City.  Illustrated  description  of  a  rein- 
forced concrete  structure  on  pile  foun- 
dations. 2000  w.  Ry  &  Engng  Rev — 
April  17,  1907.     No.  4052. 

Terminals. 

Steel  Construction  in  the  New  York 
Terminal  of  the  New  York  Central  & 
Hudson  River  Railroad.  Outlines  the 
general  character  of  the  terminal  yards 
and  illustrates  and  describes  features  of 
the  steel  structures.  3800  w.  Eng  Rec — 
April  10,  1909.     No.  3859. 

Track  Construction. 

Practical  Railway  Track  Work.  K.  L. 
Van  Auken.  The  present  article  consid- 
ers double-tracking  and  relaying  track. 
4500  w.  Serial,  ist  part.  Wis  Engr — 
Feb.,  1909.    No.  4316  D. 

Bush  Track  Construction.  Illustrated 
description  of  track  structure  in  the  Ber- 
gen Hill  tunnel,  Jersey  City,  N.  J.,  of  the 
D.  L.  &  W.  Ry.,  invented  by  Lincoln 
Bush.  2500  w.  R  R  Age  Gaz — April  23, 
1909.    No.  4154. 

Tunnels. 

See  same  title,  under  CIVIL  ENGI- 
NEERING, Construction. 

TRAFFIC. 

Car  Interchange. 

Freight-Car  Distribution  in  the  Prus- 
sian State  Railways  Car  Association  (Die 
Giiterwagenverteilung  im  preussischen 
Staatsbahnwagenverbande).  Herr  Gru- 
now.  Describes  the  method  of  car  inter- 
change. Ills.  Serial,  ist  part.  Glaser's 
Ann — March  i,  1909.    No.  4273  D. 

Mail  Carrying. 

Railway  Mail  Pay.  Julius  Kruttschnitt. 
Reviews  legislation  and  reduction  of  rates 
during  the  last  ten  years,  giving  receipts 
and  other  information.  3500  w.  R  R  Age 
Gaz — April  9,  1909.  Serial,  ist  part.  No. 
3846. 

Mineral  Products. 

See  Transportation,  under  MINING 
AND  METALLURGY,  Miscellany. 

MISCELLANY. 
Arabia. 

The  Hedjaz    Railway   (Die    Hedschas- 
bahn).    Herr  Denicke.    Describes  the  line, 
rolling  stock,  etc.    Ills.    4000  w.    Glaser's 
Ann — Feb.  15,  1909.    No.  3395  D. 
Australia. 

A  Utopian  Railway  Project.    Robert  W. 
Wilson.     An  explanation  of  the   railway 
situation  in  Australia.  .  1500  w.    R  R  Age 
Gaz — April  9,  1909.    No.  3847. 
Boston. 

Report  of  the  Boston  Metropolitan  Im- 
provements Commission.  Gives  the  rec- 
ommendations   of    the    commission    of    a 
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proposed  development  of  the  present 
steam  railway  systems  of  the  Boston  ter- 
minal district.  Ills.  3000  w.  R  R  Age 
Caz — April  23,  1909.     No.  4155. 

British  Columbia. 

The  Railways  of  British  Columbia. 
Brief  reports  of  progress  on  the  Grand 
TVunk  Pacific,  Canadian  Pacific,  and  Can- 
adian Northern.  2500  w.  R  R  Age  Gaz 
— April  2,  1909.     No.  3739. 

China. 

The  Railways  of  China.  Information 
concerning  the  actual  construction  and 
lines  projected,  with  statement  of  the  na- 
tions furnishing  the  capital  and  responsi- 
ble for  the  management  of  the  railways 
after  construction.  Map.  2200  w.  Engr, 
Lond — March  12,  1909.    No.  3423  A. 

Colombia. 

The  Dorada  Railway  Extension  in  Co- 
lombia. An  explanation  of  conditions  and 
of  the  inaccessible  locations  chosen  for  the 
capital  cities  of  South  America,  and  an  il- 
lustrated description  of  an  extension  of  50 
miles  recently  constructed  to  connect  Cam- 
bao  with  Honda.  1800  w.  Engr,  Lond — 
March  12,  1909.     No.  3426. 

Costa  Rica. 

Railroad  Construction  and  Harbor 
Work  in  Costa  Rica.  Substance  of  a 
paper  by  William  D.  Janney,  read  before 
the  Engineers'  Club  of  Baltimore,  describ- 
ing the  construction  of  a  railroad  and  im- 
provement of  harbor  facilities.  Ills.  2000 
w.     Eng  Rec — March  20,  1909.     No.  3272. 

England. 

The  Railway  Situation.  Editorial  re- 
view of  the  returns  of  the  English  railv/ay 
companies  for  the  second  half  of  1908,  and 
matters  related.  2200  w.  Engng — Feb. 
26,  1909.    No.  3,067  A. 

France. 

Lines  of  Local  Interest  in  France.  C. 
Colson.  Discusses  the  French  local  rail 
ways  and  rural  tramways  in  1907,  the  ur 
ban  railways  and  tramways,  and  the  pro- 
posed French  statute  concerning  lines  of 
local  interest.  7500  w.  Bui  Int  Ry  Cong 
—Feb.,  1907.    No.  3282  G. 

The  Legislation  Affecting  the  Lines  of 
Local   Interest    (Note   sur   la   Legislation 


des  Voies  Ferrees  d'  Interet  local).     A. 
Doniol.     A  discussion  of  the  recent  law. 
12000  w.     Rev  Gen  dcs  Chemins  de  Fer 
— Feb.,  1909.     No.  3324  G. 
German  West  Africa. 

The  Liidcritzbucht-Keetmanshoop  Rail 
way  in  German  Southwest  Africa  (Die 
Bahn  von  Liidcritzbucht  nach  Keet- 
inannshoop  in  Dcutsch  -  Siidwestafrika). 
Hcrr  Fricdrich.  Illustrated  description  of 
the  line,  rolling  stock,  construction  work, 
etc.  5000  w.  Glaser's  Ann — March  15, 
1909.  No.  4276  D. 
Government  Control. 

Public  Regulation  and  Control  of  Rail- 
ways. Frederic  A.  Delano.  An  address 
before  the  Hannibal  (Mo.)  Commercial 
Club.  Considers  present  conditions  of 
railway  business,  and  discusses  the  reme- 
dies suggested.  3500  w.  R  R  Age  Gaz — 
April  16,  1909.  No,  3982. 
Management. 

Methods  of  the  Santa  Fe.  Efficiency  in 
the  Manufacture  of  Transportation. 
Charles  Buxton  Going.  This  third 
article  of  a  scries  deals  with  the  manufac- 
turing policies  for  the  economical  main- 
tenance of  motive  power.  Ills.  4000  w. 
Engineering  Magazine — May,  1909.  No. 
4344  B. 
Mexico. 

The  Railroad  Systems  of  Northern 
Mexico.  H.  A.  Horsfall.  Map  and  dis- 
cussion of  the  railroads  in  operation  and 
under  construction.  1500  w.  Eng  &  Min 
Jour— April  3,  1909.  No.  3728. 
Pennsylvania. 

Pennsylvania  Railroad.     Information  in 
regard  to  the  business  of  this  great  rail- 
road.    2000  w.     R  R  Age  Gaz— April  30, 
1909.     No.  4365. 
Valuation. 

Report  of  H.  P.  Gillette  to  the  Wash- 
ington Railroad  Commission  on  the  valua- 
tion of  the  railways  in  Washington.  5000 
w.  Engng-Con — April  7,  1908.  Serial, 
ist  part.    No.  3872. 

Railway  Capital  and  Values.  W.  II. 
Williams.  An  address  before  the  N.  Y. 
Traffic  Club.  Discusses  and  criticizes 
methods  of  valuation  of  railway  property. 
3000  w.  R  R  Age  Gaz — April  2,  1909. 
Serial,     ist  part.     No.  3742. 
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Boston. 

Report  of  the  Boston  Metropolitan  Im- 
provement Commission.  Abstract  of  a 
report  particularly  considering  transpor- 
tation problems.  Also  editorial.  600Q  w. 
Eng  News — April  i,  1909.  No.  Z7^3- 
Car  Bams. 

See  same  title,  under  MECHANICAL 
ENGINEERING,  Heating  and  Cx)oling. 


Car  Maintenance. 

Mechanical  and  Electrical  Practices  at 
Harrisburg,  Pa.  Illustrated  description  of 
features  of  maintenance  practice.  3000  w. 
Elec  Ry  Jour — April  3,  1909.    No.  3666. 

Methods  and  Costs  of  Inspection  and 
Repair  Work  on  the  South  Side  Elevated 
Railroad.  An  effective  record  system 
used   in   Chicago   is   described   ard   some 
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figures  of  cost  given.     2500  w.    Elec  Ry 
Jour— April  3,  1909.     No.  3667. 

See  also  Shops,  under  STREET  AND 
ELECTRIC  RAILWAYS. 

Car  Wiring. 

Fire  Risks  in  Heavy  Car  Wiring  and 
Control.  Criticises  prevailing  methods 
and  suggests  the  use  of  grooved  slabs  of 
asbestos  slate,  and  placing  the  whole  con- 
trol apparatus  in  a  fireproof  compartment. 
2000  w.  Elect'n,  Lond— April  9,  1909.  No. 
4025  A. 

Cuba. 

Electric  Traction  in  Cuba.  Brief  illus- 
trated description  of  the  lines  of  the  Ha- 
vana Central  R.  R.  Co.  1200  w.  Tram 
&  Ry  Wld— April  i,   1909.     No.  3985   B. 

Electric  Traction. 

Calculations  for  Traction  Projects 
(Les  Methodes  de  Calcul  des  Pro  jets  de 
Traction).  M.  Parodi.  Describes  the 
author's  methods  of  solving  motor  and 
train-movement  problems.  Ills.  10800  w. 
Bui  Soc  Ind  d'Elecns — March,  1909.  No. 
4209  F. 

Havana. 

The  Havana  Central  Railroad.  Regi- 
nald Gorham.  Brief  illustrated  descrip- 
tion of  an  up-to-date  long-distance  elec- 
tric railway.  700  w.  Elec.  Wld — April  15, 
1909.    No.  3942. 

Interurban. 

Maintenance  and  Improvements  on  the 
Illinois  Traction  System.  Treats  of 
maintenance,  methods,  organization,  traf- 
fic, and  extension  of  lines.  Ills.  5400  w. 
Elec  Ry  Jour — April  17,  1909.    No.  3967. 

London. 

The  Electrical  System  of  the  London 
County  Council  Tramways.  John  Hill 
Rider.  Describes  the  development  of  the 
undertaking  and  the  equipment  of  the 
Greenwich  generating  station.  Gives  cost 
details.  Ills.  13500  w.  Inst  of  Elec 
Engrs — April  i,  1909.     No.  3775  N. 

Mexico  City. 

Conditions  of  Electric  Railway  Opera- 
tion in  Mexico  City.  An  illustrated 
article  describing  the  character  of  the 
population  and  features  of  the  tramway 
system.  3500  w.  Elec  Ry  Jour— May  i, 
T909.    No.  4371. 

Motors. 

See  Railway  Motors,  under  ELECTRI- 
CAL ENGINEERING,  Dynamos  and 
Motors. 

Rail  Bonding. 

Autogenous  Rail  Welding  (Autogene 
Schienenschweissung).  Theo.  Kautny. 
Describes  and  compares  with  regard  to 
efficiency  the  mechanical,  thermit,  and 
blowpipe  methods.  Ills.  3000  w.  Mit  d 
Ver  f  d  Ford  Lokal  u  Strassenbahn- 
wesens — March,  1909.     No.  4248  F. 

Railless. 

Electric  Trolley  Automobiles  (Elek- 
trische     Oberleitungs-     AutomobilHnien). 


Ludwig  Stoll.  Illustrates  and  describes 
several  European  railless  electric-traction 
systems.  4000  w.  Mit  d  Ver  f  d  Ford 
Lokal  u  Strassenbahnwesens — March, 
1909.  No.  4247  F. 
Shops. 

Shops  and  Equipment  Maintenance  of 
the  Illinois  Traction  System.  Illustrates 
and  describes  the  new  shops  at  Decatur, 
and  outlines  the  standardization  work. 
2500  w.  Elec  Ry  Jour — April  3,  1909.  No. 
3669. 

The  Reconstructed  Car  House  and 
Shops  of  the  Third  Avenue  Railroad  Com- 
pany. Illustrated  description  of  features 
of  the  recently  completed  reconstruction 
at  the  66th  Street  shops.  3500  w.  Elec 
Ry  Jour — April  3,  1909.  No.  3664. 
Signaling. 

Signaling  of  the  Brooklyn  Bridge  and 
Its  Manhattan  and  Brooklyn  Terminals. 
Illustrated  detailed  description  of  the 
special  system  of  automatic  signaling  in- 
stalled. 2200  w.  Sig  Engr — April,  1909. 
No.  3998. 

Street  Railway  Interlocking  at  Wash- 
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SOME   PHASES   OF    STEAM-RAILROAD    ELECTRI- 
FICATION   IN   THE   UNITED   STATES. 

By  Edzvard  N'.  Lake. 

There  are  many  indications  that  the  revival  of  prosperity,  now  clearly  in  progress, 
will  have  as  one  of  its  distinguishing  features  a  marked  activity  in  heavy  railway  electri- 
fication. While  special  instances  may  seem  to  depend — and  may  depend — on  special  con- 
ditions, local  and  incidental  in  character,  yet  the  movement  at  large  is  governed  by  great 
economic  principles  and  laws.  These  can  be  seen  only  by  getting  a  general  viewpoint 
and  a  large  survey  of  data  and  phenomena.  To  this  very  interesting  and  profitable  study 
Mr.   Lake's  article  is  addressed. — The  Editors. 

"  E  lee  tri"   ci   ty,   n.   a  property  in   bodies,   whereby,   when 
.    rubbed,  they  draw  substances  and  emit  fire." 

THIS  quaint  definition  is  taken  from  an  advanced  school  book 
of  our  grandfathers,  'The  New-York  Expositor  or  Fifth 
Book,"  to  which  there  is  appended  "A  Vocabulary  of  Scien- 
tific Terms"  and  upon  the  title  page  of  which  it  is  stated  that  it  was 
published  in  *' New-York"  in  the  year  1818,  or  a  little  more  than 
ninety  years  ago. 

It,  however,  represents  without  doubt  the  extent  of  the  popular 
knowledge  of  electricity  even  as  late  as  fifty  years  ago,  notwithstand- 
ing the  fact  that  the  telegraph  had  then  been  in  use  more  than  two 
decades  and  the  first  Atlantic  cable  had  then  been  laid  about  a  year. 

It  is  only  about  twenty-five  years  ago  that  incandescent  electric 
lamps  were  an  especially  advertised  feature  of  our  expositions,  and 
the  electric  arc  lamp  was  gorgeously  pictured  upon  the  bill  boards 
as  a  "marvel"  of  the  traveling  circus. 

Although  it  has  been  about  sixty  years  since  the  early  work  of 
Davenport,  Farmer,  and  Hall  upon  the  problem  of  applying  elec- 
tricity to  the  propulsion  of  vehicles,  it  has  only  been  a  little  over 
twenty  years  since  the  opening  of  the  Richmond  trolley  lines. 
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It  is  now  hardly  twenty-five  years  since  the  experimental  work 
of  Daft  and  Sprague  on  the  third-rail  operation  of  the  New  York 
elevated  roads,  but  only  seven  years  since  the  electrification  of  the 
Manhattan  Elevated  lines,  although  the  Chicago  elevated  roads  had 
been  operating  electrically  for  five  or  six  years  previously. 

The  ''Judge,"  a  quaint  little  electric  locomotive,  hauled  loads  of 
wondering  and  delighted  visitors  at  the  Louisville  exposition  a  quar- 
ter of  a  century  ago.  At  the  Baltimore  tunnel,  fourteen  years  ago, 
the  -electric  locomotive  demonstrated  its  ability  to  handle  heavy 
steam-railway  train  service,  but  it  is  only  two  years  now  since  com- 
mencement of  the  electrification  of  the  New  York  Central  terminals. 

Such  have  always  been  the  slow  processes  in  the  preliminary 
stages  when  a  change  of  world-wide  effect  is  to  be  made.  The 
scientific  investigator  makes  the  discovery  of  the  principle  and  evolves 
an  abstruse  theorem  or  two  and  gives  them  to  the  world.  A  few 
centuries  or  a  few  generations  afterwards,  an  inventor  applies  these 
principles  to  a  practical  appliance  for  accomplishing  some  part  of 
the  world's  work.  Then  after  a  while,  in  its  deliberate  way,  the 
industrial  world  takes  it  up,  turns  it  over,  says,  "this  I  cannot  use 
yet,  this  I  can  use  with  this  modification,  this  I  will  make  my  own 
and  use  it  as  it  is ;"  and  a  new  world  period  has  begun. 

Thus  it  was  that  the  power  of  steam  and  the  principles  of  its 
operation  were  known  by  Hero  more  than  twenty  centuries  ago,  but 
it  took  Watt,  less  than  a  century  and  a  half  ago,  to  devise  a  com- 
mercially practical  steam  engine ;  it  has,  however,  only  been  in  com- 
paratively recent  years  that  the  engine  of  this  type  has  reached  its 
highest  development,  and  only  in  the  last  decade  that  Curtis,  Par- 
sons, and  Rateau,  going  back  two-thousand  years  and  taking  one 
of  Hero's  devices,  have  developed  a  commercial  steam  turbine  which 
in  some  large  fields  is  crowding  out  entirely  the  reciprocating  engine 
of  the  type  which  Watt  developed. 

The  commercial  world  is  very  deliberate  about  taking  up  and 
adopting  new  and  radical  departures  from  its  accepted  methods  of 
doing  things.  To  illustrate  this  "inertia"  of  the  world  of  industry 
here  are  two  specific  instances. 

A  certain  purchaser's  engineer  specified  certain  new  modifica- 
tions in  an  old  and  staple  metal  product.  This  new  requirement 
was  apparently  overlooked  by  the  manufacturer's  sales  department, 
and  was  only  discovered  when  the  order  was  entered  up  at  the 
factory  office,  preparatory  to  sending  it  through  the  several  depart- 
ments of  the  mills.  Then  ensued  weeks  of  correspondence  in  which 
letters  multiplied  and  grew  fat  traveling  from  purchaser's  engineer 
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to  manufacturer's  general  offices,  and  from  manufacturer's  district 
office  to  manufacturer's  factory  office  and  back  again  two  or  three 
times  over;  all  of  the  manufacturer's  large  organizations  apparently 
agreeing  that  the  new  requirements  of  purchaser's  engineer  were 
impracticable  and  impossible. 

Now  it  so  happened  that  these  requirements  were  of  considerable 
importance  to  the  purchaser,  so  purchaser's  engineer  traveled  many 
miles  to  manufacturer's  extensive  works,  where,  after  being  passed 
along  from  office  boy  to  department  superintendent,  to  general 
superintendent  and  back  to  office  boy,  and  then  down  through  an 
untraced  line  of  minor  employees,  he  finally  reached  the  operator  of 
the  machine  which  had  to  do  with  the  particular  new  requirements. 
There  after  five-minutes  talk  with  the  man  who  actually  did  the 
work,  it  was  found  that  two  or  three  dollars  worth  of  changes  on 
the  machine  would  take  care  of  the  new  modifications  without  in- 
crease in  the  cost  of  the  product. 

Another  case  is  that  of  a  young  engineer  in  a  large  manufactur- 
ing plant  who  devised  and  proposed  an  improvement  in  the  design 
and  manufacture  of  a  certain  old  standard  part  of  their  apparatus. 
Machine  operator,  machinists,  department  foreman,  general  fore- 
man, and  even  the  shop  superintendent,  declared  the  change  to  be 
impracticable  and  found  numerous  reasons  why  it  could  not  be  done 
in  any  other  way  than  "the  way  we  have  always  done  it."  The 
young  engineer  was  firmly  convinced  that  he  was  on  the  right  track, 
and  so  in  due  time,  when  the  opportunity  presented  itself,  it  was 
placed  before  the  general  manager  with  the  result  that  a  special  order 
marked  in  large  red  letters  "rush"  went  through  the  factory,  and 
the  same  men  who  had  found  so  many  objections  readily  found 
means  of  overcoming  these  same  objections  and  added  certain  im- 
portant modifications  of  their  own,  so  that  the  final  improvement 
was  much  better  than  the  one  first  proposed. 

In  one  case  it  required  the  practical  knowledge  of  a  machine 
operator  of  the  specific  functions  of  his  machine,  and  in  the  other 
case  the  peremptory  order  of  a  general  manager,  to  overcome  the 
natural  reluctance  to  taking  up  anything  new  and  to  secure  the 
introduction  of  an  improvement. 

After  the  industrial  inertia  has  once  been  overcome,  however, 
the  rapidity  with  which  a  really  advantageous  appliance  or  system 
is  developed  and  put  into  general  use,  is  truly  marvelous.  This  has 
been  especially  true  of  the  growth  of  electrification  into  the  street- 
railway  systems  of  the  United  States  and  the  consequent  growth  of 
street  railways  under  the  influence  of  electrification.     As  will  be  seen 
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from  the  following  figures,  comparing  1890 — only  two  years  after 
the  opening  of  the  pioneer  commercial  trolley  lines  in  Richmond — 
with  the  years  1902  and  1907,  the  changes  in  a  few  years  were 
really  wonderful.  The  figures  for  1890  and  1902  are  from  published 
bulletins  of  the  Census  Bureau,  while  those  for  1907  are  from  a 
bulletin  soon  to  be  issued: 

Miles  of  Single  Track —  1890.  1902.  1907. 

Operated  by  animals 5,662  259  136 

Operated  by  cable 488  241  62 

Operated  by  steam 711  170  105 

Operated  by  gasolene ...  41 

6,861  670  344 

Operated  by  electricity • 1,262  21,907  34,o6o 

Total 8,123  22,577  34,404 

Per   cent   of   total   miles   which   were   operated   by 

electricity 15-5  97-0  99-0 

Increase  in  miles  operated  by  electricity  over  1890, 

per  cent 1636 .  o         2546 . 8 

Average  annual  increase  corresponding  to  above,  per 

cent   136.3  149-8 

It  is  interesting  to  note  from  these  figures  that  the  mileage  of 
electrically  operated  street  railways  increased  at  the  marvelous  rate 
of  149.8  per  cent,  or  in  even  numbers  150  per  cent  per  year,  for  the 
seventeen  years  to  1907. 

Out  of  the  electrification  of  street  lines,  first  has  come  a  shifting 
of  residence  population  into  suburbs  and  then  the  extension  of  the 
suburban  tip-ends  of  one  city  system  to  connect  with  the  extended 
suburban  tip-ends  of  another  city  system,  and  so  the  electric  inter- 
urban  networks  have  formed  about  population  centers  all  over  the 
country.  In  1890  the  interurban  railway  was  not  of  sufficient 
importance  to  be  considered  separately  by  the  Census  Bureau.  In 
1902  there  were  8,729  miles  valued  at  $459,ooo,cxdo.  This  truly 
remarkable  growth  of  the  urban  and  interurban  electric  railways 
has  undoubtedly  been  a  direct  result  of  the  peculiar  adaptability  of 
the  electric  motor  to  the  operation  of  cars  for  the  frequent-service, 
short-haul  conditions  in  and  about  population  centers. 

The  successive  stages  of  railroad  electrification  have  been  devel- 
oped and  extended  by  zones  about  the  centers  of  population:  First, 
the  urban  street  railway  operating  immediately  in  the  populous  cen- 
ters, then  the  suburban  electric  railway  in  the  residence  zone,  then 
the  interurban  electric  railway  reaching  into  the  country  district, 
and  now  we  have  a  few  examples  of  the  electrified  steam-railway 
terminal  serving  a  still  wider  zone  of  suburbs,  country,  and  adjacent 
towns.     When  our  larger  population  centers  are  thus  served  by  the 
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electrified  steam-road  terminals  it  is  logically  certain  that,  just  as 
in  the  case  of  the  interurban  electric  lines,  the  tip-ends  of  on"  elec- 
trified steam  terminal  system  will  be  connected  to  the  tip-ends  of 
another  electrified  steam  terminal  system,  and  so  will  come  the 
enlarged  electrified  network  which  will  ultimately  become  one 
country-wide  system  of  electrified  steam  railroads. 

Already,  according  to  published  reports,  the  New  York,  New 
Haven  and  Hartford  are  preparing  to  electrify  their  Boston  termi- 
nals and  connect  this  new  electrified  terminal  with  the  present  elec- 
trified zone  extending  out  from  New  York, 

If  we  may  draw  any  conclusions  as  to  the  rapidity  of  the  future 
growth  of  steam-railway  electrification  from  the  history  of  the 
phenomenal  growth  of  the  electrified  urban  railway,  and  of  the 
electric  interurban  railway — if  the  New  York  Central  and  the  New 
York,  New  Haven  and  Hartford  electrifications  are  to  the  era  of 
electrified  steam  railways  what  the  Richmond  trolley  was  to  the 
era  of  electricity  in  street  and  interurban  railways — then  we  may 
expect  a  very  rapid  and  wide-spread  application  of  electricity  to 
steam-railway  properties  in  the  next  decade. 

New  York  is  the  great  eastern  center  of  population  about  which 
the  ganglion  of  electrified  steam  railways  is  forming  with  their 
tipends  extending  out  toward  other  population  centers.  What  will 
be  the  western  center  whose  electrified  network  will  reach  out  its 
tip-ends  to  connect  ultimately  with  the  eastern  center  and  form  one 
or  more  electrified  trunk  lines  from  east  to  west?  Undoubtedly 
Chicago,  that  half-century-old  marvel  of  western  cities  which  is 
now  second  as  a  population  center  and  w^hose  peoples  now  number 
roughly  66  2-3  times  what  they  did  fifty  years  ago,  w^ill  be  this 
western  center. 

A  comparative  study  of  the  steam-railway  valuations  and  mile- 
age, and  of  the  population  and  land  area  contiguous  to  these  two 
great  cities,  reveals  instructive  and  significant  figures  from  which 
we  may  form  some  estimate  of  their  possible  future  importance  as 
railroad  centers, 

A  circle  having  a  radius  of  four-hundred  statute  miles,  drawn 
about  New  York  as  the  center,  includes  all  or  the  larger  part  of 
thirteen  States.  A  like  circle  with  Chicago  as  its  center  includes 
all  or  a  large  part  of  nine  States.  These  twenty-two  States  wliich 
are  shaded  on  the  map  (on  page  491)  to  show  the  geographical  rela- 
tion of  the  two  groups,  constitute  about  half  of  the  present  number 
of  States,  but  only  about  one-fourth  of  the  land  area  of  the  States 
and    territories,    exclusive    of   Alaska   and    the    insular   possessions. 
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Table  I. — Commercial  Values  of  Railway  Operating  Property  in  States 
Contiguous  to  New  York  and  Chicago  as  of  June  30th^  1904. 

Group  I. — States  entirely  or  largely  within  a  circle  about  New  York  city 
as  the  center,  having  a  radius  of  400  miles. 

Group  II. — States  entirely  or  largely  within  a  circle  about  Chicago  as  the 
center,  having  a  radius  of  400  miles. 

Figures  from  the  individual    states  are  from  Census  Bulletin  No.  21. 

Commercial  Per  cent  of  Rank 

Group  T.                                    Value  of  Total  in  of 

Operating  Property.  the  U.  S.  State. 

Pennsylvania    $1,420,608,000  12.63  i 

New  York  898,222,000  7.99  2 

New  Jersey 333,568,000  2.97  10 

Massachusetts    250,052,000  2 .  22  15 

Virginia    211,315,000  1.88  17 

West  Virginia 201,799,000  i  .80  18 

Maryland    132,342,000  i .  18  25 

Connecticut 105,369,000  .94  3^ 

Maine    80,146,000  .71  38 

New  Hampshire    79,786,000  .71  39 

Vermont    37,311,000  .23  A7 

Rhode  Island   25,719,000  .23  48 

Delaware    17,285,000  -             .15  49 

Total  13   States $3,793,522,000  33  •  74 

Commercial  Per  cent  of  Rank 

Group  II.                                   Value  of  Total  in  of 

Operating  Property.  the  U.  S.  State. 

Illinois     $805,057,000  7. 16  3 

Ohio     689,797,000  6. 13  4 

Minnesota    466,734,000  4. 15  5 

Indiana   375,541,000  3.34  6 

Iowa    344,847,000  3.07  9 

Missouri    309,768,000  2.76  11 

Wisconsin    .' 284,510,000  2.53  12 

Michigan    277,597,000  2.47  13 

Kentucky     155,772,000  1.39  23 

Total  9  States $3,709,623,000  33- 00 

Total  22  States $7,503,145,000  66.74 

Total   United    States $11,244,852,000  100.00 

While  the  land  area  of  these  two  groups  is  small  it  is  a  part  of  the 
country  which  contains  some  of  its  most  highly  developed  sections, 
and  as  will  be  seen  from  the  comparisons  which  follow,  these  two 
cities  are  the  twin  centers  around  which  are  grouped  the  largest 
part  of  the  country's  steam-railway  property  and  the  largest  part 
of  our  population. 

Tables  I  to  IV  inclusive  give  respectively  the  commercial  values 
of  railroad  property,  the  mileage  of  steam  railways,  the  population, 
and  the  land  areas  of  the  two  groups  by  States.  There  are  also  given 
the  totals  for  each  group,  the  totals  of  the  two  groups,  and  the  total 
tor  the  United  States,  together  with  the  corresponding  percentages 
to  facilitate  comparison. 
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MAP   SHOWING  NEW  YORK  AND  CHICAGO  AS  POPULATION   CENTERS  ON 

400-MILE  RADIUS. 

Table  V  is  a  comparison  of  the  group  totals  in  these  four  tables, 
and  also  contains  some  very  interesting  percentages,  from  which  it 
will  be  noted  that  five  of  the  eight  group  percentages  are  33,  two 
are  practically  one-half  of  33,  and  the  other  is  approximatelv  one- 
fourth  of  33.  Using  the  nearest  common  fraction  with  a  plus  or 
minus  sign  to  indicate  whether  the  approximation  is  over  or  un- 
der the  actual  figures,  the  following  gives  the  approximate  parts 
of  the  totals  for  the  United  States : 

New  York  Chicago  Both 

Group.  Group.  Groups. 

Commercial  values,  1904 1/3  +  1/3  —  2/3  + 

Mileage,  1904 1/6  +  1/3  +  1/2    + 

Population,    1900 1/3  —  1/3  —  2/3  — 

Land  areas,   1900 1/12 —  1/6 —  1/4  — 

It  will  thus  be  seen  that  nearly  equal  numbers  of  population  and 
equal  values  of  steam-railway  property  are  tributary  to  Chicago  and 
to  New  York,  but  the  railway  mileage  and  the  land  area  in  the 
western  group  are  each  almost  exactly  double  the  mileage  and  area 
in  the  eastern  group.  The  conclusion  from  this  must  be  that  with 
future  improvements  of  railway  properties  and  future  development 
of  the  land  areas,  Chicago  may  be  expected  to  increase  in  import- 
ance as  a  railroad  center  and  a  population  center  at  a  more  rapid 
rate  than  will  the  eastern  metropolis,  and  as  electrification  gradually 
becomes  general  and  is  applied  to  trunk-line  steam  systems  and 
large  steam-road  net  works,  Chicago  will  naturally  and  certainly 
become  the  great  western  terminal  of  these  electrified  trunk  lines 
and  the  great  western  center  of  these  electrified  networks. 
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Table  II— Mileage  of  Steam  Railways  in  States  Contiguous  to  New  York 
AND  Chicago  as  of  June  30TH,  1904. 

Group  I.-States  entirely  or  largely  within  a  circle  about  New  York  city 

as  the  center,  having  a  radius  of  400  miles.  ,    r-i  •  4.u« 

Grolp  Il.-States  entirely  or  largely  within  a  circle  about  Chicago  as  the 

center,  having  a  radius  of  400  miles.  -n   iw     a-  ^. 

Mileage  for  the  individual  States  is  from  Census  Bulletin  No.  21. 

^                                                      Miles  of  Per  cent  of  Rank 

Group  T.                                          Single  Total  in  of 

Track.  the  U.  S.  State. 

Pennsylvania    ii'O^a  5-15  3 

New  York  8,297  3-88  « 

Virginia    3,932  1.84  IQ 

West  Virginia  2,837  i  -33  30 

New  Jersey    2,278  1.06  34 

Massachusetts    2,119  -99  3b 

Maine   2,022  -95  f 

Maryland     1421  -66  40 

New  Hampshire   1,276  -tx)  42 

Vermont    i,c^3  -50  ^ 

Connecticut     1,018  .48  4d 

Delaware    ' 336  .16  47 

Rhode  Island  212                   ^  4» 

Total  13  States 37,834  i7-6i 

Miles  of  Per  cent  of  Rank 

Group  II.  Single  Total  in  of 

Track.  the  U.  S.  State. 

Illinois    11,623  5-43  2 

Iowa   9,859  4-6i  4 

Ohio    9,197  430  5 

Michigan    8.660  4-05  7 

Minnesota   7,8ii  3-65  9 

Missouri    •. 7,7ii  3-6o  10 

Wisconsin    7,049  3-29  ^ 

Indiana    6,918  3-23  12 

Kentucky     3,253  1-52  26 

Total  9  States 72,081  33-68 

Total  of  above  22  States 109,915  51-39 

Total  in  United  States 213,932  100.00 

In  the  electrification  of  elevated  railways  Chicago  antedated  New 
York  by  some  six  years,  but  has  apparently  been  content  to  wait  for 
the  valuable  results  and  experience  to  be  gained  from  the  electrical 
operation  of  the  New  Y^ork  terminals  before  venturing  into  the  field 
of  steam-road  electrification.  It  is  now  apparent,  however,  from 
the  activity  which  is  being  manifested  by  the  Illinois  Central  Rail- 
road, that  New  York  will  not  much  longer  enjoy  the  distinction  of 
having  the  only  large  electrification  projects  in  the  United  States. 

To  the  popular  ear  the  word  electrification  has  the  sound  of 
something  deeply  mysterious  and  greatly  complicated.  To  the 
steam-railroad  man  who  has  not  had  an  opportunity  of  making  a 
study   of   the   subject   it   sounds   complicated   and    expensive.      Ex- 
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Table  III. — Population  by  Census  of  1900  in  States  Contiguous  to  New 

York  and  Chicago. 


Group  I. — States  entirely  or  largely  within  a  circle  about  New  York  city 
as  the  center,  having  a  radius  of  400  miles. 

Group  II. — States  entirely  or  largely  within  a  circle  about  Chicago  as  the 
center,  having  a  radius  of  400  miles. 

Population  Per  cent  of  Rank 

Group  I.                                          in  Total  in  of 

1900.  the  U.  S.  State. 

New  York  7,268,894  9. 53  i 

Pennsylvania 6,302,115  8.26  2 

Massachusetts    2,805,346  3 .  68  7 

New  Jersey   1,883,669  2 .  47  16 

Virginia    1,854,184  2.43  17 

Maryland    1,188,044  i-56  26 

West  Virginia    958,800  i  .26  28 

Connecticut    908,420  i .  19  29 

Maine    694,466  .91  30 

Rhode  Island 428,556  .56  34 

New   Hampshire    411,588  .54  36 

Vermont    343,641  -45  38 

Delaware    184,735  •  24  42 

Total   13  States 25,232,458  33 -08 

Population  Per  cent  of  Rank 

Group  II.                                        in  Total  in  of 

1900.  the  U.  S.  State. 

Illinois    4,821,550  6.32  3 

Ohio    4,157,545  5.45  4 

Missouri    3,106,665  4.07  5 

Indiana    2,516,462  3.30  8 

Michigan    2,420,982  3.17  9 

Iowa    2,231,853  2 .  92  10 

Kentucky    2,147,174  2.81  12 

Wisconsin    2,069,042  2.71  14 

Minnesota    i, 751,394  2.30  19 

Total  9  States 25,222,667  33.05 

Total  22  States 50,455,125  66. 13 

Total  United  States 76,303,387  100.00 

pensive,  because  he  has  visions  of  a  large  portion  of  the  railwav 
property  and  equipment  going  directly  to  the  "scrap  heap"  with  the 
advent  of  electrification.  In  reality,  electrification  is  simple  in  its 
elements  and  afifects  only  a  very  small  percentage  of  the  value  of 
the  railway  property.  Furthermore,  the  part  which  is  displaced 
will  not  go  any  more  rapidly  or  any  more  directly  to  the  scrap  heap 
than  under  non-electrified  operation. 

Reduced  to  its  simplest  terms,  electrification  consists  in  substi- 
tuting for  the  steam  locomotives  three  electrical  elements,  viz:  A 
generating  system,  a  distributing  system  and  a  motive  system. 
Basing  an  estimate  upon  the  total  number  of  steam  locomotives  in 
the  United  States,  reported  as  of  June  30,  1908,  which  was  in  round 
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Table  IV. — Land  Area  of  States  Contiguous  to  New  York  and  Chicago. 

Group  I. — States  entirely  or  largely  within  a  circle  about  New  York  city 
as  the  center,  having  a  radius  of  400  miles. 

Group  II. — States  entirely  or  largely  within  a  circle  about  Chicago  as  the 
center,  having  a  radius  of  40c  miles. 

Total  land  area  is  exclusive  of  Alaska,  Hawaii  and  Philippines. 

Square  Miles  Per  cent  of  Rank 

Group  I.     •                                       of  Total  in  of 

Land  Area.  the  U.  S.  State. 

New  York  47,620  i .  60  28 

Pennsylvania    44,985  i .  51  31 

Virginia    40,125  1.35  34 

Maine    29,895  i .  00  40 

West  Virginia    24,645  .83  41 

Maryland    9,860  .2,2,  42 

Vermont  9,135  .31         ,  43 

New  Hampshire    • 9,005  .30  44 

Massachusetts    8,040  .27  45 

New  Jersey  7,525  .25  46 

Connecticut    4,845  .  16  47 

Delaware    1,960  .  07  48 

Rhode  Island   1,053  •  04  49 

Total  13  States 238,693  8.02 

Square  Miles  Per  cent  of  Rank 

Group  II.                                           of  Total  in  of 

Land  Area.  the  U.  S.  State. 

Minnesota    79,205  2.67  13 

Missouri    68,735  2.31  17 

Michigan    57,430  i .  93  20 

Illinois    56,000  1 .89  21 

Iowa    55,475  i  .87  22 

Wisconsin    54,450  i .  83  22 

Ohio    40,760  1 .37  ZZ 

Kentucky    40,000  1.35  35 

Indiana    35,9io  1.21  37 

Total  9  States 487,965  16.43 

Total  22  States 726,658  24.45 

Total  United  States 2,970,038  100 .  00 

numbers  55,000,  and  allowing  an  average  estimated  value  of  $11,500 
each,  it  will  be  seen  that  this  represents  a  value  of  $632,500,000. 
But  the  total  estimated  value  of  all  steam-road  property  on  the 
same  date  was  $13,000,000,000,  so  that  the  locomotive  investment 
was  only  4.86  per  cent,  or  say  5  per  cent  of  the  total  value  of  rail- 
way property.  Then  it  must  be  borne  in  mind  that  the  average  life 
of  a  steam  locomotive  is  only  about  twenty  years,  and  that  an  aver- 
age number  of  2,161  locomotives  per  year  has  been  purchased  during 
the  four  years  ending  June  30,  1908.  So  it  is  apparent  that  each 
of  the  locomotives  displaced  by  electrification  will  have  abundant 
opportunity  to  serve  out  its  allotted  life  on  some  branch  line  or 
remote  service,  and  that  no  loss  by  '"scrapping"  of  serviceable 
equipment  need  be  taken  into  account  in  an  electrification  project. 
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A  steam  locomotive  is  a  highly  perfected  portable  power  plant, 
consisting  of  fuel  storage,  water  storage,  boiler  equipment,  s;eam 
engines,  and  a  cab  for  the  operators  and  control  apparatus,  all 
mounted  on  wheels.  Coal  and  water  must  be  provided  at  con- 
venient points  along  the  railawy  lines  so  that  the  locomotive  storage 
of  these  necessities  may  be  replenished  when  required. 

Table   V. — A    Comparative    Summary   of   Values    of    Railway    Operating 

Property,  Mileage  of  Steam  Railways,  Population  and  Land  Areas 

of  States  Contiguous    to  New  York  and  Chicago. 

Group  I. — Consists  of  the  thirteen  States  which  are  entirely  or  largely 
v/ithin  a  circle  having  a  radius  of  400  miles  about  New  York  as  the  center. 

_  Group  II. — Consists  of  the  nine  States  which  are  entirely  or  largely  within 
a  circle  having  a  radius  of  400  miles  about  Chicago  as  the  center. 

Group  I,  Group  II.  Total  Total 

New  York  Chicago  Groups  United 

AS  Center.        as  Center.  I.  and  II.  States. 

Values    in    1904...  $3,793,522,000    $3,709,623,000    $7,503,145,000    $ii,244,852;000 
Mileage  m  1904...  37,834  72,081  109,915  213,932 

Population  in   1900         25,232,458  25,222,667  50,455,125  76,303,387 

Land   area    in    sq. 

miles 238,693  487,965  726,658  2,970,038 

Percentages : 

Values,    1904 33.74  33.00  66.74  100 

Mileage,    1904 17.61  33.68  51.39  100 

Population,   1900...  33.08  33.05  66.13  100 

Land   area 8.02  16.43  24.45  100 

It  is  almost  invariably  true  that  large  quantities  of  a  commodity 
can  be  procured  more  economically  than  small  quantities  can.  Energy 
tor  operating  trains  may  be  considered  as  a  commodity.  The  aver- 
age nominal  horse  power  of  all  the  steam  locomotives  now  in  use 
in  the  United  States  would  probably  be  not  much  over  500  horse 
power  each,  while  each  of  the  several  stationary  units  of  a  modern 
electrical  power  station  would  have  a  capacity  of  10,000  to  20,000 
horse  power.  The  power  station  is  located  so  that  fuel  and  water 
supply  can  be  supplied  economically,  is  equipped  with  highly  per- 
fected apparatus  for  handling  fuel,  has  a  highly  developed  organiza- 
tion to  operate  it;  so  that  energy  for  operating  trains  can  be  pro- 
duced more  economically  In  one  electrical  power  plant  of  say  20,000 
horse-power  capacity  than  It  can  in  forty  separate  and  portable  power 
plants  of  500  horse  power  each. 

Since  electrical  energy  can  be  efficiently  transmitted  over  dis- 
tances of  100  to  200  miles,  some  further  economies  can  be  taken 
advantage  of  by  locating  the  power  plants  at  the  coal  mines,  and 
mstead  of  hauling  the  coal  away  In  long  and  numerous  trains  of 
gondolas,  the  energy  of  the  coal  will  be  transmitted  through  the 
small  wires  of  the  electrical  circuits  to  the  points  where  It  Is  re- 
quired.    Full  advantage   can   also  be   taken   of  water  powers,   now 
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undeveloped  because  of  lack  of  market  for  the  energy.  This  power 
in  the  form  of  electrical  energy  will  be  far  more  economical  in  many 
locations  than  the  same  amount  of  power  from  the  use  of  coal. 

In  the  two  New  York  electrification  projects  now  in  operation 
two  different  systems  have-  been  installed  and  may  be  said  to  be  in 
process  of  trying  out.  The  New  York  Central  uses  direct-current 
electricity  delivered  to  the  motors  by  means  of  a  working  con- 
ductor in  the  form  of  a  third  rail.  The  New  York,  New  Haven  and 
Hartford  uses  alternating  current  delivered  to  the  motors  by  means 
of  a  working  conductor  in  the  form  of  an  overhead  trolley  wire. 
In  both  systems,  if  electrical  energy  is  transmitted  for  long  dis- 
tances to  the  point  where  it  is  delivered  to  the  working  conductors, 
the  transmission  is  accomplished  by  means  of  high-potential  alter- 
nating current. 

In  the  middle  west,  in  the  tunnels  under  the  St.  Clair  river, 
these  two  systems  will  also  be  used  and  tried  out  side  by  side.  In 
the  Grand  Trunk  tunnel  between  Port  Huron  and  Sarnia  there  has 
recently  been  placed  in  operation  an  electrified  section  using  the 
alternating-current  overhead-trolley  system.  At  the  Michigan  Cen- 
tral tunnel,  now  being  constructed  under  the  same  river  at  Detroit, 
the  direct-current  third-rail  system  will  be  used. 

This  trying  out  of  the  two  systems  side  by  side  in  similar  kinds 
of  service  is  very  fortunate  with  reference  to  the  ultimate  develop- 
ment and  success  of  steam-road  electrification.  Each  system  has 
been  developed  and  placed  on  the  market  by  a  different  manufac- 
turing corporation  of  large  resources  and  unquestioned  responsi- 
bility. Each  of  these  companies  has  had  long  experience  in  the 
design  and  manufacture  of  electrical-power  apparatus,  and  each  has 
brought  forward  a  complete  and  successful  system  of  electrification, 
first  for  street  and  interurban  railways  and  then  for  steam-road 
operation.  This  competition  insures  in  the  trying-out  periods  of 
early  operation  and,  in  fact,  at  all  subsequent  times,  the  most  careful 
watchfulness  on  the  part  of  the  highly  trained  experts  of  each 
company  to  discover  any  defects  in  the  apparatus  or  any  improve- 
ments that  can  be  devised  to  take  care  of  the  service  better  and 
more  economically.  It  was  a  foregone  conclusion,  considering  the 
ability  and  prestige  of  the  engineers  who  designed  the  systems  and 
directed  the  installation,  the  experience  and  responsibility  of  the 
companies  who  manufactured  the  apparatus,  and  the  care  with  which 
each  detail  was  worked  out  and  tested  out,  that  no  defects  of  any 
serious  importance  would  develop.     Some  minor  and  petty  difficul- 
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ties  have  been  encountered,  but  these  are  inevitable  in  the  develop- 
ment and  perfection  of  any  new  device  or  system. 

It  is  interesting  to  note  in  this  connection  that  representatives  of 
each  railroad  are  enthusiastic  as  to  the  applications  and  results  of 
electrification,  and  that  each  is  certain  and  can  give  many  pages  of 
reasons  why  the  system  installed  on  his  own  particular  railroad  is 
better  than  that  installed  upon  the  rival  road. 

Mr.  W.  J.  Wilgus,  chief  engineer  during  electrification  and  later 
vice-president  of  the  New  York  Central  railroad,  who  was  also 
chairman  of  the  Electric  Traction  Commission,  presented  before  the 
American  Society  of  Civil  Engineers  some  months  ago  a  very  com- 
plete report  of  the  results  of  the  operation  of  that  railway's  electri- 
fied lines.  One  is  peculiarly  impressed,  in  reading  this  paper,  with 
the  idea  that  there  are  apparently  no  objections  to  electrical  opera- 
tion by  means  of  the  direct-current  third-rail  system,  but  there  are 
pages  of  advantages  given  and  they  are  stated  in  percentages,  too. 
For  instance,  Mr.  Wilgus  states  that  electrification  has  increased 
the  capacity  of  the  New  York  passenger  terminal  33  1-3  per  cent, 
has  decreased  locomotive  repairs  and  fixed  charges  19  per  cent,  and 
effected  net  earnings  in  various  classes  of  service  of  12  per  cent  to 
2y  per  cent,  besides  abolishing  the  nuisances  of  smoke  and  foul  air 
and  corrosive  fumes  incident  to  the  use  of  the  steam  locomotive. 

Mr.  W.  S.  Murray,  electrical  engineer  of  the  New  York,  New 
Haven  and  Hartford  railway,  has  recently  presented  a  paper  before 
the  American  Institute  of  Electrical  Engineers,  in  which  he  expresses 
himself  very  positively  as  to  the  superior  advantages  of  the  alter- 
nating-current overhead-trolley  system  in  operation  on  the  electrified 
lines  of  that  road.  One  of  his  concluding  paragraphs  is  so  like  an 
epigram  that  it  is  quoted.  "History  sustains  the  undeniable  truth 
that  alternating  current  is  the  preferred  agent  for  the  transfer  of 
electricity  where  either  distance  or  capacity  is  involved.  A  railroad 
involves  both." 

From  the  experience  of  these  two  railroads  and  the  reports  of 
these  two  eminent  engineers,  it  is  apparent  that  either  system  of 
electrification,  if  selected  after  due  Investigation  and  consideration  on 
the  part  of  the  management  and  the  engineers,  will  be  successful 
in  operation  and  will  ever  afterwards  be  heralded  by  those 
responsible  for  its  selection  as  the  only  really  satisfactory, 
economical,  and  reliable  system  of  electrified  railroad  operation. 


THE    EQUIPMENT   OF   THE    UNITED   STATES 
EXPLOSIVES-TESTING  STATION. 

By  Clarence  Hall. 

This  official  report  of  the  preliminary  result  of  tests  is  prepared  by  the  expert  in 
charge  of  the  Explosives  Section  of  the  United  States  Geological  Survey  for  presenta- 
tion before  the  Seventh  International  Congress  of  Applied  Chemistry,  London,  June,  1909. 
The  station  is  under  the  general  direction  of  Dr.  Joseph  A.  Holmes,  expert  in  charge  of  the 
Technologic  Branch  of  the  Survey,  and  this  complete  text  and  illustration  of  Mr.  Hall's 
paper  is  supplied  especially  to  The  Engineering  Magazine  by  the  courtesy  of  the  Technologic 
Branch,  and  published  by  permission  of  the   Director. — The   Editors. 

THE  tests  of  the  Explosives  Section  of  the  Mine  Accidents 
Division,  United  States  Geological  Survey,  Department  of 
the  Interior,  are  both  chemical  and  physical.  The  chemical 
tests  include  the  analyses  of  the  explosives,  the  chemical  examina- 
tion of  the  products  of  combustion,  stability  and  exudation  tests, 
and  other  tests  necessary  to  determine  the  effects  of  storage  and 
the  keeping  qualities  of  explosives.  The  physical  tests  are  con- 
ducted in: — 

1.  Gas  and  dust  gallery  No.  i, 

2.  Ballistic  pendulum,  and  on  the  following  pieces  of  apparatus 
installed  in  Building  No.  17  for  the  determination  of  various  physi- 
cal factors : 

3.  Trauzl  lead  blocks, 

4.  Small  lead  blocks, 

5.  Calorimeter, 

6.  Rate  of  detonation  of  high  explosives,   . 

7.  Flame-test  apparatus, 

8.  Impact  machine, 

9.  The  determination  of  the  maximum  distance  of  propagation 
of  the  explosion  wave, 

10.  Rate  of  burning  of  slow  explosives, 

11.  Bichel  pressure  gauges,  and 

12.  Black-powder  separator. 

I. — Gas  and  Dust  Gallery  No.  i. 

Gas  and  Dust  Gallery  No.  i  is  cylindrical  in  form,  100  feet  long, 

and  has  a  minimum  internal  diameter  of  6  feet  4  inches.     In  consists 

of  f-fteen  similar  sections  each  6  feet  8  inches  long,  and  is  built  up 

in  in-and-out  courses,     f^ie  first  three  sections  nearest  the  concrete 
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head  are  made  of  3^ -inch  boiler-plate  steel;  the  remaining  twelve 
sections  of  ^-inch  boiler-plate  steel  of  at  least  55,000-pounds  tei'Sile 
strength  per  square  inch.  Each  section  has  one  release  pressure 
door  on  top  equipped  with  a  rubber  bumper  to  prevent  its  destruction 
when  opening  quickly.  In  use,  this  door  may  be  either  closed  and 
unfastened,  closed  and  fastened  by  means  of  stud  bolts,  or  left  open. 
Each  section  is  also  equipped  with  a  ^-inch  plate-glass  window 
6  by  6  inches.    All  windows  and  doors  are  centrally  placed. 

The  sections  are  held  together  by  a  lap  joint.  At  each  lap  joint 
there  is  on  the  interior  of  the  gallery  a  2^ -inch  circular  angle  iron 
upon  the  face  of  which  a  paper  diaphragm  may  be  placed  and  held 
in  position  by  semi-circular  washers,  studs,  and  wedges.  These 
paper  diaphragms  are,  of  course,  used  to  assist  in  confining  the  gas 
and  air  mixture. 

The  natural  gas  used  is  from  the  mains  in  the  city  of  Pittsburg, 
a  typical  analysis  of  which  is  as  follows : 

per  cent. 

Carbon  dioxide 0.0 

Oxygen   0.2 

Heavy  hydrocarbons 0.0 

Carbon  monoxide 0.0 

Methane  •• 85.3 

Ethane 11. 8 

Nitrogen  2.y 

100. 0 

The  volume  of  gas  entering  is  measured  by  a  very  accurate  test 
meter  reading  to  1-20  of  a  cubic  foot.  The  gas  enters  the  re- 
quired division  (three  sections)  or  divisions  of  the  gallery  near  the 
bottom  from  a  2-inch  perforated  gas  pipe  14  feet  long.  The  perfora- 
tions are  so  arranged  that  an  equal  flow  of  gas  is  maintained  from 
each  unit  length  of  this  pipe. 

Each  division  is  further  equipped  with  an  exterior  circulating 
system,  providing  an  efficient  rnethod  of  mixing  the  gas  with  the  air. 
For  the  first  division  this  circulation  system  is  stationary,  a  portion 
of  the  piping  being  equipped  with  heating  coils  for  maintaining  a 
constant  temperature  of  the  mixture.  "  All  other  divisions  have  a 
common  circulating  system  mounted  on  a  truck  which  may  be  used 
on  any  one  of  these  divisions.  Valves  are  provided  for  isolating  the 
fan  so  that  a  possible  explosion  will  not  injure  it. 

The  center  section  of  each  division  is  provided  with  an  Indicator 
cock,  which  is  used  for  two  purposes:  (i),  for  Indicators  to  record 
pressure  above  and  below  atmosphere;  (2),  for  providing  an  opening 
whence  samples  of  the  mixture  may  be  procured.     All  divisions  of 
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the  gallery  are  equipped  with  shelves  laterally  arranged  so  that 
coal  dust  may  be  placed  thereon. 

The  cannon  in  which  the  explosive  is  fired  is  imbedded  in  the  con- 
crete head,  the  axial  line  of  the  bore  hole  being  coincident  with  the 
axial  line  of  the  gallery.  The  cannon  consists  of  two  parts,  a  jacket 
and  a  liner.  The  jacket  is  36  inches  long,  24  inches  external  diam- 
eter, and  g}^  and  7^  inches  internal  diameter,  and  is  made  of  best 
cast  steel,  cast  iron  or  vanadium  steel.  The  liner  is  36^  inches 
long,  with  a  i-inch  shoulder  7^  inches  from  the  back,  changing  the 
diameter  from  9^  inches  to  7^  inches,  having  a  smooth  bore  2% 
inches  in  diameter  and  21}^  inches  deep.  The  face  of  the  cannon 
is  even  with  the  face  of  the  concrete  head. 

The  charge  is  fired  electrically  from  the  Observation  Room,  and 
(that  the  risk  of  charging  the  cannon  may  be  minimized)  the  charger 
carries  in  his  pocket  the  plug  of  a  stage  switch  (this  being  the  only 
one  of  its  kind  on  the  grounds),  so  that  it  is  impossible  to  complete 
the  circuit  until  the  charger  has  left  the  gallery. 

The  portion  of  the  first  division  of  the  gallery  which  is  not  in 
concrete  has  a  3-inch  covering,  consisting  of  blocks  of  magnesium, 
asbestos  fibre,  asbestos  cement,  a  layer  of  8-ounce  duck,  and  then  a 
dry-proof  roofing,  the  whole  being  covered  with  a  thick  coat  of 
graphite  paint ;  all  this,  of  course,  to  assist  in  maintaining  a  constant 
temperature.  The  entire  galJery  rests  on  a  concrete  foundation  10 
feet  wide,  with  a  maximum  height  of  4  feet  6  Inches,  and  a  minimum 
height  of  2  feet. 

The  concrete  head  in  which  the  cannon  is  placed  completely  closes 
that  end  of  the  gallery.  A  narrow  drain  extending  under  the  gallery 
its  entire  length  and  a  tapped  hole  at  the  bottom  of  each  section 
provides  an  efficient  method  for  drainage. 

The  buildings  near  the  gallery  are  protected  by  two  barricades 
near  the  open  end  of  the  gallery,  each  10  feet  high  and  30  feet  long. 
A  back-stop  6  feet  high  and  9  feet  long,  50  feet  from  the  end  of  the 
gallery,  prevents  any  of  the  stemming  from  doing  damage. 

The  tests  in  the  gallery  are  witnessed  from  the  Observation 
Room,  a  protected  position  about  60  feet  from  the  gallery.  The 
walls  of  the  room  are  18  Inches  thick  and  the  line  of  vision  passes 
through  a  ^  Inch  plate  glass  6  Inches  wide  and  37  feet  long,  and  Is 
further  confined  by  two  external  guards,  each  37  feet  long  and  3 
feet  wide. 

When  humidity  tests  are  run  on  Gas  and  Dust  Gallery  No.  i. 
the  apparatus  Is  further  equipped  as  follows:  to  the  14-Inch  door- 
way *  of  section  No.   I   Is  connected  by  suitable  boxing  a  Koerting 
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GAS    AND   DUST    GALLERY    NO.     I,    SHOWING    CONSTRUCTION. 

TIu'  u])iK'r  view  shows  the  concrete  head,  port  holes  and  jjiping  for  gas  on  the  side,  ai^d 
explosion    doors    on    the   top.     An    engineer   is    recording    the   i)ressure    develoi)ed   hy    an    ex- 
plosion  of  coal  dust.      The  lower  view  shows  the  concrete  base,   piping  for  gas   on   the    right 
side,   and    part    of   the    mixing   system    on    the   left. 


exhauster  of  the  capacity  of  240,000  cubic  feet  of  free  air  per  liour. 
No.  15  doorway  is  used  as  the  air  inlet,  and  to  it  are  connected  by 
suitable  wooden  boxes  a  compartment  that  contains  steam  radiators 
and  the  humidifiers.  Three  38-inch  triple-column  radiators  (two  2}^ 
panels   and   one    16   panel),   averaging  310   square    feet   of   heating 
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GENERAL    VIEW    OF    GAS    AND    DUST    GALLERY    NO.     I. 


surface,  are  arranged  with  valves  to  control  the  quantity  of  steam 
flowing  through  them  and  are  enclosed  in  a  tight  wooden  box, 
approximately  2  feet  loj/^  inches  by  3  feet  7  inches  by  5  feet  5 
mches.  The  air  enters  this  box  through  a  rectangular  hole  10  by  12 
inches  in  the  end  of  the  box,  also  through  25  round  holes  2  inches 
in  diameter.  A  baffle  board  12  by  19^  inches  is  set  inside  the  box 
opposite  the  large  opening  to  distribute  the  current  of  air  more 
evenly  over  the  surface  of  the  radiators.  The  air  leaves  this  warm- 
ing box  through  an  11^  by  30-inch  opening  and  is  carried  upward 
by  suitable  boxing  to  a  compartment  3  feet  8^  inches  by  12  inches 
by  14  feet  2^  inches,  which  contains  the  humidifier  heads.  From 
here  it  goes  through  No.  15  doorway  in  the  top  of  the  gallery;  the 
end  of  the  gallery  being  efficiently  closed  by  brattice  cloth  and  paper 
diaphragms. 

2. — Ballistic   Pendulum. 

The  Ballistic  Pendulum  is  for  the  purpose  of  measuring  the  unit 
disruptive  force  of  various  explosives.  The  unit  disruptive  force  of 
explosives  thus  tested  is  defined  to  be  the  force  required  to  sw^ng 
the  pendulum  an  amount  equal  to  a  swing  produced  by  a  charge  of 
y2  pound  of  40  per  cent  nitro-glycerine  dynamite,  used  as  a  standard. 
The  apparatus  consists  essentially  of  a  mortar  weighing  31,600 
pounds,  suspended  on  knife  edges,  and  a  steel  cannon  mounted  on  a 
truck  on  a  track,  which  is  laid  parallel  with  the  direction  of  the  swing 
of  the  mortar  and  which,  at  the  time  of  firing,  may  be  placed  1-16  of 
an  inch  from  the  muzzle  of  the  mortar.  The  mortar  is  suspended 
from  a  beam  supported  by  concrete  walls  139  inches  high,  51  by  120 
inches  at  the  base.  On  top  of  each  wall  is  a  base  plate  anchored  to 
the  wall.  The  knife  edges  rest  on  bearing  plates  placed  on  top  of 
these,  base  plates.  Each  bearing  plate  is  provided  w-ith  a  small 
groove  for  the  purpose  of  keeping  the  knife  edges  in  oil  and  pro- 
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tccting"  them  from  the  weather.  Each  knife  edge  is  6  inches  long 
and  the  bearing  surface  is  rounded  to  conform  to  a  racHus  of  14  incli. 
The  mortar  rests  on  two  U-shaped  saddles  which  pass  through 
heavy  steel  castings  bolted  to  the  beam.  The  vertical  distance  from 
the  point  of  the  knife  edges  to  the  center  of  the  trunnions  oi  the 
mortar  is  89)4  inches. 

The  cannons  used  en  tlie  truck  are  similar  in  size  and  material 
to  those  used  in  Gas  and  Dust  Gallery  Xo.  t.  The  truck  consists 
of  four  wheels  set  to  a  30-inch  gauge,  and  the  track  extends  about 

9  feet  from  muzzle  of  mortar  to  bumper. 

The  shot  is  fired  from  the  first  floor  of  Building  Xo.   17,  about 

10  yards  from  the  pendulum,  by  means  of  an  electric  firing  battery. 
The  nian  who  charges  the  cannon  carries  a  safety  plug  from  a  stage 
switch  when  working  and  is  thus  protected  in  the  same  manner  as 
the  charger  at  Gas  and  Dust  Gallery  Xo.  i. 


BALLISTIC    PENDULUM    FOR    MEASURING   DISRUPTIVE   FORCE   OF    AN    EXPLOSIVE. 

A  recording  device  is  placed  at  the  back  of  the  mortar,  which 
is  connected  to  the  mortar  by  means  of  a  horizontal  rod  at  the  end 
of  which  is  a  circular  face.  A  lug  inserted  in  the  bottom  of  the 
mortar  directly  below  its  center  of  gravity  pushes  this  rod,  trans- 
mitting the  length  of  the  swing  to  a  scale  at  the  other  end  of  the 
rod,  which  by  means  of  a  vernier  records  the  length  of  swing  to  the 
1-200  part  of  an  inch. 
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TKAUZL   LEAD  BLOCKS    FOR    MEASURING   THE   DISRUPTIVE   FORCE   OF   AN    EXPLOSIVE. 
That   at   the   left   is   cut   through   to   show    the   cavity   produced   by   explosion. 

3. — Trauzl   Lead   Blocks 

The  Trauzl  Lead  Block  Test  is  the  method  adopted  by  the  Fifth 
International  Congress  of  Applied  Chemistry  as  standard  for  meas- 
uring' the  unit  disruptive  force  of  explosives.  The  unit  disruptive 
force  of  explosives  thus  tested  is  defined  to  be  the  force  required  to 
enlarge  the  bore  hole  in  the  block  an  amount  equivalent  to  that 
produced  by  10  grammes  of  standard  40  per  cent  nitro-glycerine 
dynamite  and  stemmed  with  50  grammes  of  dry  sand  under  standard 
conditions  as  produced  with  a  tamping  device.  The  results  of  these 
tests  when  compared  with  those  of  the  Bichel  gauge  indicate  that 
for  explosives  of  high  detonation  the  lead  block  is  quite  accurate, 
but  for  slow  explosives  the  expansion  of  the  gas  is  not  fast  enough 
to  make  comparative  results  of  value,  the  gases  escaping  from  the 
bore  hole  of  the  block  rather  than  taking  effect  in  expanding  the 
bore  hole. 

The  lead  blocks'  are  cylindrical  in  shape,  200  millimetres  in  diam- 
eter and  200  millimetres  high.  Each  has  a  central  cavity,  cylindrical 
in  shape,  25  millimetres  in  diameter  and  125  millimetres  deep,  in 
which  the  charge  is  placed.  The  blocks  are  made  of  desilverized 
lead  of  the  best  quality  and  as  nearly  as  possible  under  identical 
conditions.  The  charge  is  placed  in  the  cavity  and  prepared  for 
detonation  with  an  electric  exploder  and  stemming.  The  yoke  is 
not  used  and  no  additional  attempt  is  made  to  confine  the  charge 
further.  The  bore  hole  after  the  explosion  is  pear-shaped,  the  size 
of  tiie  cavity  depending  not  only  upon  the  disruptive  power  of  the 
explosive,  but  also  upon  its  rate  of  detonation,  as  described  above. 
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The  size  of  the  Ijorc  hole  is  measured  1)\  runninj^-  in  water  from  a 
burette  until  the  cavity  is  just  full,  the  dilTercnce  between  the  size 
of  the  cavity  originally  and  after  detonation  being  of  course  the 
enlargement  produced  by  the  explosion. 

5 . — C  A  LORi  M  F/r  i<:r 
The  Explosion  Calorimeter  is  designed  to  measure  the  quantity 
of  heat  given  off  by  detonation  of  explosive  charges  of  100  grammes. 
The  apparatus  consists  of  a  calorimeter  bomb,  the  inner  receiver  or 
immersion  vessel  and  wooden  tub,  a  registering  thermometer  and  a 
hooking  frame.  This  piece  of  apparatus  stands  on  the  first  floor  in 
the  east  end  of  Building  No   17. 


CALORIMETER  USED  IN   MEASURING   HEAT  OF  DETONATION   OF   AN    EXPLOSIVE. 
Stirrer,    jacket,    tub,    boml),    and    winch    for    handling    bomb. 

The  bomb  is  bottle-shaped,  of  ^-inch  wrought  steel,  and  has  a 
capacity  of  30  litres.  On  opposite  sides  near  the  top  are  bored 
apertures,  one  for  the  exhaust  valve,  for  obtaining  a  partial  vacuum, 
or  about  10  millimetres  of  mercury  column,  after  the  bomb  has  been 
charged ;  the  other  for  inserting  the  insulated  plug  through  which 
passes  the  fuse  wire  for  igniting  the  charge.     The  bomb  is  closed 
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with  a  cap,  by  means  of  which  the  chamber  may  be  made  absohitely 
air-tight.  The  bomb  weighs  158  poimds,  is  30  inches  high  with  cap 
on,  and  is  handled  to  and  from  the  immersion  vessel  by  means  of  a 
small  crane. 

The  inner  receiver  is  30^  inches  deep,  17^  inches  inner  diam- 
eter, and  is  made  of  i-16-inch  sheet  copper  nickel-plated,  and 
strengthened  on  the  outside  with  bands  of  copper  wire.  The  outer 
tub  is  30  inches  deep,  21  inches  inner  diameter,  is  made  of  i-inch 
lumber,  and  is  strengthened  with  four  brass  hoops  on  the  outside. 

The  stirring  device  consists  of  a  small  wooden  beam  connected 
to  a  system  of  three  rings,  having  a  horizontal  bearing  surface,  and 
is  operated  vertically  by  means  of  a  w^orm-gear  run  by  an  electric 
motor.  When  the  apparatus  is  put  together  the  inner  receiver  rests 
on  a  small  standard  on  top  of  the  base  of  the  outer  tank.  The  rings 
of  the  stirring  device  run  between  the  bomb  and  the  inner  receiver. 
The  bomb  itself  rests  on  a  small  standard  placed  on  the  bottom  of 
the  inner  receiver.  The  apparaus  is  provided  with  a  snugly-fitting 
board  cover. 

The  rise  in  temperature  of  the  water  is  read  from  a  Centigrade 
thermometer  measuring  to  the  one-hundredth  part  of  a  degree.  The 
height  of  the  mercury  column  is  read  by  means  of  a  magnifying 
glass. 

The  bomb  is  charged  from  the  top,  the  explosive  being  sus- 
pended in  the  center.  The  caps  are  then  screwed  on  and  the  appa- 
ratus set  together  as  above  described,  first,  however,  exhausting  the 
air  to  the  desired  degree  of  rarification. 

The  apparatus  is  assembled  on  scales  and  the  weight  taken  before 
the  water  is  poured  in,  and  then  the  weight  with  the  w^ater  in  the 
receiver.  By  obtaining  the  weight  of  the  water  in  this  way  and 
knowing  the  temperature,  the  calorific  value  may  be  computed.  The 
capacity  of  the  inner  receiver  is  about  70  litres.  The  charge  is 
exploded  by  electricity  while  the  water  is  being  stirred.  By  com- 
bining the  quantity  of  heat  of  the  explosive  in  calories  with  the 
specific  heats  of  the  products  of  combustion  at  the  proper  tempera- 
tures,  the  maximum  temperature  of  explosion  may  be  arrived  at. 

6. — Rate-of-Detonation  Apparatus 

This  apparatus  is  used  to  determine  the  velocity  with  which 
detonation  travels  through  a  given  length  of  an  explosive.  For 
this  purpose  the  explosive  is  placed  in  a  long  galvanized-iron  tube 
38  millimetres  in  diameter  and  1.22  metres  in  length,  and  suspended 
in  a  pit  provided  for  the  purpose  just  outside  of  Building  No.   17. 
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METTEGANG  S    RECORDER    FOR    DETERMINING    SPEED    OF    DETONATION    OF    AN  EXPLOSIVE. 
Recorder  at  right,  motor  at  left,  tachometer  on  wall  back  of  motor. 

This  pit  is  II  feet  deep,  16  feet  in  diameter,  and  is  provided  with  a 
steel-plate  casing  backed  by  a  cushion  of  sawdust  and  provided  with 
a  heavy  cover  consisting  of  large  timbers,  covered  by  reinforced 
concrete,  and  anchored  to  the  ground  with  eight  dead-men.  By 
means  of  electrical  connections  at  each  end  of  the  tube,  connected 
to  the  recording  device  known  as  Mettegang's  recorder,  placed  in 
Building  No.  17,  the  interval  of  time  elapsing  between  detonation 
at  the  two  ends  of  the  tube  is  accurately  measured  on  a  smoked  drum 
revolving  with  a  known  peripheral  speed.  In  using  such  small 
lengths  of  explosive  as  one  metre  it  is  obviously  essential  that  very 
minute  differences  in  time  shall  be  recorded.  This  recording  device 
is  conveniently  equipped  in  such  a  way  that  a  one-hundredth  part 
of  a  millimetre  may  be  measured.  The  drum  is  500  millimetres  in 
circumference  and  its  normal  speed  is  86  revolutions  per  second. 
The  smallest  time  interval  that  can  be  measured  therefore  is 
1/4,300,000  of  a  second.  The  sticks  of  explosive,  after  cutting  off 
their  ends,  are  placed  end  to  end,  the  length  of  explosive  used  being 
generally  one  metre. 
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7. — Flame-Test  Apparatus. 
This  apparatus  was  designed  for  measuring  the  length  and 
duration  of  flame  given  off  by  explosives.  It  consists  essentially  of 
a  cannon,  a  photographic  instrument,  and  a  drum  geared  for  high 
speed,  to  which  a  sensitized  •film  may  be  fastened.  The  apparatus  is 
placed  at  the  northeast  corner  of  Building  No.  17.  About  13  feet 
trom  the  outside  wall  of  the  building  is  set  the  foundation  for  the 
cannon  and  encasing  cylinder  or  shell.  Set  on  top  of  this  is  a  cannon 
identical  with  the  one  used  for  the  Gas  and  Dust  Gallery  No.  i,  the 
details  of  which  are  included  in  the  description  of  that  apparatus. 
The  shell  or  cylinder  is  set  on  top  of  the  concrete,  concentric  with 
the  cannon,  and  is  43  inches  internal  diameter,  20  feet  high,  con- 
structed of  ^-inch  boiler  plate  in  24  sections  and  made  absolutely 
light-tight  on  the  side  and  base.  Connecting  this  with  a  dark  room 
in  Building  No.  17  is  a  light-tight  conduit  of  rectangular  cross 
section,  12  inches  wide  inside,  horizontal  on  the  bottom,  sloping  on 
the  top  from  a  height  at  the  cylinder  of  8  feet  3  inches  to  21  inches  at 
the  inside  of  the  wall  of  the  building.  It  is  carefully  insulated  from 
light  by  means  of  oakum  packing  at  the  joints  in  the  building,  and 
when  not  in  use  two  small  steel  doors  isolate  the  dark  room  from  the 
light  leaking  from  the  top  of  the  shell.    The  conduit  is  riveted  to  the 
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Pit  for   speed-of-detonation   determinations  at  left.      Stack   and  conduit   of  flame-test 

apparatus   at   right. 
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shell.  A  vertical  slit  2  inches  wide  and  8  feet  long-  is  cut  in  the  shell 
coincident  with  the  center  lines  of  the  conduit.  A  vertical  !?lane 
drawn  through  the  center  line  of  the  bore  hole  of  the  cannon  and  of 
this  slit  intersects  the  center  line  of  tlie  quartz  lens,  the  center  of 
the  stenopaic  slit  immediately  in  front  of  the  film,  and  the  axis  of  the 
drum  on  which  the  film  revolves.  The  photographic  apparatus  con- 
sists of  a  shutter;  a  quartz  lens  placed  in  such  a  position  as  to  focus 
the  rays  of  light,  including  the  ultra-violet  rays  ( which  are  those 
attending  extreme  heat)  ;  a  stenopaic  slit  between  the  lens  and  the 
rotary  drum,  76  millimetres  long  and  1.7  millimetres  wide;  a 
rotary  drum  50  centimetres  in  circumference  and  10  centimetres 
deep,  geared  to  and  driven  by  a  220-volt  motor,  which  is  connected 
to  a  tachometer  reading  in  both  metres  per  second  and  revolutions 
per  minute.  A  maximum  peripheral  speed  of  the  drum  of  20  metres 
per  second  may  be  obtained.  The  speed  is  regulated  by  a  rheostat. 
The  drum,  gears,  shutter,  lens,  stenopaic  slit,  and  connecting 
apparatus,  are  enclosed  in  a  light-tight  box  for  convenience  so  that 
the  film  may  be  left  on  the  drum  in  position  should  the  operator  desire 
to  leave  the  dark  room. 

One  hundred  grammes  of  the  explosive  is  used  in  the  cannon  and 
the  firing  line  extends  from  the  cannon  to  the  dark  room,  from  which 
place  the  shot  is  fired.  The  firing  line  is  equipped  with  a  stage  switch 
as  a  precaution. 

With  the  drum  at  rest  the  flame  is  shown  on  the  film  as  a  vertical 
line  of  a  width  equal  to  the  stenopaic  slit,  and  by  simple  proportion 
the  exact  height  of  the  flame  may  be  determined.  When  the  drum  is 
in  rapid  motion  of  known  velocity,  not  only  the  height  of  flame  but 
the  duration  may  be  computed  by  measuring  the  lateral  displacement 
on  the  film  and  applying  it  to  the  known  peripheral  speed. 

8. — Impact  Machine. 

The  Impact  Machine  is  designed  to  determine  the  sensitiveness 
of  an  explosive  to  shock.  For  this  purpose  a  drop  hammer  is  used 
constructed  in  such  a  way  as  to  meet  the  follow^ing  requirements : 
(i),  a  substantial  unyielding  foundation  of  constant  temperature; 
(2),  minimum  friction  in  the  guide  grooves  so  as  to  approximate 
the  conditions  of  a  freely  falling  body;  (3),  prevention  of  escape  or 
scattering  of  the  explosive  when  struck  by  the  falling  weight. 

The  apparatus  consists  essentially  of  the  following  parts:  an 
endless  chain  working  in  a  vertical  path,  operated  by  electricity  and 
provided  with  two  lugs  equally  spaced ;  a  steel  anvil  upon  which  the 
charge  of  explosive  is  placed ;  a  steel  stamp  pressing  on  top  of  the 
charge,  holding  it  in  position ;  a  magnetizing  collar  operating  freely 
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in  vertical  guides  and  pro- 
vided with  small  jaws  in 
the  rear,  so  placed  that 
the  lugs  of  the  chain  en- 
gage them ;  a  steel  weight 
which  operates  loosely  in 
vertical  guides  and  is 
drawn  by  the  magnetiz- 
ing collar  to  determinable 
heights  when  the  machine 
is  in  operation ;  a  demag- 
netizing collar  which  may 
be  set  at  known  heights 
and  which  is  provided  with 
a  release  for  the  jaws  of  the 
first  collar,  and  recording 
device  geared  to  a  verti- 
cally driven  threaded  rod 
which  sets  the  demag- 
netizing device  and  thus 
determines  the  height  of 
fall  of  the  weights. 

The  apparatus  is  sup- 
ported by  a  concrete 
pedestal  which  is  set  at  a 
convenient  height  for  the 
operator.  The  heavy  oval- 
shaped  steel  base  of  the 
machine  itself  is  anchor- 
bolted  to  this  pedestal, 
and  into  the  base  is 
screwed  the  anvil  on 
which  the  charge  of  ex- 
plosive is  placed.  The 
main  standard  of  the  ap- 
paratus is  about  65  inches 
high  and  2^  inches  di- 
ameter, shrunk  into  a 
flanged  collar  which  is 
screwed  into  the  base 
plate  at  the  rear.  The 
collar  guides  are   ^-inch 


IMPACT  APPARATUS   FOR  DETERMINING   SENSITIVE- 
NESS OF  AN   EXPLOSIVE 
TO   SHOCK. 
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SMALL    LLAl)    liLOCKS    FOR    DETEKM  IXINCi    THK    (jL'ICKNtlSS    OF    AX    EXI'LOSIVK. 

A,  block  with  steel  tap.      B,  C,  1),  E,  blocks  after  detonation  of  "safety"  explosives. 
F,    block   after   detonation    of   40   per   cent   dynamite. 

rods,  extending-  from  a  plate  securely  fastened  to  the  top  of  the  Hanged 
collar  at  the  base  of  the  main  standard  to  the  plate  of  the 
apparatus.  The  steel  stamp  which  transmits  the  blow  of  the  fallen 
weight  is  7^  inches  high,  i  2^16  inches  in  diameter,  tapered  at  the 
base  to  a  small  cylinder  ^  inches  high  and  3/g  inches  in  diameter, 
which  operates  at  the  center  of  the  anvil.  The  drop  hammer  weighs. 
2,000  grammes,  and  moves  in  loose  fitting  guides  wdiich  produce  a 
minimum  of  friction.  The  hammer  is  dropped  from  varying  heights 
until  detonation  takes  place.  A  maximum  safety  height  is  de- 
termined when  five  attempts  to  explode  a  charge  fail  at  that  height, 
and  if  five  or  less  attempts  at  that  height,  plus  i  centimetre,  give  at 
least  one  explosion. 

Care  is  taken  that  the  anvil  and  stamp  are  well  cleaned  after 
each  test.  The  whole  apparatus  when  not  in  use  is  covered  with  oil 
and  provided  with  a  hood.  In  order  to  maintain  a  uniform  tempera- 
ture while  experimenting,  water  at  a  temperature  of  25  degrees 
Centigrade  flows  through  the  anvil. 

9. — The  Explosion-by-Influence  Tests. 

For  this  test  the  pit  described  above  under  (6)  is  used,  and  two 
sticks  of  each  explosive  are  required.  The  sticks  are  placed  end  to 
end,  separated  by  a  certain  distance,  always  a  multiple  of  one  inch, 
and  the  pair  suspended  in  a  vertical  position.  The  lower  stick  is 
detonated,  and  the  upper  stick  either  is  or  is  not  detonated,  depend- 
ing upon  the  distance  between  the  sticks  and  the  sensitiveness  of  the 
explosive  to  the  other  by  influence.  The  maximum  distance  of 
explosion  by  influence  is  established  if  the  second  stick  explodes  at 
that  distance  and  fails  to  explode  three  times  at  that  distance  plus 
one  inch. 

10. — Rate  of  Burning  Slow  Explosives. 

This  test  is  performed  in  the  pit  described  under  (6)  and  the 
explosive  is  placed  in  a  hydraulic  pipe  having  an  inside  diameter  of 
13/2  inches.     One  end  of  this  pipe  is  closed  with  a  plug,  the  other  end 
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being  free.  The  fuse  is  placed  in  the  free  end  and  tlie  explosive  burns 
toward  the  plug  end.  Insulated  annunciator  wires  are  placed  through 
by  sparks  on  the  Mettegang's  recorder,  but  the  time  interval  between 
by  sparks  on  the  Mettergang's  recorder,  but  the  time  interval  between 
the  sparks  is  taken  by  means  of  a  stop  watch. 

Care  is  taken  that  the  density  of  the  explosive  is  normal. 

II. — BiCHEL  Pressure  Gauges. 

These  gauges  are  used  for  determining  the  strength  of  explosives, 
by  measuring  pressure  developed  in  a  space  so  enclosed  that  the 
escape  of  generated  gases  is  rendered  impossible.  The  apparatus  con- 
sists of  a  stout  steel  cylinder  which  may  be  made  absolutely  air-tight, 
an  air  pump  and  proper  connections  for  exhausting  the  air  in  the 
cylinder  to  a  pressure  of  lo  millimetres  of  mercury,  an  insulated  plug 
for  providing  the  means  to  ignite  the  charge,  a  valve  by  means  of 
which  the  gaseous  products  of  combustion  may  be  removed  for  sub- 
sequent analysis,  an  indicator  and  drum,  with  proper  connection  for 
driving  it  at  a  known  speed. 

The  apparatus  is  installed  in  the  southeast  corner  of  Building  No. 
17.  The  cylinder  rests  on  a  solid  footing  at  a  convenient  height  for 
handling.  It  is  31/^  inches  long,  I9<)4  inches  diameter,  and  anchored 
to  the  footing.  The  explosion  chamber  is  19  inches  long  and  17% 
inches  in  diameter,  having  a  capacty  of  exactly  15  litres.  The  cover 
of  the  cylinder  is  a  heavy  piece  of  steel  held  in  place  by  heavy  steel 
studs  and  nuts  and  a  yoke. 

The  charge  is  placed  on  a  small  wire  tripod,  and  connections  are 
made  with  a  fuse  to  an  electric  firing  battery  for  igniting  the  charge. 
A  near-vacuum  is  produced  by  means  of  an  air  pump  in  order  to 
approach  more  nearly  the  conditions  of  a  tamped  charged  exploding  in 
a  bore  hole  inaccessible  to  air.  When  the  charge  is  exploded  a  record 
is  made  on  the  indicator  card,  and  is  a  rapidly  ascending  curve  for 
quick  explosives,  grading  into  a  shallower  curve,  slowly  rising,  for 
explosives  of  slow  detonation.  When  the  gases  cool,  the  curve  merges 
into  a  straight  line,  which  indicates  the  pressure  of  the  coolest  gases 
on  the  sides  of  the  chamber. 

Since  the  volume  of  the  chamber  is  nearly  75  times  that  of  the 
charge,  the  pressure  of  the  charge  confined  in  its  own  volume  may 
also  be  found.  The  cooling  influence  of  the  inner  surface  upon  the 
gaseous  products  of  combustion  is  a  vital  point  in  computing  the 
pressure  developed  by  an  explosive.  Its  efifect  is  eliminated  by  com- 
paring the  pressures  obtained  in  the  original  cylinder  with  those  of  a 
second  cylinder  of  larger  capacity,  into  which  have  been  inserted  one 
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or  more  steel  cylinders,  thus  increasing'  the  superficial  area  while 
keeping  the  volume  constant.  By  comparing  the  efifect  of  the  in- 
creased cooling  surface  with  the  original,  a  curve  may  be  plotted 
which  will  determine  the  actual  pressure  developed  after  the  elimina- 
tion of  the  surface  influence. 

12. — Black- FowuKR  Skparator. 

The  separator  is  made  similar  to  the  separators  used  in  powder 
mills,  but  of  reduced  size.  It  consists  of  an  inclined  box  provided 
with  slots  on  the  sides  to  carry  a  series  of  screens,  and  a  vertical  con- 
duit at  the  end  for  carrying  ofT  the  screened  products  into  different 
small  bins  standing  on  each  side  of  the  apparatus.  At  the  upper  end 
of  the  screens  is  a  small  hopper  with  a  sliding  brass  apron  to  cut  off 
the  feed.  The  screens  are  shaken  laterally  by  means  of  an  eccentric 
rod  operating  by  hand.  The  inclined  box  is  6  feet  10  inches  long  from 
tip  to  tip  and  set  at  an  angle  of  9  degrees  with  the  horizontal.  The 
grains  after  separation  fall  24  inches  through  the  vertical  conduit, 
thence  passing  on  to  the  bins  through  small  zinc  chutes  i  inch  by  2 
inches  in  section. 

The  apparatus  is  supported  by  wooden  framework  and  care  has 
been  exercised  to  have  no  steel  nor  iron  exposed  to  the  powder.  The 
screens  are  held  by  light  wooden  frames  which  slip  into  the  inclined 
box  from  the  upper  end.  In  this  w^ay  any  or  all  screens  may  be  used 
at  once,  thus  separating  all  grades  or  making  only  such  separations 
as  are  desired.  The  screens  with  the  largest  meshes  are  diagonally 
perforated  zinc  plates ;  the  finer  meshes  are  obtained  by  silk  screens. 

Zinc  Plates,  (Circular  Holes). 
Diameter  of  Holes.  Number  of  Holes, 

inches.  per  square  foot. 

i/^  353 

4/10  i;t8 

1/3  782 

i/\  1,392 

1/5  1,680 

1/8  3456 

i/io  6.636 

1/16  12,800 

Silk   Screens,    (Square  Holes). 

Dimensions  of  Holes,  inches. 
1/20  X  1/20 
t/p8  X  1/28 
Up  to  a  few  years  ago  black  blasting  powder  was  manufactured 

in  the  following  sizes : 


cc 

from    2 

to      2^-2  mesh 

c 

"         2K> 

"       3 

F 

.'         ^ 

a       5 

FF 

-1 

"      8 

FFF 

"      8 

"     16 

FFFF 

"     16 

"     28 
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In  late  years  there  has  been  quite  a  demand  for  special  sizes  and 
mixed  grains  for  individual  mines,  especially  in  the  State  of  Illinois. 
As  there  has  not  been  any  material  change  in  the  brands,  the  letters  as 
now  used  are  not  indicative  of  the  size  of  grains  they  are  supposed  to 
represent. 

Twenty-nine  samples  of  black  blasting  powder  were  recently  re- 
ceived from  the  Illinois  Powder  Commission.  This  Commission  is 
composed  of  three  miners  and  three  operators,  and  its  object  is  to 
settle  all  disputes  that  may  arise  between  the  miners  and  operators  in 
regard  to  the  kind  of  powder  used.  Of  the  twenty-nine  samples  sub- 
mitted, only  ten  contained  95  per  cent,  of  the  size  of  grains  they  were 
supposed  to  represent ;  four  contained  90  per  cent. ;  seven  varied  from 
80  to  90  per  cent. ;  several  others  were  mixtures  of  small  and  large 
grains  and  were  branded  (FF)  black  blasting  powder,  while  one  con- 
tained only  8  5/10  per  cent,  of  the  size  of  grain  it  was  supposed  to 
represent,  and  the  remaining  samples  showed  many  variations  even 
when  sold  under  the  same  name. 

This  practice  is  exceedingly  dangerous,  for  the  reason  that  a 
miner  after  becoming  accustomed  to  the  use  of  one  brand  of  (FF) 
powder  of  uniform  separation,  receives  another  make  of  similar 
brand  but  of  mixed  grains,  and  the  consequence  is  he  cannot  gauge 
the  amount  of  powder  to  be  used.  The  result  is  often  an  overload  or 
a  blown-out  shot,  while  at  the  same  time  the  smaller  grains  will  burn 
first  and  the  larger  ones  may  be  thrown  out  before  the  combustion  is 
complete.  It  has  been  suggested  by  the  Illinois  Powder  Commission 
that  a  committee  of  powder  manufacturers  and  the  Illinois  Powder 
Commission  meet  at  the  United  States  Testing  Station  at  Pittsburg 
and  discuss  this  question.  It  is  believed  that  the  powder  manu- 
facturers would  welcome  a  universal  classification  of  grains. 

After  an  extended  series  of  tests  had  been  completed  under  various 
conditions  for  the  purpose  of  standardizing  and  calibrating  the 
apparatus,  a  series  of  tests  requirements  has  been  established  to  which 
explosives  submitted  for  test  shall  be  subjected,  as  follows: 

The  tests  will  be  made  by  the  engineers  of  the  United  States 
Explosives  Testing  Station  at  Pittsburg,  Pa.,  in  Gas  and  Dust  Gallery 
No.  I.  The  charge  of  explosive  to  be  fired  in  tests  Nos.  i,  2  and  3 
shall  be  equal  in  disruptive  power  to  one-half  pound  of  nitro-glycerinc 
dynamite  in  its  original  wrapper,  of  the  following  formula : 

per  cent. 

Nitro-glycerine   4^^ 

Nitrate  of  sodium 44 

Wood  pulp 15 

Calcium  carbonate i 

'  100 


4 
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Each  shot  shall  be  fired  with  an  electric  fuse  of  sufficient  power  to 
detonate  or  explode  the  charge  completely,  as  recommended  b)  the 
manufacturer.  The  explosives  must  be  in  such  condition  that  the 
chemical  and  physical  tests  do  not  show  any  unfavorable  results.  The 
explosives  in  which  the  charge  used  is  less  than  100  grammes  will 
be  weighed  in  tin  foil  w^ithout  the  original  wrapper. 

The  dust  used  in  test  Nos.  2,  3,  4,  and  5  will  be  of  same  degree  of 
fineness  and  taken  from  one  mine. 

Test  I. — Ten  shots  with  the  charge  as  described  above,  in  the 
original  wrapper,  shall  be  fired,  each  with  i  pound  of  clay  tamping,  at 
a  gallery  temperature  of  yy  degrees  Fahrenheit,  into  a  mixture  of  gas 
and  air  containing  8  per  cent,  of  methane  and  ethane.  An  explosive 
will  pass  this  test  if  all  ten  shots  fail  to  ignite  the  mixture. 

Test  2. — Ten  shots  with  charge  as  previously  noted,  in  its  original 
wrapper,  shall  be  fired,  each  with  i  pound  of  clay  tamping,  at  a  gallery 
temperature  of  yy  degrees  Fahrenheit,  into  a  mixture  of  gas  and  air 
containing  4  per  cent,  of  methane  and  ethane  and  20  pounds  of  coal 
dust,  18  pounds  of  which  is  to  be  placed  on  shelves  laterally  arranged 
along  the  first  20  feet  of  the  gallery,  and  2  pounds  to  be  placed  near 
the  inlet  of  the  mixing  system  in  such  a  manner  that  all  or  part  of  it 
will  become  suspended  in  the  first  division  of  the  gallery.  An 
explosive  will  pass  this  test  if  all  ten  shots  fail  to  ignite  the  mixture. 

Test  3. — Ten  shots  with  charge  as  previously  noted,  in  its  original 
wrapper,  shall  be  fired,  each  with  i  pound  of  clay  tamping,  at  a  gallery 
temperature  of  yy  degrees  Fahrenheit,  into  40  pounds  of  bituminous 
coal  dust,  20  pounds  of  which  is  to  be  distributed  uniformly  on  a 
horse  placed  in  front  of  the  cannon  and  20  pounds  placed  on  side 
shelves  in  sections  4,  5  and  6.  An  explosive  will  pass  this  test  if  all 
ten  shots  fail  to  ignite  the  mixture. 

Test  4. — A  limit  charge  wall  be  determined  within  25  grammes  by 
firing  charges  in  their  original  wrappers  unstemmed  at  a  gallery 
temperature  of  yy  degrees  Fahrenheit,  into  a  mixture  of  gas  and  aii 
containing  4  per  cent,  of  methane  and  ethane  and  20  pounds  of 
bituminous  coal  dust,  to  be  arranged  in  the  same  manner  as  in 
Test  2.  This  limit  charge  is  to  be  repeated  five  times  under  the 
same  conditions  before  being  established. 

Test  5. — A  limit  charge  will  be  determined  under  the  same  con- 
ditions as  in  test  4,  except  that  2  per  cent,  of  methane  and  ethane  will 
be  used  instead  of  4  per  cent. 

Up  to  the  present  time  we  have  completed  tests  on  twentv- 
nine  different  explosives,  seventeen  of  which  have  passed  all  tests. 

Note. — At  least  two  pounds  of  clay  stemming  will  b?  MSec}  \>ith  slow-burning  ex- 
plosives. 
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It  has  been  found  that  the  permissible  explosives  having  a  nitro- 
glycerine base  have  the  highest  limit  charges,  and  that  the  average 
permissible  explosive  produces  about  the  same  amount  of  inflammable 
gases  as  ordinary  black  blasting  powder  when  charges  equal  in  dis- 
ruptive force  are  compared*.  From  the  results  of  our  tests  it  is  my 
opinion  that  several  of  the  permissible  explosives,  if  properly  used, 
would  produce  as  good  a  quality  of  coal  as  black  powder. 

Several  hundred  tests  have  been  made  with  black  blasting  powder 
in  the  presence  of  bituminous  coal  dust  and  in  every  case  an  ignition 
of  the  dust  has  occurred. 

A  series  of  tests  has  been  commenced  to  determine  the  amount  of 
moisture  necessary  with  different  coal  dusts,  to  reduce  the  liability  of 
a  coal-dust  explosion  caused  by  a  blown-out  shot  of  one  of  the  dan- 
gerous types  of  explosives.  Coal  dust  taken  from  the  roads  of  one  of 
the  coal  mines  in  the  Pittsburg  district  recjuired  at  least  12  per  cent, 
of  water  to  prevent  an  ignition,  under  the  conditions  stated  above. 
It  has  also  been  proven  that  the  finer  the  dust  the  more  water  is 
required,  and  dust  of  lOO-mesh  fine  necessitated  30  per  cent  of  water 
to  prevent  an  ignition  when  the  flame  of  a  blown-out  shot  is  in  direct 
contact  with  the  dust. 

The  usual  methods,  now  employed  in  sprinkling,  have  proven 
entirely  insufficient  to  moisten  the  dust  thoroughly  and  are  unreliable 
as  far  as  a  prevention  of  a  general  dust  explosion  is  concerned. 

At  this  station  successful  experiments  have  been  carried  out  by 
using  humidifiers  to  moisten  the  atmosphere  after  the  temperature  of 
the  air  outside  the  gallery  has  been  raised  to  a  mine  temperature  and 
drawn  through  the  humidifiers.  It  has  been  found  that  if  a  relative 
humidity  of  90  per  cent,  at  a  temperature  of  60  degrees  Fahrenheit, 
is  maintained  for  48  hours,  a  simulation  of  the  summer  conditions  in 
a  mine,  the  absorption  of  moisture  by  the  dust  and  the  blanketing 
effect  of  the  humid  air  prevented  a  general  ignition  of  the  dust. 

Humidifiers  have  been  used  in  all  tests  so  far  made  for  the  purpose 
of  raising  the  percentage  of  relative  humidity,  but  it  is  very  evident 
that  steam  or  other  spraying  devices  would  be  equally  effective.  It 
is  unquestionable  that  many  mines  could  be  successfully  and  advan- 
tageously ecjuipped  with  spraying  devices,  but  in  some  cases  it  may 
not  be  practical,  because  of  an  insufficient  supply  of  fairly  good  water. 
It  is  expected  that  the  results  obtained  at  the  testing  station  will 
be  supplemented  under  actual  working  conditions  in  the  mines.  The 
contention,  lately  pointed  out,  as  to  the  disadvantages  of  spraying, 
due  to  increase  in  falls,  can  be  definitely  determined  and  weighed 
against  the  advantages  given  by  the  protection  from  dust  explosions. 


SMOKE  PREVENTION  OR  SMOKE  CONSUMPTION. 

By  Harold  V.  Goes. 

A  preceding  article  by  Mr.  Coes  has  outlined  the  causes  of  smoke  and  the  principles 
of  smokeless  combustion,  and  has  reviewed  the  methods  and  devices  employed  to  prevent 
or  diminish  smoke  in  hand-fired  boiler  plants.  The  present  instalment  classifies  and  dis- 
cusses automatic  stokers,  describing  the  leading  types  of  apparatus  in  the  various  classes, 
with  an  estimate  of  their  usefulness  in  solving  the  problems  of  smoke  prevention.  A  brief 
concluding  article,  to  follow  next  month,  will  deal  with  the  choice  of  apparatus  to  burn 
the  various  grades  of  coal,  the  design  of  boiler  furnaces,  and  the  economy  of  mechanical 
over  hand  firing. — The   Editors. 

THE  automatic  stoker  is  the  product  of  effort  to  cure  the  many 
defects  of  hand  firing.  In  order  to  get  the  best  results  from 
a  steam-boiler  furnace,  the  firing  should  be  as  constant  and 
regular  as  possible,  so  that  the  chemical  action  may  continue  undis- 
turbed. Hand  firing,  from  its  very  nature,  must  of  necessity  be 
intermittent  and  therefore  irregular.  When  the  rate  of  combustion 
is  high  and  the  boiler  is  steaming  rapidly,  it  is  not  conducive  to  the 
highest  economy  or  the  suppression  of  smoke  to  allow  the  opening  of 
the  fire-doors  to  admit  a  fresh  charge  of  fuel,  thus  allowing  cold  air, 
often  far  below  the  freezing  point,  to  impinge  against  the  heated  sur- 
faces and  tubes  of  the  boiler,  at  the  same  time  lowering  the  tem- 
perature of  the  gases  in  the  furnaces ;  and  allowing  the  deadening  of 
the  fire  by  a  heavy  charge  of  fresh  green  fuel,  almost  always  in  excess 
of  the  actual  requirements,  and  too  often  unevenly  and  carelessly 
spread. 

Mechanical  stokers  have  been  used  in  England  since  1785.  In 
that  year  one  was  patented  by  James  Watt.  It  was  simply  a  device 
for  pushing  the  coal,  after  it  was  coked,  back  toward  the  bridge  wall, 
and  was  designed  to  meet  the  smoke-law  requirements  of  that  date. 
One  type  of  stoker  was  patented  by  John  Jukes  in  1841,  and  another 
by  E.  Henderson  in  1843.  T^^^  Jukes  stoker  consisted  of  grate-bars 
connected  by  pins  and  links  to  form  an  endless  chain,  the  grate-bars 
running  perpendicular  to  the  plane  of  rotation.  The  coal  was  fed 
into  the  chain  grate  by  a  hopper,  the  method  of  operation  being  sim- 
ilar to  that  of  modern  chain-grate  stokers.  The  Henderson  stoker 
consisted  of  two  horizontal  fans,  revolving  on  vertical  spindles,  which 
scattered  or  sprayed  the  fuel  over  the  fire.  Needless  to  say,  this  was 
not  very  satisfactory. 

517 


5i8  THE   ENGINEERING   MAGAZINE. 

The  first  distinctively  American  stoker  was  brought  out  in  1878 
by  Thomas  Murphy,  of  Detroit,  Mich.  Mr.  Murphy  was  a  marine 
engineer,  and  the  first  installations  he  made  were  in  connection 
with  marine  boilers  on  Lake  tug-boats.  One  such  installation  was 
carefully  tested  by  B.  F.  Isherwood,  Engineer  in  Chief  of  the  U.  S. 
Navy,  who  recommended  that  several  of  the  naval  steamers  be 
fitted  with  Murphy  grates-,  in  his  report  to  the  Navy  Department 
giving  particulars  of  these  trials.  He  was  unable,  however,  to 
secure  an  appropriation,  and  although  his  reports  indicate  that 
marine  boilers  could  be  stoked  mechanically  with  considerable 
economy,  the  mechanical  stoker  has  reached  its  highest  develop- 
ment in  connection  with  stationary  boilers. 

An  automatic  stoker,  in  its  simplest  form,  is  merely  a  perfect,  tire- 
less fireman.  The  claim  is  frequently  made,  by  men  of  unquestioned 
engineering  ability,  that  automatic  stokers  cannot  improve  on  the 
results  obtained  by  an  expert  fireman,  whereas  experience  shows  that 
the  results  always  bear  a  fixed  relation  to  the  quality  of  the  firing ;  in 
other  words,  it  depends  upon  the  personal  equation.  An  automatic 
stoker  eliminates  the  personal  equation,  and  furthermore  accom- 
plishes five  results  that  cannot  possibly  be  attained  with  hand-firing 
conditions.  In  the  first  place,  it  introduces  coal  into  the  furnace 
without  admitting  cold  air  over  the  fire  to  chill  the  gases,  lower  the 
efficiency,  and  start  leaky  tubes  by  unequal  expansion ;  second,  it 
burns  the  coal  in  such  a  way  that  the  volatile  gases  are  thoroughly 
consumed,  thereby  utilizing  the  highest  possible  percentage  of  the 
heat  of  combustion  with  a  correspondingly  increased  efficiency ;  third, 
it  keeps  the  fire  automatically  sliced  without  admitting  cold  air  to  the 
furnace  with  the  results  stated  above ;  fourth,  if  properly  designed, 
it  allows  the  fire  to  be  cleaned  while  the  stoker  is  in  operation  with- 
out admitting  cold  air  or  decreasing  the  furnace  temperature  or 
lowering  the  efficiency  in  any  way ;  lastly,  if  properly  designed,  it 
controls  the  amount  of  air  and  coal  in  such  a  way  that  they  always 
bear  a  fixed  relation  to  each  other  irrespective  of  the  rating  at  which 
the  boiler  is  being  operated.  This  last  accomplishment  of  the  auto- 
matic stoker  is  a  most  important  factor  in  the  economy  of  operation 
of  the  plant,  as  it  guarantees  a  practically  constant  efficiency  through- 
out the  entire  range  of  operation  and  for  nearly  any  length  of  time. 

It  is  absolutely  necessary,  however,  that  the  design  of  a  stoker  be 
suited  to  the  quality  and  the  quantity  of  the  coal  to  be  burned  per 
square  foot  of  grate  surface  per  hour.  The  stoker  should  distribute 
the  fuel  in  such  a  manner  that  it  will  be  economically  burned ;  it 
must  admit  a  proper  supply  of  air  at  the  right  place  to  insure  perfect 
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combustion;  it  sliould  allow  llic  examination  of  the  fire  at  all  times 
and  the  stirrin.^-  and  slicing  of  it  when  necessary  ;  it  must  permit, 
when  in  actual  operation,  the  ready  removal  of  clinker  from  the  grate- 
bars  and  of  ashes  from  the  fire  without  carrying  combustible  matter 
along,  and  without  breaking  up  the  fire.  The  parts  should  be  few  and 
free  from  all  com])lications,  and  easily  and  (juickly  replaceable ;  all 
uioving  parts  should  be  protected  from  the  heat  and  action  of  the 
fire.  The  stoker  should  be  installed  in  a  furnace  of  sufficient  size, 
with  a  fire-brick  roc^f  when  necessary  and  means  for  preheating  thc- 
air  if  possible. 

Mechanical  stokers,  or  methods  for  the  automatic  firing  of  fuel, 
may  be  divided  into  three  distinct  classes: — 

I. — The  ''overfeed", 

2. — The  "underfeed", 

3. — The  pulverized  or  injected  fuel. 

These  classes  may  again  be  sub-divided  into  types  :— 

a.  The  forwardly  inclined  grate  of  which  the  "Roney"  stoker  is 
the  most  typical  example, 

b.  The  V-shaped  grate,  of  which  the  Murphy  is  the  leading  type. 
(Both  of  these  stokers  are  "overfeed"). 

c.  The  "underfeed"  stoker,  the  Jones  and  the  Taylor  being  the 
most  characteristic  examples  of  this  type. 

d.  The  chain  grate,  of  which  the  Green  is  the  leading  represen- 
tative. 

There  are  a  number  of  successful  applications  of  the  principles 
represented  by  each  of  these  types,  and  there  are  records  of  success- 
ful performance  of  installations  of  many  variations  of  each  type. 
While  each  has  its  special  feature  of  excellence,  some  installations 
and  conditions  are  better  suited  to  one  class  and  type  and  some  to 
another. 

In  describing  the  first  type,  the  Roney  stoker  will  be  used  as  an 
example.  The  overfeed  stoker  receives  its  name  from  the  method 
employed  for  firing  the  fitel  into  the  furnace,  the  method  of  operation 
being  as  follows:    (See  Figure  i.) 

The  coal  is  fed  onto  the  inclined  grate  from  the  hopper  by  a 
reciprocating  platen  01*  pusher,  which  is  actuated  by  the  agitator 
rocker  arm  and  the  agitator  sector.  These  derive  .their  motion 
through  the  eccentric  from  the  driving  shaft  attached,  under  the 
hopper,  to  the  stoker  front.  The  grate  bars  rock  through  an  arc  of 
about  30  degrees,  assuming  alternately  the  stepped  and  inclined  posi- 
tion. The  grate  bars  receive  their  motion  from  the  rocker  bar  and 
attached   connecting  rod,   and   these,   together   with   the   platen,   are 
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FIG.    I.       LATEST    MODEL   OF   THE   RONEY    STOKER. 


actuated  by  the  agitator.  The  range  of  motion  of  the  pusher  is  regu- 
lated by  the  feed  wheel  according  to  the  desired  length  of  stroke,  the 
amount  of  coal  fed  into  the  furnace  being  governed  by  the  load  on 
the  boiler.  The  motion  of  the  grate  bars  is  also  controlled  by  the 
position  of  the  sheath  nut  and  lock  nuts  on  the  connecting  rod.  Each 
grate  bar  is  composed  of  two  parts,  a  vertical  web  and  a  sectional 
corrugated  fuel  plate  which  bolts  to  the  web.  These  grates  or  fuel 
plates  carry  the  bed  of  burning  fuel,  and  being  wearing  and  burning 
parts,  they  are  made  detachable,  thus  reducing  the  cost  of  repairs  to 
these  parts  to  a  minimum.  The  webs  are  perforated  with  longitudinal 
slots,  so  placed  that  the  condition  of  the  fire  can  be  seen  at  all  times 
without  opening  the  fire  doors.  These  slots  also  serve  to  conduct 
air  to  the  fuel  for  combustion.  The  stoker  is  provided  with  a  coal 
guard,  which  is  raised,  and  prevents  the  coal  from  sliding  or 
avalanching  when  the  dumping  grate  is  dropped  to  discharge 
clinker  and  ash.  On  resetting  the  dumping  grates,  the  guard  is 
dropped  to  normal  position.     (Figure  2). 
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The  processes  of  combustion  take  place  as  follows : — 
The  fuel  having  been  introduced  into  the  hopper  at  the  front  of 
the  boiler,  either  by  hand  or  by  coal-handling  machinery,  is  forced 
onto  the  inclined  grates  by  the  platen  or  pusher.  The  coal  then  passes 
through  an  opening  in  the  front  of  the  boiler  and  directly  back  of  the 
hopper,  under  a  fire-brick  coking  arch  which  extends  across  the  boiler. 
Here  the  fuel  is  distilled,  giving  off  its  volatile  matter  and  becoming 
thoroughly  coked.  It  next  passes  onto  the  inclined  grates,  and  is 
alternately  stepped  up  and  inclined  downward  by  the  fuel  plates  in 
its  passage  over  the  grates  to  the  dumping  grates,  w^here  it  is  sup- 
posedly reduced  to  a  mixture  of  coke,  ash,  clinker,  and  inert  matter. 
The  principal  advantages  of  the  Roney  stoker  are : — 
I. — Its  commercial  flexibility;  that  is,  the  ability  to  meet  sudden 
changes  in  commercial  loads  such  as  occur  in  electric-light  and  power 
and  railroad  work,  for  it  can  be  quickly  fired  and  the  fire  can  be  sliced 
and  stirred  by  hand  when  necessary. 


FIG.    2.      COAL    GUARD    DUMP    PLATE^    LATEST    FORM    OF    RONEY    STOKER. 

The  "ghost"  view  shows  the  fuel  plate  in  dumping  position,   with  guard  raised  to 

prevent   fuel   avalanching. 
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2. — The  dumping  grates  are  placed  at  the  rear  of  the  furnace  in 
front  of  the  bridge  wall,  and  can  be  operated  without  interfering 
with  the  action  of  the  stoker  or  the  boiler. 

3. — The  entire  fuel  bed  is  visible  from  the  under  side  of  the  grate. 

4. — On  account  of  having  two  adjustments  for  feeding,  the  opera- 
tion is  easy  for  the  ordinary  fireman  to  understand. 

5. — This  stoker  has  the  advantage  of  natural  draft  and  is  able  to 
respond  quickly  by  breaking  up  the  fire. 

Its  principal  disadvantages  are : — 

I. — With  non-caking  coal,  the  fuel  bed  is  broken  up  or  cracked 
parallel  to  the  grate  bars  every  time  the  grates  are  stepped  up,  thus 
allowing  the  cold  air  to  run  through  with  the  consequent  chilling  of 
the  gases  resulting  in  smoke  and  decreased  efficiency. 

2. — With  the  coal  running  high  in  sulphur  (or  iron  pyrites)  form- 
ing a  slagging  clinker,  sloughing  away  of  the  grate  bars  and  fuel 
plates  cannot  be  prevented. 

3. — With  a  stoker  of  this  type,  using  moving  grate  bars,  loss  of 
fine  fuel  by  filtration  through  the  grates  cannot  be  prevented,  con- 
sequently the  ash  runs  high  in  combustible  matter. 

4. — The  stoker  consists  of  numerous  moving  parts,  some  of  which 
are  subjected  to  the  heat  of  the  furnace  either  by  direct  contact  or 
by  radiation,  and  this  of  course  means  rapid  deterioration. 

5. — Owing  to  the  fact  that  it  is  operated  under  natural  draft,  the 
stoker  is  unable  to  meet  very  excessive  overloads  which  are  some- 
times demanded  in  railroad,  electric-light,  and  power  work  and  which 
can  be  obtained  with  forced  draft. 

6. — In  the  ordinary  electric-light  and  power  plant,  as  well  as  in 
the  electric-railroad  plant,  the  cost  of  maintenance  is  high  on  account 
of  the  rapid  changes  in  load  and  method  of  operation. 

y. — It  is  necessary  to  maintain  an  ignition  and  coking  arch. 

The  latest  type  of  Roney  stoker,  with  its  new  finger-bar  grates 
(See  cut)  is  said  to  have  eliminated  many  of  the  difficulties  men- 
tioned, such  as  sifting  the  fuel,  cracking  of  the  fire,  and  producing 
smoke.  This  improvement,  successfully  appHed  in  several  large 
plants,  has  increased  the  value  of  this  stoker  considerably.  (Figues  3 
and  4).  If  properly  baffled,  this  stoker  can  be  operated  from  50  to  lOO 
per  cent  capacity  without  smoke,  on  coals  running  fairly  high  in 
volatile  matter,  but  above  this  it  cannot  be  run  without  objectionable 
smoke,  except  by  the  careful  operation  of  expert  firemen. 

The  Murphy  stoker  has  been  chosen  as  an  example  of  the 
V-shaped  overfeed  type,  first,  because  it  is  the  oldest  American  stoker ; 
second,  because,  in  my  opinion,  it  is  the  most  typical. 
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FIG.    3.       GRATI-:    BEAKER,    NEW    MODEL    HONEY    STOKER. 

The  Murphy  automatic  smokeless  furnace,  as  it  is  termed  by  its 
manufacturers,  consists  of  two  incHned  grates  arranged  in  the  form 
of  a  V,  the  plane  of  the  grates  being  perpendicular  to  the  boiler  front. 
(See  Figure  5).  At  the  top  of  these  grates,  extending  from  front 
to  rear,  are  the  coal  magazines.  In  the  bottom  of  each  magazine  is 
the  pusher  or  platen,  operated  by  segmental  gear,  shafts  and  racks, 
which  are  driven  by  connecting  rods  and  links  from  the  prime  mover. 
The  grates  are  made  in  pairs,  one  fixed,  the  other  movable.  The 
movable  grates,  hinged  at  the  upper  ends,  are  moved  by  a  rocker 
bar  at  their  lower  ends  alternately  above  and  below  the  stationary 
grates.  The  stationary  grates  rest  upon  the  grate  bearer,  which  also 
contains  the  clinker  grinder.  The  grate  bearer  contains  a  pipe 
which  receives  exhaust  steam  from  the  stoker  engine ;  this  steam, 
escaping  through  small  openings  at  regular  intervals  on  either  side 
of  the  clinker  grinder  and  lower  ends  of  the  grates,  softens  the 


FIG,   4.      RONEY   STOKER  GRATE   BEARER   AND  REMOVABLE  FINGER   BARS. 
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clinker.  The  clinker  grinder  is  also  cast  hollow,  and  is  connected 
by  a  two-inch  pipe  to  the  flue.  Cold  air  circulating  through  it  pre- 
vents its  destruction  by  heat  (Figure  6).  Over  the  coking  plate  is 
the  arch  plate,  from  which  a  fire-brick  coking  arch  is  sprung  over 
the  entire  furnace.  This  arch  plate  is  in  the  form  of  a  grate,  the 
segments  of  which  form  a  series  of  air  ducts  immediately  over  the 
coking  plate.  The  stoker  is  operated  by  a  small  automatic  engine 
geared  to  a  reciprocating  bar  which  extends  across  the  entire  fur- 
nace front  and  to  which  are  connected  the  links  that  operate  the 
moving  parts.     (Figures  7  and  8). 

In  operation,  the  coal  leaves  the  coal  magazine  and  rests  upon  the 
coking  arch  for  a  certain  period  of  time,  this  time  interval  depending 
upon  the  number  of  revolutions  that  the  platen  shaft  is  making.  The 
volatile  matter  is  driven  of¥  and  mixed  with  preheated  air  from  the 
ducts  in  the  coking  arch.  The  coal,  having  been  coked,  then  travels 
down  the  inclined  grates  to  the  clinker  grinder,  receiving  the  air  nec- 
essary for  complete  combustion  through  the  grates.  The  refuse  is 
then  ground  up  and  automatically  discharged  into  the  ash  hoppers. 
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FIG.     5.       MURPHY    FURNACE    ADAPTED    TO    WICKES    VERTICAL    BOILER. 

The  principal  advantages  of  the  Murphy  stoker  are : — 

I. — The  coal  is  thoroughly  coked  and  the  distilled  hydrocarbons 

are  mixed  with  a  correct  amount  of  preheated  air,   insuring  good 

combustion  and  very  little,  if  any,  smoke. 

2. — The  stoker  and  the  rate  of  feeding  are  always  under  control 
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and  the  clinker  grinder  can  be  rcfjulated  according  to  the  amount  of 
ash  in  the  coal. 

3. — The  clinker  grinders  and  fires  and  the  ash-pit  below  are 
readily  accessible  while  the  stoker  is  in  operation. 

4. — Numerous  poke  holes  are  provided  in  the  front,  and  any  of 
the  moving-  parts  can  be  operated  by  hand  if  necessary  while  the 
stoker  is  in  operation. 

5. — The  fires  can  be  readily  dumped  and  banked. 
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FIG.   6.       BUILT-UP  GRATE  BEARER  AND  SECTIONAL   TAPERED  CLINKER  BAR, 

MURPHY    STOKER. 

Some  of  the  disadvantages  are : — 

I. — The  inability  to  adapt  it  to  a  water-tube  boiler  with  ordinary 
column  spacing. 

2. — The  difficulty  of  getting  an  even  distribution  of  the  coal  over 
the  fire,  from  front  to  rear,  when  the  magazine  is  fed  by  a  gravity 
downtake  under  a  low  head.  This  trouble  is  really  no  fault  of  the 
stoker's  and  is  merely  poor  plant  design. 

3. — The  sticking,  breaking  ofif  of  fingers,  and  clogging  up  of  the 
clinker  grinder,  when  a  coal  is  used  which  runs  high  in  iron  oxide 
and  low  in  silicates,  forming  a  low-melting,  sticky  clinker.  With 
their  new  built-up  grate  bearer  and  sectional  tapered  clinker  bar 
assembly,  most  of  the  above  trouble  can  be  prevented.  This  new 
clinker  grinder  is  a  decided  improvement  and  materially  reduces  the 
cost  of  maintenance.  If  the  coal  runs  high  in  sulphur,  corrosion  of 
the  grates  and  clinker  grinder  can  be  expected. 
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FIC.     7.       MURPHY    STOKERS,    BOILER    HOUSE    NO.     I,    UNITED    ELECTRIC    LIGHT    CO., 

SPRINGFIELD,    MASS. 
Four   300   horsc-powcr  ar.d   ten   400   horse-power   Hazelton   boilers. 

4. — The  liability  of  coking  plate  and  coal  magazine  to  burn.  This 
fourth  difficulty,  however,  is  not  apt  to  appear  unless  the  stoker  is 
carelessly  handled,  as  the  air  for  combustion  blows  the  gases  away 
from  the  ducts  and  magazines  and  no  back-firing  should  occur  when 
everything  is  operating  properly. 

5. — The  sifting  of  fine  coal  through  the  grates. 

The  economy  of  operation  of  this  stoker  is  high  on  account  of  the 
ability  to  coke  the  coal  thoroughly  and  mix  the  products  of  combus- 
tion with  finely  divided  streams  of  preheated  air,  and  therefore  to 
maintain  a  high  temperature.  Furthermore,  the  per  cent  of  com- 
bustible matter  in  the  ash  is  low  when  the  clinker  grinder  is  properly 
adjusted  for  speed  according  to  the  per  cent  of  ash  in  the  coal,  and  is 
operating  satisfactorily. 

The  first  underfeed  stoker  commercially  practicable  was  the  Jones. 
Engineers  are  of  the  opinion,  or  are  rapidly  changing  to  the  opinion, 
that  the  only  really  scientific  method  of  burning  coal  under  a  steam 
boiler  with  maximum  economy  is  by  the  underfeed  method. 

The  external  parts  of  the  ''Jones"  stoker  consist  essentially  of  a 
ram  case,  steam  cylinder,  and  coal  hopper.    This  external  mechanism 
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occupies  a  floor  space  of  about  4  feet  8j/^  inches  by  16  inches  in 
front  of  the  boiler.  The  ram  case  is  bolted  to  the  retort  at  the  junc- 
tion with  the  boiler  front  and  contains  the  ram  or  plunger  by  which 
the  fuel  is  forced  into  the  furnace  upon  its  descent  from  the  hopper. 
The  actuating  mechanism  is  a  steam  cylinder,  the  piston  movement 
of  which  is  regulated  by  an  automatic  attachment.  The  attachment 
is  placed  on  a  stand  in  close  proximity  to  the  stokers  it  controls.  The 
rotary  valves  admitting  the  steam  to  the  cylinders  are  placed  on  this 
stand.  The  valves  are  driven  by  being  belt-connected  to  the  forced- 
draft  blower  furnishing  the  air  for  combustion,  which  blower  is 
driven  by  an   independent  engine  or  motor — as  tlie  case  may  be — 


FIG.  8.       MARKET  STREET  STATION,  NEW  ORLEANS  RAILWAY   &  LIGHT  CO. 
Thirty-six   Murphy   stokers   with    twelve   900   horse-power   B.    &   W.    boilers. 
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FIG.  9.      JONES    STOKER. 
Under-Feed   Stoker   Company   of   America. 


the  Speed  of  the  engine 
or  motor  being  regulated 
by  means  of  a  regulating 
valve  or  a  steam-actuated 
controling  device. 

As  steam  rises  or 
falls,  the  regulating 
valve  or  controlling  de- 
vice closes  or  opens  the 
valve  admitting  steam  to 
the  engine.  Thus  the 
speed  of  the  engine  or 
motor  is  decreased  or 
increased  automatically, 
eftecting  a  proper  pro- 
portionment  of  the  fuel 
and  air  supply.  The  parts  inside  the  furnace  consist  of  a  retort  or 
fuel  magazine  with  tuyere  blocks  and  auxiliary  ram  or  plunger.  The 
tuyeres  are  hollow  cast-iron  blocks  weighing  about  25  pounds  each, 
and  are  designed  as  the  medium  for  the  air  distribution  for  the  fuel 
bed.  They  are  secured  to  the  retort  by  a  rod  running  through  eyes 
cast  in  the  tuyere  blocks. 

The  method  of  operation  is  radically  different  from  the  over- 
feed stokers.  Coal  is  introduced  into  the  hopper,  either  by  hand 
or  by  a  gravity  system,  where  it  is  forced  by  the  ram  into  the  retort. 
The  ram,  as  stated  before,  is  steam-operated  and  controlled  by  one 
of  the  aforementioned  devices.  The  ram,  at  each  forward  impulse, 
carries  about  15  to  20  pounds  of  coal  into  the  retort,  where  it  is 
pushed  up  and  carried  along  by  the  auxiliary  ram,  thus  insuring  an 
even  distribution  of  the  fuel.  The  efifect  of  the  auxiliary  rams  is  to 
break  up  the  entire  fuel  bed  and  to  give  the  coal  an  upward  and  back- 
ward movement,  thus  forcing  the  clinker  and  non-combustible  matter 
to  the  dead  plates  on  either  side  of  the  retorts,  whence  it  is  removed 
at  regular  intervals.  The  length  of  time  for  cleaning,  usually  six  to 
eight  hours,  is  entirely  dependent  on  the  character  of  the  coal  and 
the  rate  of  combustion.  The  stoker  has  to  be  cleaned  and  the  fires 
pulled  by  hand,  as  there  are  no  dumping  plates  or  automatic  dumping 
devices  on  this  stoker.  The  method  of  handling  and  cleaning  the 
fires  is  the  same  as  with  hand-fired  non-dumping  furnaces. 

The  underfeed  stoker  must  of  necessity  be  operated  by  forced 
draft.  Air  for  combustion  is  obtained  by  a  volume  blower,  driven 
either  by  an  engine,  turbine,  line  shafting,  or  by  an  electric  motor, 
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ana  is  delivered  to  the  wind  box  under  the  furnace.  There  is  a  dis- 
tinct advantage  in  using  forced  draft  for  combustion  purposes.  The 
air  is  preheated  in  its  passage  under  tlie  furnace  and  through  the 
tuyeres,  thus  creating  the  most  favorable  conditions  for  effecting 
perfect  combustion.  Moreover,  the  operator  has  at  his  command 
the  essential  elements  of  economic  and  smokeless  combustion  by  not 
being  dependent  upon  natural  draft,  with  its  uncertainties  due  to 
atmospheric  conditions,  and  by  being  able  to  get  a  uniform  pressure 
and  an  absolute  control  of  the  volume  and  pressure  of  the  air. 


FIG.    10,      COLE    AUTOMATIC    ATTACHMENT    TO    JONES    STOKER. 

The  reason  stoker  operation  by  the  underfeed  principle  is  smoke- 
less is  that  the  fuel  bed  consists  of  three  strata.  The  green  coal  forms 
the  first  or  lower  layer ;  the  coal  immediately  above,  in  process  of 
coking,  forms  the  second  layer,  and  the  third  is  the  zone  of  complete 
combustion,  composed  of  incandescent  coke.  Necessarily,  then,  the 
distilled  gases  from  the  green  coal  must  pass  through  the  incandescent 
fuel,  and  in  so  doing  they  meet  the  air  for  combustion  just  above  the 
first  layer,  thereby  forming  a  thorough  mixture  which  is  at  once 
consumed  in  passing  through  the  fires  above.  In  other  words,  the 
gases  which  are  ordinarily  so  ready  to  form  smoke  are  mixed  with 
just  the  right  amount  of  preheated  air  at  the  ignition  temperature. 
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FIG.    II.       JONES    STOKERS    IN    BOILER   ROOM    OF   BOCA    STATION,    GATE,    BUENOS    AIRES. 
Under-Feed   Stoker   Company   of  America. 

The  manufacturers  of  this  stoker  have  collected  figures  from 
numerous  tests,  conducted  for  the  purpose  of  determining  the  cost  of 
operation,  and  they  state  that  the  cost  of  operating  the  stoker  and 
forced  draft  mechanism  ranges  from  ^  to  i^  per  cent  of  the  saving 
effected. 

The  main  advantages  of  this  stoker  are : — 

I. — Simplicity  of  construction,  which  means  quick  installation. 

2. — Adaptability  to  practically  all  commercial  types  of  boilers. 

3. — No  moving  parts  in  the  fire,  and  consequently  low  mainte- 
nance cost  of  parts  in  furnace. 

4. — Absence  of  coking  arch  or  special  fire-brick  combustion  and 
coking  devices. 

5. — Ability  to  respond  quickly  to  capacity  demand  from  a  banked 
condition,  on  account  of  thick  fuel  bed  maintained. 

6. — Accessibility  under  all  conditions  of  operation. 

7. — Absolute  control  of  admission  of  fuel  and  air  to  the  furnace 
at  a  fixed  ratio,  which  means  ability  to  govern  capacity  at  will,  and  to 
insure  economic  and  smokeless  combustion. 

8. — If  operated  properly,  reduction  of  percentage  of  combustible 
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matter  in  the  refuse  to  a  minimum,  as  the  fuel  cannot  escape  until 
it  is  consumed. 

Some  of  the  disadvantages  of  this  stoker  are : — 

I. — The  necessity  of  installing  and  maintaining  forced-draft 
mechanism  (which  is  true  for  any  underfeed  stoker)  and  of  dupli- 
cating the  auxiliary  apparatus  to  insure  against  breakdowns. 

2. — Necessity  of  installing  and  maintaining  steam  and  exhaust 
piping  for  the  rams,  with  the  consequent  liability  of  leakage  and 
breakage. 

3. — The  liability  of  the  tuyere  blocks  to  crack  and  burn  out, 
though  these  are  practically  the  only  parts  in  the  stoker  that  can 
do  so. 

4. — The  necessity  of  using  a  certain  amount  of  floor  space  in  front 
of  the  boiler. 

5. — The  necessity  of  operating  the  rams  against  a  head  of  fuel. 

6. — During  the  cleaning  of  the  fires  the  draft  has  to  De  shut  off 
and  the  process  of  combustion  stopped  until  the  fires  are  cleaned  and 
the  boiler  is  swung  into  line  again.  Several  improvements  in  this 
respect,  however,  are  now  being  considered. 


FIG.    12.       JONES    STOKERS^   FIRE    HOLD  OF   DREDGE     F.    J.    SIMMONS,   CHICACiO. 


FIGS.    13    AND    14.      JONES    AUTOMAJI^    STOKER    INSTALLATIONS. 

Above,  plant  of  Central  Heating  Co.,  Detroit;  north  side  of  boiler  room.     Below,  Commerce 

St.    Station,   Milwaukee   Electric   Railway  &   I  ight   Co.      The   Under-Feed 

Stoker    Co.    of    America. 
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The  very  latest  type  of  underfeed  stoker  is  the  Taylor  Gravity 

Underfeed   Stoker,  manufactured   by   the   American  Ship   Wmdlass 
Co.,  of  Providence,  R.  I. 


FIG.    15.     GENERAL    PERSPECTIVE    VIEW    OF    THE    TAYLOR    STOKER, 

As  may  be  seen  from  the  cuts  (Figures  16  and  17),  this  stoker 
is  a  combination  of  the  inclined  and  gravity  under-feed  principles, 
and  consists  of  an  inclined  bed  for  fuel,  made  up  of  perforated 
tuyeres,  which  are  hollow  rectangular  (cast-iron)  plates,  laid  up  in 
steps.  The  lower  tuyeres  rest  on  a  rectangular  wind  box  which  is 
connected  to  the  forced-draft  ducts.  Between  each  two  rows  of 
tuyeres  are  two  cylindrical  trunk  pistons  or  rams,  the  upper  ram 
taking  the  coal  from  the  hopper,  and  the  lower  one  feeding  only  the 
coal  and  partially  consumed  combustible  matter  and  coke  delivered 
from  the  upper  ram.  These  two  rams  move  in  unison,  the  upper  one 
being  operated  by  a  crank  shaft  in  front  of  the  boiler,  which  derives 
its  motion  from  a  double-reduction  screw  and  worm-gear  enclosed  in 
an  oil-tight  gear  box  in  front  of  the  boiler,  bolted  to  the  ram  casings. 
The  speed  worm  is  driven  by  the  prime  mover,  which  usually  is  the 
blower  engine.  There  is  a  clutch  between  the  speed  worm  and  the 
sprocket  wheel.  In  order  to  obviate  any  trouble  due  to  an  obstruc- 
tion being  introduced  into  the  hopper,  shear  pins  are  inserted  between 
the  sprocket  and  the  clutch.  These  pins  are  large  enough  to  transmit 
the  power  necessary  to  operate  the  stoker,  but  will  shear  when  more 
power  is  exerted.  The  lower  ram  is  connected  to  the  connecting 
rod  of  the  upper  ram  in  such  a  way  that  the  travel  is  ordinarily  2  to  3 
inches,  depending,  of  course,  upon  the  varying  ash  conditions.  The 
travel  of  the  upper  ram  is  fixed  at  about  12  inches.  At  the  base  of 
the  wind  box  is  hinged  the  sectional  dumping  plate  which  is  operated 
by  levers  and  locks  from  the  boiler  front.     These  plates  are  unper- 
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forated,  since  combustion  is  supposed  to  have  been  completed  by  the 
time  it  is  necessary  to  clean  fires  or  dump  the  refuse. 

The  operation  of  the  stoker  is  as  follows: 

Coal  is  fed  into  the  hoppers,  either  by  hand  or  by  a  gravity  sys- 
tem, from  whence  it  is  carried  into  the  combustion  chamber  by  the 
several  rams  and  is  pushed  forward  and  downward  by  the  upper 
rams.  Here  the  distilled  gases  meet  highly  heated  air  which  is 
projected  horizontally  into  the  furnace.  The  result  is  that  the 
gases  are  intimately  mixed  with  just  the  right  amount  of  air 
at  the  proper  temperature,  giving  the  conditions  for  perfect, 
smokeless  combustion.  The  combined  action  of  the  rams  is  to 
break  up  the  fuel  regularly  and  continually,  rendering  it  un- 
necessary to  slice  or  level  the  fire.  The  fireman  merely  has  to 
attend  to  the  dumping  of  the  fires  at  the  end  of  the  stoker  at  regular 
intervals.  These  intervals  depend,  of  course,  upon  the  quality  of 
the  fuel  and  the  rate  of  combustion. 


Dumping  UNKCu  IDE: 
FIG.     l6.       SIDE    ELEVATION    OF    TAYLOR    STOKER,    SHOWING    CONSTRUCTION. 

The  speed  of  the  stoker  or  rate  of  driving  is  controlled  by  means 
of  a  chronometer  valve  in  the  blower-engine  steam  pipe,  the  valve 
being  connected  to  the  damper  regulator.  The  damper  in  the  main 
flue  having  been  disconnected  from  the  damper  regulator,  is  locked 
wide  open,  and  the  regulator  is  connected  to  the  chronometer  valve ; 
therefore,  as  the  steam  rises  or  falls,  the  chronometer  valve  controls 
the  speed  of  the  blower  engine  accordingly,  and  since  the  stoker  is 
driven  by  the  blower  engine,  the  speed  of  the  stoker  is  regulated 
simultaneously  with  that  of  the  blower  engine.  Hence,  the  relation 
of  the  coal  and  air  used  is  the  same  at  all  rates  of  combustion.  Ordi- 
narily, the  stoker  crank  shaft  makes  about  30  revolutions  per  hour. 
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This  stoker  uses  no  combustion  or  coking  arch  for  smoke  pre- 
vention, and  yet  it  is  practically  smokeless  for  almost  any  range  of 
capacity.  This  is  due  to  the  fact  that  the  distilled  gases  and  volatile 
hydrocarbons  must  pass  through  a  zone  of  incandescent  fuel  where 
they  are  entirely  consumed,  being  previously  mixed  with  the  proper 
proportion  of  preheated  air. 


i 

2zzzzzzzzzzzzzzzZi 


lit!2^M^M 


.SHWAY 


JAIRlilUCTi 


//>>}i>}}>\j  f , 


rLDDRLINE. 

:v,.', '..'.,„  ,  /,'//////, 


FIG.     17.      TAYLOR    STOKER    APPLIED    TO    STERLING    BOILER. 

The  principal  advantages  of  this  stoker  are : — 

I. — High  efficiency  over  entire  range  of  operation. 

2. — Smokeless  combustion  over  wide  load  range. 

3. — Maximum  possible  capacity  that  can  be  obtained  from  the 
boiler;  70  pounds  of  coal  per  square  foot  of  grate  surface  is  not 
beyond  the  limit  of  economic  operation. 

4. — Entire  absence  of  coking  arch  or  special  fire-brick  combustion 
and  coking  devices. 

5. — Ability  to  respond  quickly  to  capacity  demand  from  a  banked 
condition,  on  account  of  the  thick  fuel  bed  maintained. 

6. — No  moving  parts  subjected  to  the  heat  of  the  fire,  the  boiler 
fronts  never  being  more  than  comfortably  warm. 

^  7. — Low  operating  and  maintenance  cost  on  account  of  simplicity 
of  construction  and  slow  speed  of  moving  parts. 

8. — Saving  in  power  for  operating  the  stoker.     The  boiler  men- 
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FIGS.     18    AND     19.       INSTALLATIONS    OF    TAYLOR    STOKERS. 

Above,  the  Phillipdale  Paper  Mill;  250  horse-power  water-tube  boilers,  with  auxiliary  storage 

hoppers.     Below,  the  Oxfo-d  Paper  Co.  power  plant,  comprising  7,875  horse-power. 
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tioned  in  the  test  required  approximately  2^-5  horse  power  to  drive 
it  over  the  entire  load  range. 

9. — Reduction  to  a  minimum  of  the  per  cent  of  combustible  matter 
in  the  refuse. 

Some  of  the  disadvantages  of  this  stoker  are : — 

I. — Initial  investment  on  installation.  To  partially  balance  this, 
the  saving  in  labor,  operating  and  maintenance  cost,  especially  the 
cost  of  maintaining  a  fire  brick  arch,  should  be  credited. 

2. — Necessity  of  using  forced  draft  with  attendant  investment  in 
this  apparatus,  maintenance,  etc.,  and  of  duplication  of  auxiliaries  to 
insure  against  breakdowns. 

3. — Liability  of  dumping  plates  to  burn  out  and  crack,  though  this 
difficulty  is  being  removed  by  the  sectional  dump  plate  devised  as  a 
new  feature  of  this  stoker. 

4. — Burning  out  of  tuyere  plates  and  ram  covers.  This,  however, 
is  practically  all  there,  is  in  this  stoker  to  burn  out  and,  owing  to  the 
method  of  construction,  the  cost  of  replacing  and  maintaining  them 
is  reduced  to  a  minimum. 

5. — The  possibility  of  breakage  in  the  driving  and  moving  parts, 
though  this  difficulty  is  rather  remote  owing  to  low  speed  of  opera- 
tion and  to  the  device  of  using  shear  pins  to  transmit  only  the  neces- 
sary power. 

The  fourth  type  of  automatic  stoker  is  the  chain  grate,  the  ex- 
ample chosen  being  the  Green  chain  grate,  manufactured  by  the 
Green  Engineering  Company,  of  Chicago,  111.  This  stoker  is  essen- 
tially an  endless  chain  of  a  width  equal  to  the  fire-box  and  extending 
from  the  front  of  the  boiler  to  the  bridge  w^all,  the  individual  links 
of  the  chain  being  the  grates.  Special  forms  of  link  are  required  for 
individual  cases.  Coal  is  fed  into  the  hopper  at  the  front  of  the 
boiler  directly  over  the  grate.  The  grate  is  operated  by  an  eccentric 
keyed  to  the  main  driving  shaft,  the  eccentric  in  turn  transmitting 
its  motion  to  a  ratchet  and  ratchet  wheel,  connected  by  a  gear  train 
to  the  main  driving  gear  on  the  chain-grate  shaft.  The  speed  of  the 
chain  grate  is  controlled  by  adjusting  the  throw  of  the  ratchet  arm. 
This  chain  grate  is  mounted  on  a  portable  frame  and  track  in  the 
ash  pit,  which  allows  for  the  expansion  and  also  permits  of  adjusting 
the  clearance  between  the  end  of  the  chain  grate  and  the  bridge  wall, 
depending  upon  the  rate  of  driving  and  the  character  of  the  fuel. 
The  stoker  is  provided  with  a  vertically  movable  gate  at  the  rear  of 
the  coal  hopper  (see  Figure  20),  which  serves  to  scrape  off  the 
layer  of  fuel  to  a  thickness  determined  by  the  height  of  the  grate. 
This  can  be  readily  adjusted  from  the  outside  of  the  stoker  frame 
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FIG.    20.      GREEN    TRAVELING    LINK    GRATE    UNDER    A    BABCOCK    &    WILCOX    BOILER. 

by  means  of  a  worm  and  sector  attached  to  the  transverse  grate  shaft. 
The  gate,  being  suspended  from  lever  arms  on  the  gate  shaft  by 
adjustable  chains,  can  be  set  so  as  to  be  parallel  to  the  grate  surface, 
thus  obtaining  uniformity  of  fuel  depth  across  the  grate.  The  rear 
of  this  gate  is  lined  with  fire-brick  tiles  of  such  special  design  that 
any  of  them  can  be  replaced  while  the  stoker  is  in  operation. 

The  operation  is  as  follows:  The  coal  is  fed,  either  by  hand  or  by 
coal  downtakes,  into  the  hopper,  from  which  it  falls  directly  onto  the 
moving  chain  grate.  The  gate  then  levels  the  fire,  and  as  the  fuel 
travels  under  the  coking  arch  it  ignites  immediately.  The  heat  from 
the  arch  and  from  the  back  of  the  grate  is  sufficient  to  ignite  the  volatile 
hydrocarbons,  which  are  mixed  with  air  as  in  the  ordinary  furnace. 
The  fuel  then  burns  continuously  the  whole  length  of  the  grate  as  it 
moves  forward,  bringing  in  fresh  fuel  at  the  front  and  dumping  the 
refuse  automatically  at  the  back  as  fresh  grate  surface  is  presented. 
The  smokeless  feature  of  this  stoker  is  well  worthy  of  comment,  for 
it  was  this  stoker,  set  under  a  Heine  boiler,  with  a  Dutch  Oven  and 
tile  roof,  that  prompted  Prof.  L,  P.  Breckenridge  to  remark — "that  in 
this  setting,  it  has  been  impossible  to  make  smoke." 

This  stoker  is  ordinarily  set  in  a  Dutch  oven,  the  roof  of  which 
forms  an  ignition  arch  which  is  placed  from  i  to  2  feet  above  the 
grate  surface.    As  the  volatile  matter  is  distilled  from  the  incoming 
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fuel,  it  impinges  upon  the  underside  of  this  arch  during  its  combus- 
tion and  gives  up  heat  thereto.  This  arch  then  becomes  white  hot, 
and  its  reverberatory  action  serves  to  ignite  fresh  fuel.  The  longer 
this  arch  is  made,  the  longer  is  the  travel  of  the  hydrocarbons  in 
contact  with  it,  and  thus  it  aids  complete  combustion  of  the  volatile 
matter  by  prolonging  the  time  in  which  the  hydrocarbons  are  con- 
tained in  the  high  temperature  chamber.  The  special  advantages  of 
this  stoker  are  : — 

I. — Smokeless  combustion  with  coals  running  above  30  per  cent 
in  volatile  matter  over  ranges  of  from  50-140  per  cent  of  rating, 
and  in  some  special  cases  200  per  cent  of  rating. 

2. — On  account  of  the  regularity  in  the  rate  of  feeding  coal  into 
the  fire-box,  the  volatile  matter  is  distilled  off  evenly,  and  owing  to 
the  automatic  discharge  of  the  ash  from  the  furnace  and  the  auto- 
matic self-cleaning  of  the  air  spaces  in  the  grate  surface,  the  neces- 
sity of  dumping  ashes  by  hand  with  consequent  inrush  of  cold  air  is 
entirely  avoided,  and  continuous,  uniform  high  furnace  temperature 
is  maintained  with  the  attendant  result  of  economic  combustion. 

3. — Ability  to  burn,  efficiently,  almost  any  small-size  bituminous 
coal  on  the  market. 


FIG.  21.       GREEN    CHAIN-GRATE    STOKERS,    SHOPS    OF    THE   CHICAGO    &    NORTHWESTERN 

RAILROAD. 
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4. — Ability  to  operate  on  natural  draft. 

^.—Fairly   high   economical   operation   over   comparatively   wide 

range. 

6._Accessibility  to  any  of  the  parts  of  the  stoker  or  furnace  on 
account  of  its  removabilicy  from  the  furnace  chamber. 
Some  of  the  disadvantages  are: — 

i._Necessity  of  installing  a  Dutch  oven  for  vertically  baffled 
boilers,  but  for  such  settings  the  combined  economy  of  the  boiler  and 
furnace  increases  as  the  stokers  are  forced. 

2. — Necessity  of  maintaining  an  ignition  or  coking  arch,  for 
horizontally  baffled  boilers,  the  expense  of  which,  however,  is  no 
greater  than  in  any  other  stoker. 

3. — Liability  of  having  to  shut  down  the  stoker  and  to  pull  the 
boiler  off  the  line  if  anything  happens  to  the  grate  bars  or  grate-bar 
tie  rods,  which  is  more  serious  than  can  be  repaired  while  the  stoker 
is  in  operation.  This  may  happen  if  the  fuel  runs  high  in  iron  oxide 
and  forms  a  pasty  clinker.  Ordinarily  the  stoker  chains  can  be  re- 
paired without  stopping  the  stokers. 

4. — The  stoker  has  moving  parts  such  as  guide  wheels,  track,  rear 
sprocket  wheel,  bearings,  etc.,  in  the  fire-box  or  ash  pit,  where  they 
may  be  either  subjected  to  the  direct  heat  of  the  fire  or  its  radiated 
heat.     Most  of  these  parts,  however,  are  carefully  protected. 

5.— If  the  height  of  the  water  back  is  not  suited  to  the  kind  of 
coal  fired  (which  is  a  nice  question  of  design)  and  unless  the  stoker 
is  carefully  operated,  the  percentage  of  combustible  in  the  refuse  is 
liable  to  be  high,  on  account  of  the  clearance  at  the  back  of  the  stoker 
between  the  bridge  wall  and  the  grate. 

6. — Maintenance  of  the  arch  and  moving  parts  may  make  the 
maintenance  high  in  cost,  but  if  carefully  operated  and  intelligently 
handled,  this  cost  will  not  be  higher  than  for  any  other  stoker  of 
similar  type. 

7. — Unless  carefully  designed,  there  is  liability  of  air  leakage 
between  grate  and  side  walls  and  between  end  of  grate  and  bridge 
walls.  The  radiated  heat  from  side  walls  causes  the  edge  of  the  fire 
to  burn  more  rapidly  than  the  center,  tending  to  increase  this  air 
leakage  toward  the  rear  of  the  furnace. 

8. — Difficulty  of  adjusting  the  speed  of  the  grate  to  the  capacity 
demand  and  the  draft  so  as  to  burn  out  the  coal  efficiently  before  it  is 
dumped  at  the  bridge  wall. 

p. — Sifting  of  fine  coal  through  the  grates. 


METHODS   OF  THE   SANTA   FE.      EFFICIENCY  IN 
THE  MANUFACTURE  OF  TRANSPORTATION. 

By  Charles  Buxton   Going. 

V.     THE  APPRENTICE  SYSTEM,  AND  RELATIONS  WITH  EMPLOYEES. 

The  series  of  which  this  article  is  tlic  liftli  and  last  began  in  our  March  issue.  Preceding 
parts  have  summarized  the  chief  problems  of  the  Santa  Fe  and  their  solution,  the  stores- 
keeping  system  in  its  relations  to  the  mechanical  department  and  the  manufacturing  organ- 
ization in  the  shop,  the  general  outline  of  the  "efficiency  methods,"  and  the  methods  and 
projects  for  the  extension  of  the  bonus  plans  outside  of  the  familiar  field  of  shop  labor,  in 
new  and  original  directions.  Tliis  concluding  paper  details  the  apprenticeship  system  and 
other  characteristic  relations  with  employees. — The  Editors. 

IN  efifect,  the  efficiency  system  for  the  payment  of  labor,  as  prac- 
ticed on  the  Santa  Fe,  is  a  means  of  estabHshing  individual 
contact  with  each  employee.  The  bonus  is  a  direct  participation 
in  the  profits  secured  by  improved  methods — voluntarily  extended, 
voluntarily  received — an  automatic  and  indefeasible  means  by  which 
every  man,  be  he  foreman,  bench-hand,  or  wiper  in  the  roundhouse, 
shares  in  savings  as  surely  as  the  director,  the  bondholder  or  the 
stockholder;  more  surely,  indeed,  for  his  savings  are  not  subject  to 
impairment  by  reason  of  diminished  net  earnings.  The  pre-eminent 
characteristic  is  the  direct  address  to  the  individual,  which  is  not 
dependent  upon  the  favor  or  whim  of  his  immediate  superior  and 
Vvdiich  can  not  be  altered  or  diverted  by  prejudice  or  partiality. 

The  bonus  system  alone,  however,  serves  to  maintain  this  indi- 
vidual relation  with  the  man  only  as  a  producing  unit.  It  is  limited 
in  time  and  in  extent  to  the  working  hours  of  the  day  and  to  the 
working  period  of  the  employee's  life.  The  whole  policy  of  the 
Santa  Fe,  in  its  relations  with  its  men,  is  far  broader  than  this.  It 
begins  with  the  formative  period  preceding  full  employment  as 
mechanic  in  the  shops ;  it  extends  to  many  matters  concerning  physi- 
cal and  mental  well-being  during  employment ;  and  it  follows  retire- 
ment after  the  full  term  of  work  is  completed,  assuring  the  faithful 
and  meritorious  ex-employee  against  want  when  he  is  no  longer  able 
to  render  service  to  the  road. 

The  introduction  to  this  more  than  usually  individual  association 
between  employer  and  employee  begins  with  indenture  to  apprentice- 
ship. This  is  now  the  mode  of  entry  into  the  service  for  about  one- 
half  the  company's  shop  men,  and  the  system  is  rapidly  expanding 
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to  the  point  where  it  will  recruit  the  entire  shop  forces  with  first- 
class,  skilled  mechanics,  trained  in  the  ''Santa  Fe  way."  Apprentice- 
ship, per  se,  is  of  course  not  a  new  institution,  even  in  railway  work. 
Indeed,  in  developing  its  present  methods  to  replace  the  old  hap- 
liazard  apprenticeship  which  had  existed  for  years,  the  present  super- 
visor of  apprentices  of  the  Santa  Fe  made  careful  study  of  the 
improved  methods  already  in  force  on  the  New  York  Central  and 
Pennsylvania  railroads,  in  the  shops  of  the  Westinghouse,  General 
Electric,  and  Baldwin  Locomotive  works,  and  other  leading  cases. 
The  result,  however,  has  been  the  creation  of  distinctive  and  charac- 
teristic institutions  suited  to  the  conditions  and  purposes  of  the  road, 
and  distinguished  by  systematic  instruction  carried  on  continuously 
in  two  phases — on  the  shop  floor,  and  in  shop  schools,  under  regular 
instructors  during  the  whole  four  years  of  apprenticeship,  the  boys 
being  paid  according  to  a  graduated  wage  scale  from  the  very  begin- 
ning of  this  term. 

Apprentices  entering  the  service  must  be  between  i6  and  22  years 
of  age,*  sound,  mentally  and  physically,  (as  proved  by  medical  exam- 
ination by  the  company's  physicians)  and  possessed  of  a  good 
common-school  education  equivalent  to  that  acquired  in  the  sixth 
grade  in  the  Kansas  public  schools.  Preference  is  given  to  sons  of 
Santa  Fe  employees.  Recommendation  of  a  candidate  by  an  instructor 
of  apprentices  is  conclusive  as  to  mental  and  moral  fitness,  and 
applicants  so  presented  need  pass  only  the  physical  tests  as  to  age, 
height,  weight,  and  freedom  from  organic  trouble  or  hereditary  or 
contagious  disease.  If  the  boy  comes  without  recommendation,  he 
is  asked  to  fill  out  a  regular  form  and  is  informally  quizzed  or  talked 
with  to  gauge  his  mental  calibre.  Cigarette  smokers  are  not  employed, 
and  any  apprentice  acquiring  the  habit  is  dismissed. 

Apprentices  work  10  hours  per  day  on  each  working  day  except 
Saturday,  300  full  shop  days  worked  during  regular  shop  hours  con- 
stituting one  year  on  the  four-years  indenture.  Credit  not  exceeding 
two  years  may  be  given  for  prior  work  of  the  same  kind  elsewhere. 
In  case  of  transfer  to  another  shop  of  the  road,  full  credit  for  time 
worked  in  the  first  shop  is  allowed.  During  June,  July  and  August 
apprentices  work  but  5  hours  on  Saturday  (at  the  discretion  of  the 
shop  superintendent  or  master  mechanic)  and  are  credited  with  5 
hours  on  the  payroll  and  10  hours  on  the  agreement.  On  Saturdays 
of  the  other  nine  months  of  the  year  they  work  9  hours  and  are 
credited  with  10  hours  on  botli  payroll  and  agreement.  As  night 
work  interferes  with  attendance  at  the  apprentice  schools,  and  de- 

*  In  California  the  upper  age  limit  is  18  years.  / 
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prives  the  apprentice  of  the  benefit  of  the  regular  shop  instruction, 
assignment  of  apprentices  to  regular  night  work  is  forbidden,  and 
their  employment  in  special  emergency  night  work  is  limited  to  a 
maximum  of  six  consecutive  nights.  The  most  interesting  feature 
of  the  system  is  the  careful  provision  made  for  training  the  lads 
thoroughly  and  methodically  under  regularly  assigned  instructors, 
both  in  the  shops  where  they  are  learning'  the  actual  practice  of  their 
trade,  and  in  organized  apprentice  schools  where  they  study  those 
branches  necessary  to  the  thorough  mastery  of  the  subject  which 
should  characterize  a  good  journeyman. 
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SAMPLE    DRAWING    EXERCISE,    SANTA    FE    INSTRUCTION    COURSE    FOR    APPRENTICES. 

The  school-room  courses,  which  are  obligatory,  are  established  at 
all  the  larger  shops  (eleven  in  number)  and  require  attendance  of  the 
apprentices  2  hours  a  day  2  days  in  the  week.  The  time  spent  in  the 
class-room  is  counted  as  part  of  the  working  day  and  is  paid  for  by 
the  company  just  as  if  the  boy  were  at  work.  In  the  largest  shops 
classes  are  held  morning  and  afternoon,  the  apprentice  force  being 
divided  into  sections ;  in  smaller  shops  the  class-room  hours  are 
adapted  to  local  conditions. 

The  scheme  of  instruction  is  thoroughly  practical.  It  includes 
simple  mechanical  and  free-hand  drawing  and  descriptive  geometry, 
(as,  for  example,  the  developing  of  surfaces  for  boiler  and  tin-shop 
work)  ;  practical  shop  arithmetic  (the  problems  generally  involving 
use  of  the  ordinary  shop  scale  and  extending  to  decimals  and  ratio 
and  proportion)  and  simple  mechanics,  including  the  block  and  pulley, 
lever,  etc.  Everything  is  specialized  to  the  prospective  employment 
in  the  mechanical  trades,  and  is  designed  to  induce  satisfaction  with 
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A    MORE    ADVANCED    DRAWING    EXERCISE,    SANIW    FE    INSTRUCTION     COURSE    FOR 

APPRENTICES. 

trades  employment.  The  course  for  the  first  two  years  is  uniform 
for  all  apprentices,  but  after  that  it  is  diversified  so  that  apprentices 
in  the  several  callings  may  be  specially  fitted,  each  to  his  own  trade. 
There  are  no  formal  examinations,  but  the  last  sixty  days  of  a  boy's 
time,  and  certain  intermediate  periods  when  he  is  being  transferred 
from  one  machine  to  another,  are  given  to  quizzes  designed  to  show 
how  thoroughly  he  has  assimilated  the  instruction  given  him.  The 
questions  put  are  all  practical  and  directly  pertinent  to  ordinary  work, 
and  are  wholly  free  from  mere  catches  and  tricks.  Apprentices  com- 
pleting their  course  satisfactorily  receive  certificates  signed  by  the 
regular  officials  of  the  company.  The  recognized  standing  of  the 
training  received  under  the  Santa  Fe  system  makes  these  certificates 
valuable  as  recommendations  anywhere.  The  term  of  apprenticeship 
is  not  prolonged  even  if  the  boy  makes  a  poor  appearance  at  this 
examination,  but  his  rate  of  pay  after  he  is  out  of  his  time  is  governed 
by  his  ability  and  knowledge  as  thus  determined.  This  variable  wage 
scale,  instead  of  a  fixed  one  at  the  end  of  the  apprenticeship  period, 
furnishes  an  automatic  discouragement  to  the  careless  and  an  incen- 
tive to  the  faithful  apprentice. 

The  scheme  contemplates,  also,  the  exercise  of  modified  military 
discipline  and  control  over  the  boys,  not  so  much  during  working 
hours  as  on  the  streets  or  in  public  places.  This,  however,  is  exerted 
morally  rather  than  formally.  If  an  apprentice  is  absent  three  days, 
his  instructor  calls  to  make  inquiry,  using  the  company's  time  for  the 
visit  if  it  is  too  far  to  make  in  the  evening. 
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Some  of  these  measures  and  other  features  of  the  system  are  at 
present  tentative,  the  company's  methods  being  so  largely  pioneer 
that  they  must  be  worked  out  without  the  guide  of  precedent  or  of 
experiment  elsewhere.  Informal  meetings  with  the  instructors  are 
appointed  weekly  by  the  supervisor  of  apprentices  for  general  dis- 
cussion of  measures  and  results. 


THK    C  KUTIFICATE    OF    APPRENTICESHIP    PRESENTED    ON    COMPLETION    OF    THE    COURSE 
AT  THE  SANTA  FE  SCHOOLS   AND  SHOPS. 

In  general,  the  policy  is  to  place  an  instructor  over  a  minimum 
class  of  i6  boys.  In  special  cases,  however,  an  instructor  is  installed 
for  only  12  apprentices,  the  instructor  in  such  cases  doing  certain 
technical  work  for  the  master  mechanic  to  fill  out  his  partially  em- 
ployed time.  The  small  shop  having  less  than  12  apprentices  is  a 
problem  of  some  difficulty.  Various  efforts  are  being  made  to  pro- 
vide for  these  cases,  either  by  bringing  the  boys  periodically  to  a 


Sante  Fe  System  Apprenticeship  School.     Sample  Problems. 

1.  An  order  of  bolts  weighs  as  follows :  lo  bolts  45  lbs.  each,  6  bolts  8 
lbs.  each,  15  bolts  2  lbs.  each  and  3  bolts  2  lbs.  each.  What  is  the  total  weight 
of  the  order? 

2.  What  would  be  the  cos<-  of  the  above  order  at  2  cents  a  pound? 

3.  A  freight  train  takes  9  hours  to  go  a  distance  of  153  miles.  What  is 
the  average  speed  per  hour? 

4.  The  distance  around  the  driving  wheel  of  an  engine  is  22  feet.  How 
many  feet  will  it  travel  in  making  6,748,821  turns?  There  are  5,280  feet  in  one 
mile — how  many  times  does  it  turn  in  one  mile  ? 

5.  A  load  of  castings  is  weighed  in  9  lots  as  follows:  175,  457,  842,  961, 
244,  857,  806,  973,  and  200  pounds.     What  is  the  weight  of  the  load? 

6.  Five  steam  engines  consume  respectively  the  following  amounts  of  coal 
per  hour :  365,  783,  634,  579,  and  639  lbs.  What  is  the  total  amount  of  coal 
consumed  each  hour  by  all  the  five  engines  ? 

7.  Conditions  as  above,  how  much  coal  would  be  consumed  by  the  five 
engines  running  night  and  day  for  six  days  ?  What  would  be  the  cost  at 
$1.75  per  ton? 

8.  How  many  pieces  3  inches  long  can  be  cut  from  a  brass  rod  63  inches 
long  if  no  allowance  is  made  for  waste  in  cutting? 

10.  If  7  castings  weigh  as  follows:  626,  729,  630,  87,  7,  189,  and  223 
pounds,  what  is  total  weight? 

11.  K  83  pounds  of  the  above  is  used  for  a  certain  job,  how  many  pounds 
will  remain  ? 

12.  Which  number  is  near  to  633,  212  or  1,100?     How  much? 

13.  If  the  consumption  of  water  one  month  was  15,863,743  gallons,  and 
for  the  following  month    12,678,963  gallons,  what  was  the  decrease? 

14.  From  3,400,678  subtract   1,823,765. 

15.  If  the  cost  of  constructing  362  miles  of  railway  is  $4,561,200,  what  is 
the  cost  per  mile? 

16.  Multiply  346,783  by  27,865. 

17.  Divide  5,9i_i,048  by  2,456. 

18.  What  is  the  average  speed  of  a  train  per  hour  which  takes  8  hours 
to  go  a  distance  of  144  miles? 

192.  Find  the  overall  dimensions  on  a  drawing  made  up  of  the  following 
detail  dimensions:     5.27  inches,  .63  inch,  3.14  inches,  2.375  inches,  and  4.2  inches. 

193.  Find  the  total  weight  of  four  pieces  of  cold  rolled  steel  shafting, 
2  3-16  inches  in  diameter,  weighing  as  follows:  67.62  pounds,  96.18  pounds, 
114.38  pounds,  and  87.12  pounds. 

194.  If  a  cap  screw  is  1.78  inches  long  under  head,  and  the  thread  stops 
.9  inch  from  the  head,  how  much  is  threaded? 

195.  The  following  numbers  represent  in  thousands  of  feet  the  amount 
of  lumber  issued  on  8  requisitions  :  6,865,  24,245,  16,398,  12.28,  18.2,  6,395,  24, 
and  18,967.    What  was  the  total  amount  of  lumber  issued  on  these  requisitions  ? 

196.  The  diameter  at  the  bottom  of  the  threads  of  a  i-inch  thread  is 
.837  inches.     What  is  the  depth  of  the  threads? 

197.  What  would  be  the  inside  diameter  of  a  tire  that  was  turned  for  a 
78-inch  wheel  center,  if  .081  inrh  was  allowed  for  shrinkage? 

198.  The  inside  diameter  of  a  cylinder  is  22.625  inches  before  and  22.875 
after  boring.     How  much  larger  is  the  cylinder  after  boring? 

200.  In  bushing  a  cylinder  30.656  inches  in  diameter  to  fit  a  piston  28.625 
inches  in  diameter.  What  would  be  the  thickness  of  the  bushing  in  inches  if 
the  bushing  is  made  .005  larger  in  diameter  than  the  piston? 

201.  In  pressing  the  above  bushing  into  the  cylinder  it  was  found  to  con- 
tract .02  of  an  inch  inside  diameter.  To  allow  for  the  shrinkage,  what  was 
the  outside  diameter  before  pressing  into  the  cylinder? 

202.  An  apprentice  works  the  following  hours  on  different  jobs:  7.5,  16.3, 
17.9,  20.7,  45.3,  20.6,  50.3,  6.9,  14.5,  and  30.6.     What  is  his  total  time? 

203.  The  time  allowed  on  the  above  was  269.1  hours.  How  many  hours 
did  he  beat  the  schedule? 
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central  point,  by  installing  a  traveling  instructor  to  cover,  say,  three 
shops  for  two  days  a  week  each,  or  by  moving  apprentices  perma- 
nently from  these  local  points  to  larger  central  shops  where  classes 
are  regularly  established.  This  last  course,  however,  is  not  at  all 
approved  by  the  master  mechanics  at  the  minor  points — an  evidence 
of  the  favor  with  which  the  apprenticeship  system  is  regarded  by 
shop  officials  on  the  "system. 

Santa  Fe  System  Apprentice  School.    Some  More  Typical  Problems. 

281.  To  find  what  per  cent  one  number  is  of  another,  divide  the  first 
number  by  the  second,  and  reduce  the  resulting  decimal  (or  mixed  decimal) 
to  per  cent.     (The  divisor  is  usually  the  first  number  following  the  word  "of".) 

A  machinist  was  paid  $17.67  in  addition  to  his  regular  wages  of  $88.40. 
What  per  cent,  of  his  regular  wages  was  given  him  as  bonus?  Solution:  17.68 
-^  88.40  =  .20  =  20  per  cent.     Ans. 

282.  An  apprentice's  standard  time  for  May  was  188.7  hours,  his  actual 
time  225.2  hours.  What  was  his  per  cent,  of  "efficiency"?  That  is,  what  per 
cent,  of  his  actual  time  was  the  standard  time?  Solution:  188.7  "^  225.2  = 
.838-  =  83.8  per  cent.     Ans. 

283.  What  is  the  "efficiency"  of  an  apprentice  whose  standard  time  was 
177  hours  and  whose  actual  time  was  238  hours?  Note. — Divide  the  standard 
time  by  the  actual  time. 

284.  In  May  a  second  year  apprentice  at  Cleburne  accomplished  in  249.7 
hours  an  amount  of  work  for  which  283.8  hours  standard  time  was  allowed. 
What  was  his  per  cent,  of  efficiency? 

285.  For  this  efficiency  the  above  mentioned  apprentice  received  83.7  per 
cent,  of  his  wages  as  bonus.  If  his  ordinary  wages  amounted  to  $39.95,  how 
much  bonus  did  he  receive? 

286.  A  first  year  apprentice  whose  efficiency  was  no  per  cent.,  received 
$21.34  bonus.  What  per  cent,  of  his  ordinary  wages  of  $28.45  was  paid  him 
as  bonus  ? 

287.  If  the  total  weight  of  a  steel  freight  car  when  loaded  is  139,800 
pounds,  and  the  weight  of  the  empty  car  is  39,800  pounds,  what  per  cent,  of 
the  entire  weight  is  the  weight  of  the  empty  car?  What  per  cent,  of  the  total 
weight  is  the  weight  of  the  freight  carried? 

288.  An  axle  originally  weighs  1.038  pounds,  and  loses  6^  per  cent,  when 
turned.     What  is  the  final  weight? 

289.  The  braking  pov^er  (pressure  in  pounds  applied  on  wheels  through 
brake  shoes)  of  freight  cars  is  70  per  cent,  of  the  weight  of  the  cars.  What 
is  the  braking  power  of  a  box  car  weighing  36,700  pounds? 

290.  The  braking  power  of  a  passenger  car  is  90  per  cent,  of  the  weight 
of  the  car.  What  is  the  weight  of  a  baggage  car  having  a  braking  power  of 
52,200  pounds  ? 

291.  Find  the  braking  power  in  pounds  on  a  sleeping  car  weighing  118,400 
pounds,  if  the  braking  power  is  89  per  cent,  of  the  weight  of  the  car. 

292.  If  70  of  the  840  staybolts  on  a  locomotive  are  found  to  be  broken, 
what  per  cent,  are  broken? 

Each  apprentice  is  provided  with  all  necessary  class-room  ma- 
terials free,  and  an  individual  set  of  drawing  instruments  is  assigned 
to  him  at  once  on  entry.  If  any  of  these  are  broken  in  ordinary  fair 
use  they  are  repaired  or  replaced  at  the  company's  expense,  but  if 
by  carelessness  or  willfulness,  at  the  boy's  expense.  At  the  end  of 
his  term  they  become  his  property.  Necessary  tools  for  the  first  six 
months  are  provided,  the  apprentice  being  required  to  turn  them  in 
to  the  shop  instructor  at  the  close  of  each  day.     At  the  end  of  the 
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Tools   Sold  Wood-working  Apprentices. 


No.  11^,  claw  hammer,  V  &  B 

No.  122,  6-inch  ratchet  brace 

Set  Cleveland  wood  bits,  ^  to  ^  in  32ds 

Set  Irwin's  auger  bits 

Set  Witherby  No.  15  bevel  back  chisels.  . , 

Set  No.  320,  socket  gouges 

No.  30,  Yankee  screw  driver , 

No.  12,  screw  driver  bit  54  inch , 

No.  12,  screw  driver  bit  ^  inch 

Clark's  expansive  bit  %  inch  to  3  inches, 

No.    77,    Mortise   gauge 

No.  64^,  Stanley  gauges,  each  20  cents., 

No.  71  ^,  Router 

C.  C.  hand  saw  24-inch  10  pt 

Disston  12-inch  back  saw  No.  4 

3^2  X  6,  Stanley  cabinet  scraper 

Set  of  Victor  nail  sets 

Lily  white  oil  stone  2x1x7 

No.  67,  Universal  spoke  shave 

No.  8,  jointer  plane •  • 

No.  4,  smoothing  plane 

No.  5,  jack  plane 

No.  9J/2,  block  plane 

No.  94,  Bailey  rabbit  plane 

No.  85D,  extension  dividers,  9-inch 

Steel  square  16  in.  x  24  in 

No.  20,  9-inch  try  square 

No.  12,  4-inch  try  square 

No.   18,  bevel  square 


Tools  Sold  Machinist  Apprentices. 

I  No.  79,  4-inch  outside  spring  caliper,  solid  nut 

I  No.  79,  6-inch  outside  spring  caliper,  solid  nut 

I  No.  26,  lo-inch  outside  caliper 

I  No.  73,  4-inch  inside  spring  caliper,  solid  nut. 

I  No.  73,  6-inch  inside  spring  caliper , 

I  No.  27,  lo-inch  inside  caliper 

I  No,  80,  4-inch  spring  outside  thread  caliper 

I  No.  41,  6-inch  Hermaphrodite  caliper 

I  No.  420,  6-inch  scale,  No.  4  graduation  with  hook 

I  No.  II,  combination  square,  12-inch  scale  blade 

I  No.  57B,  Universal  surface  gauge,  12-inch  spindle 

I  No.  4,  screw  pitch  gauge 

I  No.  390,  center  gauge 

I  No.  77,  spring  nut,  6-inch  dividers 

I  No.  59,  Starrett's  trammel  heads 


six-months'  period,  the  apprentice,  having  proved  his  adaptability 
to  his  trade,  is  required  to  buy  the  necessary  hand  tools.  The  char- 
acter and  extent  of  this  equipment  is  indicated  by  the  list  here  repro- 
duced. This  outfit  is  supplied  by  the  company  at  wholesale  prices, 
the  full  set  arranged  in  a  tool  box,  marked  with  the  apprentice's  name 
and  provided  with  lock  and  key.    The  kit  is  inspected  by  the  instructor 
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weekly,  in  order  to  see  if  it  is  in  good  condition,  and  instruction  is 
given  the  boy  how  to  keep  the  tools  in  condition.  He  is  not  allowed 
to  lend  to  any  one  nor  to  borrow  from  anyone  except  on  explicit 
instructions,  nor  to  remove  any  of  the  tools  from  the  shop  without 
written  authority  from  the  instructor.  The  tools  are  of  the  best 
quality,  guaranteed  by  the  seller,  and  if  any  defect  appears  the  tool 
is  replaced  at  once  upon  request  of  the  supervisor  of  apprentices, 
without  question  or  debate.  Payment  is  made  by  the  apprentice  at 
the  rate  of  $1.50  to  $2  a  month,  no  charge  being  added  for  interest 
or  handling,  and  the  installment  payments  being  remitted  by  special 
intervention  of  the  supervisor  of  apprentices  if  the  shops  are  shut 
down  entirely  for  any  length  of  time  and  the  apprentice's  wages  are 
thus  temporarily  cut  off. 


FILING    CABINET     FOR     DRAWING     BOARDS,     BLUE    PRINTS     AND     PROBLEM     SHEETij, 
ALBUQUERQUE  APPRENTICE  SCHOOL. 

The  boys  are  taught  to  cut  their  own  drawing  papers  on  the  small  table  at  the  left. 

Shop  training  for  the  apprentices  presents  more  and  larger  prob- 
lems than  the  class-room  work.  One  reason  for  this  is  the  number 
of  trades  represented — anachinists,  brass  finishers,  boiler  makers, 
blacksmiths,  cabinet  makers  and  coach  carpenters,  tinners  and  cop- 
persmiths, pattern  makers,  painters,  miscellaneous  and  special.  Topeka 
alone  includes  the  entire  list,  but  several  shops  have  apprentices  in 
a  half-dozen  trades  to  be  provided  with  specialized  instruction. 
Another  cause  of  possible  perplexity  in  the  shop  arrangements  is  the 


Number  of  Apprentices   in  Each   Trade  at  Each   Santa   Fe   Shop   Point, 

April  30TH_,  1909. 
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Of  the  461  apprentices,  420  receive  school  as  well  as  shop  instruction.  There  are 
altogether  11  apprentice  schools,  9  school  instructors,  and  15  shop  instructors.  One  school 
instructor  takes  care  of  Newton  and  Arkansas  City,  one  serves  La  Junta,  Raton  and 
Pueblo,  and  at  Richmond  the  same  instructor  oversees  both  school  and  shop  work.  At 
Topeka,  on  the  other  hand,  there  is  a  school  instructor  and  an  assistant  instructor.  The 
other  school  points  shown  have  one  instructor  each.  At  Topeka  there  are  8  shop  instruc- 
tors— two  on  the  machine  floor,  one  for  machinist  apprentices  on  the  erecting  floor,  and  one 
each  in  brass-shop,  boiler-shop,  blacksmith-shop,  cabinet-shop  and  paint-shop.  Shopton, 
Newton,  La  Junta,  Raton,  Albuquerque,  San  Bernardino  and  Cleburne  have  one  shop 
instructor  each.  Schools  will  shortly  be  established  at  Argentine  and  Chanute  under 
one  instructor,  and  at  Clovis  and  San  Marcial 
'  under    another. 
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adjustment  of  relations  between  the  instructor,  who  is  in  charge  of 
and  responsible  for  the  apprentices,  and  the  master  mechanic,  who 
is  in  charge  of  and  responsible  for  the  product  and  efficiency  of  the 
shop.  The  cordial  approval  with  which  master  mechanics  all  along 
the  road  regard  the  apprentice  system,  and  their  active  desire  to 
enlarge  the  enrollment  in  their  own  shops,  bears  sufficient  witness 
to  the  success  with  which  this  last  problem  has  been  solved. 

This  success  is  tlie  more  signal  because  the  line  of  demarcation 
between  these  co-operating  authorities  is  difficult  to  draw  and  some 
diplomacy  is  necessary.  The  policy  desired  is  that  the  foreman  shall 
give  all  work  to  the  instructor,  and  let  him  assign  the  apprentices 
to  do  it;  but  this  is  in  full  force  in  but  few  places.  In  general,  how- 
ever, the  system  is  that  the  foreman  assigns  work  and  the  instructor 
supervises  the  execution.  The  object  of  the  whole  instructorship 
system  is  to  get  away  from  the  old-time  plan,  under  which  a  job 
might  be  given  to  a  boy  without  any  instructions  as  to  how  it  should 
be  done ;  and  however  earnest  the  apprentice,  he  might  spoil  expensive 
work  in  his  w^ll-meaning  ignorance.  The  object,  therefore,  of  en- 
deavoring to  have  the  assignment  of  work  by  the  foreman  passed  to 
the  boy  through  the  instructor,  is  to  insure  against  the  apprentice 
being  confronted  with  the  alternative  of  starting  upon  work  he  does 
not  understand,  or  losing  much  time  waiting  for  his  preceptor  to 
arrive.  If  instructors  have  to  leave  the  floor  they  are  therefore  ex- 
pected to  arrange  with  foremen  or  gang  foremen  to  look  after  the 
boys  temporarily.  Reciprocity  and  harmony  of  action  are  strongly 
encouraged. 

The  order  of  instruction  in  the  use  of  machine  tools  is  standard, 
subject  to  some  adaptation  to  local  conditions.  In  general,  it  pro- 
ceeds in  the  following  order :  baby  drill  press,  heavier  drill  press,  nut 
facer  and  bolt  cutter,  shaper,  small  lathe,  (fitting  frame  and  rod  bolts, 
taper  bolts,  etc.),  heavier  lathe  (fitting  axles,  crank  pins,  bushings), 
boring  mill,  and  planer.  Approximately  three  months  is  spent  on 
each  machine,  but  the  time  necessarily  varies  with  individual  ability 
and  aptitude  of  the  pupil. 

In  order  to  avoid  the  discouragement  which  might  come  to  an 
apprentice  working  beside  skilled  mechanics,  especially  where  dififer- 
ences  in  efficiency  are  emphasized  by  the  bonus  system,  a  higher 
bonus  rate  is  paid  to  apprentices  than  to  journeymen,  50  per  cent 
being  added  to  the  wages  of  first-  and  second-year  apprentices  who 
attain  standard  time,  and  33  1-3  per  cent  to  the  w^ages  of  third-  and 
fourth-year  apprentices.  It  has  been  found  that  the  stimulus  of  this 
bonus,  combined  with  the  careful  oversight  and  instruction  provided, 
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permits  a  very  good  class  of  work  to  be  assigned  to  the  apprentice 
with  Httle  fear  that  valuable  pieces  will  be  spoiled,  and  with  very  fair 
results  in  product  as  compared  with  skilled  mechanics.  During  the 
first  six  months,  of  course,  the  boy  is  not  of  much  value  to  the  com- 
pany; but  during  the  remainder  of  his  term  he  more  than  makes  up. 
Deducting  the  time  spent  in  class-room  instruction,  the  apprentice  in 
the  average  will  accomplish  about  70  per  cent  as  much  work  as  the 
regular  mechanic.  The  average  rate  of  pay  of  an  apprentice  is  $1.35 
and  the  average  cost  of  his  instruction  is  about  22  cents  a  day,  making 
the  daily  cost  to  the  company  $1.57.  Considering  his  output,  he  is  a 
profitable  investment  in  comparison  with  the  full-paid  mechanic  at 
$3.40  to  $3.60. 

When  a  boy  has  completed  his  time  and  entered  the  shops  in 
regular  service,  his  record  is  reported  monthly  for  the  first  six  months 
to  the  supervisor  of  apprentices,  account  being  given  of  what  and 
how  he  is  doing,  or  if  he  has  left,  where  he  went.  About  80  per  cent 
of  all  the  apprentices  remain  in  the  service,  and  of  those  who  leave, 
either  before  or  shortly  after  graduation,  about  50  per  cent  apply  for 
reinstatement  within  one  year  or  less. 

The  discharge  of  an  apprentice  is  considered  a  very  serious  matter 
and  rests  in  the  power  only  of  the  master  mechanic  or  superintendent 
of  shops,  with  the  final  approval  of  the  supervisor  of  apprentices. 
The  attitude  of  the  road  on  the  subject  can  not  be  better  expressed 
than  in  the  words  of  the  master  mechanic  of  one  of  the  largest  shops 
on  the  Coast  Lines.  He  said :  *Tt  is  a  very  serious  thing  to  discharge 
an  apprentice.  You  take  a  boy  of  16  or  18,  keep  him  in  the  railroad 
shops  for  a  couple  of  years,  and  you  have  given  him  a  'set'  that  he 
will  not  easily  lose.  Now,  if  you  throw  him  out  he  is  too  old  to  start 
over  again.  The  chance  is  that  he  will  go  into  rough  work — perhaps 
into  degrading  work.  You  may  have  ruined  his  life.  If  a  boy  hides 
out  or  is  full  of  mischief,  it  often  means  only  that  he  has  qualities 
which  are  good  if  they  are  turned  right.  All  boys  are  boys,  even  in 
railroad  shops.  You  can  generally  work  out  their  character  for  good 
if  you  take  them  right. 

'*I  won't  allow  any  one  to  discharge  a  boy.  He  can  recommend 
the  discharge,  but  I  make  my  own  investigation.  There  are  too  many 
human  weaknesses  and  dislikes  and  favoritisms  among  the  many 
men  in  a  shop  to  allow  them  free  play.  Often  a  boy  will  do  little 
good  for  a  year,  or  for  two  or  three  years,  and  then  in  the  last  of  his 
apprenticeship  he  turns  right  around  and  comes  out  fine.  So  I  am 
very  slow  to  act  unfavorably  on  a  boy's  case  because  he  does  not 
make  a  good  showing  at  the  start." 
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There  is  none  of  the  arrogance  of  the  administration  here,  none 
of  the  pitiless  operation,  as  of  a  machine  moving  in  a  fixed  path  with- 
out swerve  or  stop,  that  is  often  supposed  by  outsiders  to  characterize 
the  conduct  of  the  affairs  of  a  railway.  And  a  few  days  after  the 
conversation  from  which  the  remarks  just  quoted  were  taken,  I  heard 
the  superintendent  of  shops  and  the  supervisor  of  apprentices  in 
earnest  special  conference  over  the  transfer  of  a  sick  subordinate  to 
a  healthful  mountain  post  where  he  could  regain  his  strength  without 
impairing  his  earnings.  The  Santa  Fe  system  encourages  individual 
efficiency;  it  also  leaves  room  for  the  recognition  of  individual  tem- 
perament, the  consideration  of  individual  needs,  and  the  exercise  of 
a  broad  humanity. 

The  personal  relations  of  the  road  with  its  employees  are  gen- 
erally in  the  direction  of  providing  for  removal  of  inconveniences 
directly  caused  by  the  environment  of  the  service  and  beyond  the 
power  of  the  men  to  control.  Whether  or  not  this  is  the  policy 
deliberately  formulated  by  the  road,  I  believe  it  is  sound  and  the 
limitation  is  wise  for  any  industrial  concern.  The  earliest  apparent 
and  most  pervasive  feature  of  the  Santa  Fe  practice  is  cleanliness 
and  attractiveness  in  and  about  the  shops.  Flowers,  grass,  and 
shrubbery  where  they  are  practicable,  whitewash  and  neatly  graded 
cinders  where  gentler  decoration  can  not  be  had,  bring  the  outward 
aspect  of  the  buildings  and  grounds  up  to  the  best  modern  standards. 
Much  effort  is  made,  especially  in  roundhouse  floors  and  pits,  to 
secure  ample  and  quick  drainage  and  to  avoid   slop  and  puddles. 


WASH    ROOM    AND    TOILET    ROOM^    SHOPTON^    IOWA. 
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Lockers,  wash-rooms  and  toilet  facilities  are  generally  ample  and 
well-kept.  The  shops  are  heated  and  ventilated,  and  particular  effort 
is  made  to  improve  the  atmosphere  in  roundhouses,  extending  even 
to  partial  rebuilding  of  the  roofs  of  older,  ill-designed  and  ill- 
ventilated  houses.  Emergency  hospitals,  with  equipment  for  the  care 
of  accident  cases,  are  installed  at  all  important  shops,  and  a  staff 
instructed  in  first-aid  measures  is  maintained  among  the  employees 
and  placed  immediately  in  charge  of  any  injured  workmen. 


SUMMER    AND    WINTER    OUARTERS    EOR    JAPANESE    WORKMEN,    NEEDLES,    CAL. 

Tlie  "summer  quarters"  are  in  the  dug-out  in  the  foreground,  which  is  comfortably  fitted  up 

and  affords   protection  from  the  severe  heat.     The  shade  trees  in 
I  the  rear  help  to  the  same  end. 

Going  a  step  farther,  the  road  recognizes  the  need  of  wholesome 
mental  and  social  occupation  for  men  whose  hours  of  work  are  often 
extraordinary,  sometimes  uncertain,  and  generally  alternating  with 
times  of  unavoidable  waiting  at  points  where  there  is  little  or  no 
sane  and  desirable  recreation.  The  reading-room  system  has  been 
highly  developed  under  its  own  staff'  superintendent,  and  is  repre- 
sented by  some  kind  of  an  establishment  at  every  division  point,  the 
extent  and  refinement  of  the  plant  depending  on  local  conditions  and 
numbers  to  be  served.  At  the  least,  it  includes  a  couple  of  rooms 
with  a  selection  of  books,  broad  tables  for  the  periodicals  and  plenty 
of  chairs  for  readers,  provision  of  the  standard  magazines  and 
weeklies  (both  general  and  technical),  some  important  dailies,  and 
the  local  papers.  Almost  always  there  is  a  piano,  card  and  billiard 
tables,  and  very  frequently  a  bowling  alley ;  a  bath-room  is  the  uni- 
versal adjunct. 
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At  larger  points  a  separate  building  is  provided  with  many  of 
the  functions  of  a  club  house,  and  the  library  assumes  fairly  good 
proportions.  While  the  list  does  not  tolerate  merely  trashy 
books,  it  is  generously  extended  to  suit  the  character  of  the 
patrons.  As  one  admiring  user  put  it :  "The  superintendent 
thinks  it's  better  for  a  man  to  be  reading  even  a  pretty  bad  book  than 
to  be  doing  the  things  he  might  be  doing  if  he  wasn't  reading  any 
book  at  all."  Encouragement  is  given  to  employees  to  submit  lists 
of  books  desired,  suggestions  of  this  kind  receiving  favorable  con- 
sideration by  the  superintendent  of  reading-rooms,  and  opportunities 
are  also  afforded  for  employees  to  accumulate  libraries  of  their  own, 
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EMPLOYEES    READING  ROOM_,  RIl  ii  MUiN  D,   CALIFORNIA.     TYPICAL   EXAMPLE  OF   A    SMALL 

PLANT. 

by  purchase  through  the  reading-room  service  with  the  benefit  of 
trade  advantages  in  price  thus  secured.  Both  reading  and  circulating 
library  privileges  are  absolutely  free ;  it  is  only  necessary  for  the 
reader  to  be  properly  certified  by  his  superior  officer,  and  to  become 
responsible  for  books  lost  or  injured  while  in  his  possession;  for 
billiards  and  bowling  a  trifiing  charge  is  made  to  cover  repairs. 

Another  institution  conducted  under  the  auspices  of  the  reading- 
room  officials,  and  introducing  a  great  deal  of  pleasure  and  interest 
into  the  lives  of  the  men  and  their  families,  is  the  supply  of  entertain- 
ments (musical,  literary  and  dramatic)  during  the  winter  months, 
especially  at  small  stations  where  nothing  of  the  kind  is  offered  by 
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regular  amusement  agencies.  The  quality  of  these  performances  is 
excellent,  and  as  they  are  opened  generously  to  townspeople  as  well 
as  railroad  employees,  they  become  a  valuable  gift  to  the  communi- 
ties reached  by  the  railroad.  Perhaps  only  those  who  have  seen  and 
realized  the  barrenness  and  deadly  starvation  of  interest  in  a  small 
desert  town  can  understand  how  much  a  provision  of  this  sort  can 
mean  for  the  contentment  and  satisfaction  of  those  whose  work  com- 
pels them  to  make  these  towns  their  residence.  And  apa^t  from  the 
direct  result  in  relieving  the  restlessness  and  increasing  the  satisfaction 
of  railroad  employees,  the  Santa  Fe  officials  have  found  a  marked 
indirect  benefit  from  the  institution  of  the  reading-rooms.  This  comes 
from  the  reflex  influence  on  the  men,  who  perhaps  unconsciously  begin 
to  feel  themselves  members  of  a  more  stable  and  intellectually  better 
society,  and  consequently  conduct  themselves  accordingly. 

The  other  institutions  of  the  Santa  Fe  worthy  of  special  examina- 
tion are  the  hospital  service  and  the  pension  system.  Both  of  these 
were  so  thoroughly  explained  in  Mr.  Jacobs'  article  on  "The  Square 
Deal  to  the  Railway  Employee,"  which  appeared  in  the  issue  of  this 
Magazine  for  June,  1907,  that  it  would  be  but  a  repetition  to  describe 
them  at  length  here. 

Briefly,  the  hospital  system  is  supported  by  monthly  contributions 
from  every  employt^e  and  official  of  the  road,  the  sums  ranging  from 
25  cents  to  $1  per  month.  In  return  it  affords  unlimited  care  and 
treatment  in  case  of  injury  or  illness  of  the  employee  or  any  of  his 
family.  The  work  is  carried  on  by  fine  central  and  sufficient  local 
hospitals,  a  large  permanent  medical  staff,  and  several  hundred 
affiliated  phsyicians  and  surgeons  in  the  towns  along  the  road.  It 
includes,  also,  an  ambulance  service  and  a  first-aid  corps  among  the 
shop  men,  regularly  enlisted  and  instructed,  with  emergency  rooms 
properly  equipped  at  all  the  larger  shops. 

Pensions  are  granted  on  retirement  at  the  age  of  65,  after  fifteen 
years  of  service,  or  earlier  if  the  retirement  is  on  account  of  permanent 
incapacity  for  work  arising  from  causes  incident  to  employment. 
The  amount  granted  is  determined  by  salary  and  length  of  service, 
with  a  minimum  of  $20  and  a  maximum  of  $75  a  month.  These 
pensions  are  provided  wholly  at  the  expense  of  the  company,  no  sub- 
scription to  the  fund  being  required  from  employees. 

In  conjunction  with  the  measures  that  have  just  been  explained, 
these  institutions  complete  a  cycle  of  provisions  covering  practically 
the  entire  period  of  life  during  which  a  man  might  be  in  responsible 
associations  with  the  road.  The  apprentice  courses  prepare  him  for 
his  trade,  the  bonus  system  enables  him  to  make  an  amply  good  living 
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INTERIOR   VIEW    OF    SMALL    EMERGENCY    HOSPITAL^    FOR    FIRST    AID,    SAN    BERNARDINO. 

while  he  is  at  work,  the  reading  and  recreation  rooms  furnish 
him  healthful  and  pleasant  diversion  during  his  hours  of  leisure,  the 
hospital  and  medical  service  takes  care  of  him  while  he  is  ill  or  suffer- 
ing from  injury,  and  the  pension  provides  for  him  when  he  is  super- 
annuated. 

This  article  closes  the  review  of  the  principal  methods  by  which 
the  ''manufacture  of  transportation"  on  the  Santa  Fe  is  distinguished. 
While  the  spirit  of  what  is  usually  known  as  ''welfare  work"  appears 
most  strongly  in  the  reading-room,  hospital,  and  pension  systems,  the 
apprentice  training  and  the  efficiency  and  bonus  methods  of  dealing 
with  wage  questions  are  more  characteristically  distinctive.  The 
largest  influence  upon  economic  progress  at  large  is  exerted  by  the 
bonus  plans.  This  effect  is  only  beginning  to  be  reflected  in  the 
financial  reports  of  the  Santa  Fe,  which  have  recently  attracted  so 
much  attention.  As  yet  the  application  is  limited  (as  these  articles 
have  been)  to  the  '^manufacture  of  transportation"  so  far  as  that  lies 
within  the  province  of  the  Alechanical  Department.  The  extension 
of  similar  ideals  and  agencies  to  the  conduct  of  transportation  and 
traffic  would  open,  not  only  to  the  Santa  Fe  but  to  the  railways  of 
the  United  States  at  large,  vast  opportunities  for  financial  betterment 
and  for  release  from  present  difficulties — opportunities  that  are  almost 
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MASIEK    AiLCHANlCS     OFFICE,    SAN    BERNARDINO^    SHOWING    INTRODUCTION    OF    PARK 

SYSTEM. 
The  fire  house  is  next  to  the  office,  and  the  emergency  hospital  shows  on  the  extreme  right. 

incalculable  in  extent.  The  particular  functions  of  the  transportation 
department  touch  the  public  directly  and  are  most  conspicuous  in  the 
public  eye.  Low  efficiency  here  (in  some  of  its  most  subtle  forms) 
is  largely  responsible  for  the  popular  irritation  against  railways  and 
against  their  management,  which  has  found  expression  in  much 
punitive  and  injurious  legislation.  Efficiency  methods,  given  free 
play  in  the  transportation  field,  would  bring  in  a  new  era  under  which 
a  very  large  fraction  of  the  present  problems  of  the  railways — fiscal, 
physical,  and  political — would  disappear. 

The  change  is  not  easy  nor  smooth  to  make.  No  upheaval  of  a 
long-established  order  and  organization  can  be  free  from  friction, 
from  misunderstandings,  or  from  hardship  on  individuals.  A  railroad 
organization  is  inherently  an  assemblage  of  strong  and  positive  men, 
unready  to  yield  their  settled  convictions  easily  to  every  preaching  of 
a  new  philosophy.  The  efficiency  system  minimizes  that  human  or 
personal  element  which  is  iiiost  likely  to  arouse  animosity  during  the 
introduction  and  oversight  of  the  requisite  changes  of  procedure ;  it 
substitutes  the  impersonal,  but  inflexible,  testimony  and  report  of 
times,  costs,  and  results.  The  merit  by  which  it  must  eventually 
convince  even  the  most  hesitant,  the  most  reluctant,  the  most  resistant, 
is  that  by  its  organic  operation  it  apportions  the  benefits  of  the  change 
so  fairly  that  all  those  who  co-operate  must  profit  by  the  improve- 
ments, each  one  naturally  and  indefeasibly  according  to  his  own 
proper  share. 


THE  CHOICE  OF  HEATING  EQUIPMENT  FOR 
MANUFACTURING  PLANTS. 

By  G.  W.  Stanton. 

THE  purpose  of  this  article  is  to  describe  in  general  the  various 
types  of  heating  systems,  and  to  define  the  situations  in  which 
each  should  or  should  not  be  used.  Only  such  systems  as  are 
applicable  to  large  installations  will  be  considered,  as  the  ordinary 
appliances  usually  installed  in  residences,  apartment  houses,  and  the 
smaller  classes  of  building  depend  more  upon  the  resources  of  the 
owner  than  upon  capability  of  economical  operation. 

It  is  unfortunate  that  the  economical  side  of  the  selection  and 
design  of  heating  apparatus  has  not  been  given  greater  thought  and 
study,  but  the  prevalent  idea  is  that  so  long  as  it  is  possible  to  use  the 
exhaust  steam  from  an  engine  in  a  heating  system,  further  economy 
is  impossible ;  and  if  that  condition  is  fulfilled,  then  the  only  thing 
that  remains  is  to  install  the  system  that  costs  the  least,  regardless  of 
what  the  operating  cost  may  be. 

When  a  large  manufacturing  plant  is  to  be  built,  the  architects  and 
engineers  give  a  great  deal  of  study  to  the  general  arrangement  of 
the  buildings  so  that  the  manufacturing  processes  shall  be  in  se- 
quence ;  that  the  buildings  shall  be  adapted  to  their  respective  uses ; 
that  there  shall  be  plenty  of  light ;  and  they  study  the  arrangement  of 
the  machinery  from  the  cranes  to  the  smallest  machine  tool.  Before 
the  boilers,  engines  and  auxiliaries  are  finally  selected  and  bought, 
the  various  types  are  carefully  examined;  apparatus  purchased  must 
be  guaranteed  as  to  efficiency — in  short,  everything  is  provided  and 
done  that  is  necessary  to  a  complete  and  economical  plant ;  that  is, 
all  except  the  heating  system.  For  that  no  special  knowledge  is 
thought  necessary,  the  general  idea  being  that  if  the  engines  are  non- 
condensing,  then  so  long  as  the  exhaust  steam  is  utilized  in  the  heat- 
ing system  and  the  buildings  are  heated  to  a  sufficient  degree  of  tem- 
perature during  the  coldest  weather  that  occurs  in  that  particular 
locality,  the  contract  should  be  given  to  the  lowest  bidder,  it  being 
considered  immaterial  in  general  whether  the  system  be  an  ordinary 
low-pressure  steam,  a  vacuum  system,  a  hot-blast,  or  a  forced  circula- 
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tion  hot-water,  regardless  of  the  fact  that  only  one  type  of  system  ii- 
best  adapted  to  any  particular  case. 

In  office  and  business  buildings,  municipal  buildings  and  court 
houses,  schools,  libraries,  hospitals,  and  hotels,  the  conditions  com- 
plained of  do  not  prevail  to  the  same  extent  as  in  industrial  plants, 
where  often  the  power  load  is  in  excess  of  the  heating  load,  and  where 
other  factors  often  combine  to  make  the  problem  a  difficult  one,  and 
one  demanding  a  high  class  of  engineering.  And  this  is  the  main 
reason  for  which  this  article  is  written — to  call  attention  to  the  fact 
that  in  the  proper  selection  and  design  of  the  heating  system,  or  the 
remodeling  of  an  old  one,  economies  can  be  effected  that  will  often 
bring  a  reduction  in  operating  expense  much  greater  than  the  increase 
in  the  efficiency  of  the  power-generating  plant,  important  as  that  is. 

Another  factor  that  has  much  to  do  with  the  selection  and  design 
of  the  heating  system  is  the  deplorable  tendency  of  some  engineers  to 
become  so  dominated  by  the  idea  of  their  own  ability  that  they  can  see 
no  good  in  any  design  except  their  own,  and  they  think  that  to 
recommend  any  design  or  system  but  their  own  would  be  a  reflec- 
tion upon  their  ability  as  designers,  regardless  of  the  fact  that  often 
the  engineer  of  the  concern  submitting  the  alternate  scheme  is  a 
specialist,  and  has  a  far  greater  experience  and  knowledge  of  the  re- 
quirements and  of  details.  Then  there  is  the  other  case  where  an 
engineer  or  architect  is  biased  and  becomes  wedded  to  some  particular 
system,  specifying  that  system  to  the  exclusion  of  all  others,  irre- 
spective of  whether  it  is  or  is  not  the  most  economical  and  best 
adapted  for  that  particular  plant. 

Considering  single  buildings  where  the  heating  load  is  the  main 
factor,  as  in  schools,  libraries,  hospitals,  office  buiMIngs  and  small 
factories,  the  system  to  be  Installed — and  the  one  that  usually  Is — is 
that  using  low-pressure  steam.  In  this  type  of  system,  exhaust  steam 
is  used  with  a  back  pressure  on  the  engines  varying  according  to  how 
well  the  system  Is  designed,  and  the  deficiency  In  the  exhaust  steam 
is  supplemented  by  live  steam  delivered  through  a  pressure-reducing 
valve.  Such  a  system,  if  well  designed  with  mains  of  ample  size 
proportioned  so  as  to  provide  a  perfect  circulation  throughout  the 
entire  system  with  one-pound  pressure,  and  to  heat  the  building  in 
very  coldest  weather  with  not  more  than  five-pounds  pressure,  gives 
good  results  wath  a  smaller  first  cost  than  any  other  type  of  system. 
Of  course,  there  is  the  same  fault  with  this  system  as  with  every 
other  type  of  steam  system — that  of  heat  regulation,  which  is  Im- 
possible except  by  the  addition  of  temperature-regulation  apparatus ; 
but  this,  as  It  relates  IQ>  fuel  economy,  w^Ill  be  taken  up  later. 
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Where  there  is  more  than  one  building,  and  the  buildings  are 
widely  separated,  the  low-pressure  steam  system  is  not  adapted  to 
the  conditions,  if  true  economy  and  first  cost  be  considered;  because 
if  it  is  desired  to  keep  the  back  pressure  on  the  engine  within  reason- 
able limits,  then  the  heating  mains  must  be  made  very  large.  On  the 
other  hand,  if  the  mains  are  not  properly  proportioned  for  load, 
friction,  and  condensation  losses,  and  are  made  too  small,  the  back 
pressure  on  the  engine  is  increased,  with  a  consequent  reduction  in 
power  and  an  increase  in  steam  consumption. 

It  is  claimed  by  some  that  the  addition  of  a  few  pounds  back 
pressure  makes  no  difference  whatsoever  in  the  coal  pile,  as  all  the 
exhaust  steam  would  be  used  anyway  in  the  heating  system.  This  is 
wrong,  for  in  very  few  plants  is  the  maximum  power  load  less  than 
or  equal  to  the  minimum  heating  load,  and  only  such  a  condition 
would  give  an  adequate  excuse  for  installing  such  a  plant.  In  either 
case  it  is  bad  designing,  and  such  a  system  is  not  adapted  to  the  con- 
ditions and  should  not  be  considered. 

There  are  many  types  of  vacuum  systems — so  many  that  it  is  hard 
even  for  heating  engineers  to  keep  informed  of  all — and  of  these 
there  are  but  two  types  that  are  generally  used.  One  type  does  noth- 
ing but  remove  the  air  from  the  radiators  through  a  system  of  air 
pipes,  they  in  turn  being  connected  to  a  vacuum  pump  or  an  ejector. 
This  system  is  usually  installed  in  office  and  public  buildings  and 
can  be  added  to  a  heating  system  without  making  any  changes  to 
the  piping  in  general.  Its  advantages  consist  of  the  removal  of  the 
air  from  the  radiators,  thus  increasing  their  efficiency;  the  reduction 
in  sizes  of  the  piping;  and  the  reduction  of  the  back-pressure  on  the 
engines  because  of  the  vacuum  in  the  system. 

In  a  well  designed  low-pressure  steam-heating  plant  the  addition 
of  such  a  system  is  really  unnecessary,  especially  if  the  automatic  air 
valves  are  connected  to  air  lines  which  are  connected  together  and  dis- 
charged into  a  sink  or  tank  in  the  basement,  thus  doing  away  with 
unpleasant  odors  and  escape  of  steam  and  water  from  leaky  air 
valves.  With  such  a  steam  system,  the  vacuum  system  just  described 
would  pay  but  very  little,  if  any,  interest  on  the  additional  investment, 
the  first  cost  equalling  the  saving  in  the  installation  due  to  the  reduc- 
tion in  pipe  sizes  and  in  radiation ;  but  the  system  undoubtedly  works 
very  well  and  gives  satisfaction,  and  it  could  be  installed  in  many 
heating  systems  with  profit  to  the  owner  and  comfort  to  the  occupants. 

The  other  type  of  vacuum  system  is  that  in  which  vacuum  valves 
are  placed  on  the  return  or  condensation  ends  of  the  radiators  or  coils, 
bottom  of  risers,  and  wherever  it  is  necessary  to  drain  the  suppl) 
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main,  and  these  valves  are  connected  to  the  return  mains  which  are  in 
turn  connected  to  a  vacuum  pump.  This  pump  handles  all  the  con- 
densation and  places  a  vacuum  on  the  whole  system,  and  therefore 
this  mode  of  installation  is  especially  adapted  to  large  plants  where 
otherwise  there  would  be  unduly  large  steam  mains.  This  system  is 
also  of  value  in  the  remodeling  of  old  steam-heating  systems,  where, 
through  improper  design  or  growth  by  piecemeal,  the  piping  is  too 
small,  thus  necessitating  the  use  of  live  steam  at  a  high  pressure  to 
force  a  circulation.  Under  such  conditions  it  makes  a  good  showing 
in  economy  and  justifies  its  use.  Large  economy  is  claimed  for  this 
system  because  of  the  vacuum ;  unfortunately  the  vacuum  is  at  the 
wrong  end — at  the  vacuum  pump  and  not  at  the  engine ;  but  while 
undoubtedly  in  theory  it  ought  to  be  more  economical  than  a  low- 
pressure  steam,  in  practice  leaky  vacuum  valves  often  nullify  all  the 
advantages  claimed  for  it.  This  can  be  obviated  only  by  the  buyer 
making  the  contractor  installing  the  system  guarantee  that  the  system 
will  operate  without  the  use  of  a  water  jet  in  the  main  return  at  the 
■^^acuum  pump;  such  a  jet  condenses  steam  that  is  being  drawn 
through  leaky  vacuum  valves,  and  if  the  power  load  is  too  small  and 
there  is  not  sufficient  exhaust  steam,  live  steam  is  drawn  from  the 
boilers  through  the  pressure-reducing  T^alve  with  a  consequent  waste 
of  fuel.  This  system  is  of  greatest  value  in  the  remodeling  and 
improving  of  old  or  badly  designed  heating  plants,  in  large  installa- 
tions, and  where  steam  is  necessary  for  other  purposes  and,  therefore, 
the  one  set  of  mains  can  serve  both  purposes. 

This  last  feature  has  often  been  the  deciding  point  in  favor  of 
steam  systems  over  other  types,  and  has  been  made  much  of— 
entirely  too  much,  in  my  opinion.  If  the  system  of  heating  is  one 
using  high-pressure  steam  with  boiler  pressure  in  the  mains,  then  it 
certainly  is  advisable  to  take  connections  to  the  various  apparatus 
from  these  mains,  placing  reducing  valves  where  necessary.  If,  how- 
ever, it  is  a  low-pressure  system,  then  it  is  advisable  to  have  a  sepa- 
rate high-  or  reduced-pressure  system  for  supplying  steam  to  such 
apparatus  as  is  in  use  every  day  the  whole  year  round,  independent 
of  the  heating  system,  and  to  allow  for  the  raismg  and  lowering  of 
the  pressure  according  to  needs ;  the  result  will  be  a  saving  of  the  con- 
densation due  to  OA^er-large  mains  during  the  time  the  heating  system 
is  not  in  use,  and  a  simplification  of  the  mechanical  equipment. 

Where  ventilation  is  required,  it  is  necessary  to  use  some  form  of 
hot-blast  or  fan  system.  An  installation  under  this  system  usually 
consists  of  a  fan  (driven  by  engine  or  motor),  heater  coils,  and  the 
necessary  air-distributing  ducts,  which  are  constructed  either  of  gaU 
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vanized  iron  or  of  brick  or  concrete.  This  type  of  installation  is 
generally  found  where  ventilation  is  a  prime  consideration — ti;at  is, 
in  buildings  such  as  round-houses,  factories  or  mills  employing  many 
operatives,  hospitals,  schools,  public  buildings,  banks,  etc. 

The  advantages  of  this  system  are  the  concentration  of  the  heat- 
ing apparatus  at  one  point,  the  elimination  of  all  piping  throughout 
the  building,  the  ventilation  that  is  afforded,  and  low  first  cost  of 
installation.  The  advantage  of  ventilation,  however,  disappears 
when  the  air  is  recirculated  over  and  over  again,  and  the  system  can 
then  be  considered  only  as  a  mode  of  heating  simply. 

The  disadvantages  are  that  it  is  necessary  to  operate  the  fans  as 
long  as  heat  is  required  (which  is  often  day  and  night  in  cold 
weather),  that  power  is  used  for  driving  the  fans,  and  sometimes 
that  the  ducts  must  be  of  large  size.  The  claim  is  advanced  that  if 
engines  are  used  to  drive  the  fans,  and  the  exhaust  steam  is  turned 
into  the  heater  coils,  the  operation  of  the  fans  entails  no  extra  cost 
for  power  and  adds  nothing  to  the  running  expenses  of  the  plant  un- 
der this  account.  This  is  true  only  where  the  heating  load  is  the 
main  factor;  if,  as  in  most  manufacturing  plants,  there  is  already 
an  abundance  of  exhaust  steam  for  heating  purposes,  then  the  advisa- 
bility of  installing  this  system  depends  wholly  on  the  weight  of  the 
advantages  mentioned  above,  for  the  cost  of  operation  would  be 
greater  than  that  of  any  other  system.  In  other  words,  as  much 
steam  will  be  needed  for  heating,  and  to  this  will  be  added  the  steam 
for  the  operation  of  the  fan  engine  and  the  ventilation.  Ifthereisbut 
one  building,  and  that  of  moderate  size,  the  power  used  by  the  fan 
will  not  exceed  that  required  by  other  systems  for  vacuum  or  circu- 
lating pumps;  but  if  the  plant  be  a  large  one  requiring  many  fan 
units,  the  power  needed  for  the  operation  of  these  must  be  taken 
mto  consideration,  for  it  will  be  an  addition  to  the  ordinary  load  upon 
the  central-station  apparatus.  Furthermore,  (except  where  there  is 
no  exhaust  steam,  or  but  little  in  proportion  to  the  heating  load)  it 
is  generally  preferable  to  operate  the  fans  by  motors  rather  than  by 
individual  engines  of  large  relative  steam  consumption. 

In  all  buildings  in  which  ventilation  is  actually  required,  such  as 
schools,  hospitals,  etc.,  the  method  adopted  by  many  progressive  engi- 
neers is  to  have  the  ventilating  system  entirely  independent  of  the 
heating  system.  That  is,  in  the  rooms  is  placed  sufficient  direct  radia- 
tion to  take  care  of  the  heat  losses  through  the  windows  and  exposed 
walls  and  a  certain  amount  of  air  leakage,  the  air  for  ventilation  being 
delivered  into  the  rooms  at  70  degrees  and  in  such  (juantity  as  is 
required  by  the  number  of  occupants,  and  the  purposes  for  which  thg 
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I  com  is  used.  By  this  method  the  temperature  of  the  room  can  be 
regulated  to  any  degree  desired ;  and  further,  in  schools  and  buildings 
of  similar  class  which  are  not  occupied  except  for  a  few  hours  daily, 
the  fan  can  be  stopped  and  power  saved,  and  sufficient  heat  be  mam- 
tained  by  the  direct  radiation  to  keep  the  building  comfortable. 

Another  type  of  heating  system  that  is  gaining  in  favor  as  its  ad- 
vantages are  becoming  better  known  is  hot-water  heating  by  forced 
circulation.  By  this  is  meant  a  system  of  hot-water  heating  in  which 
a  circulation  is  induced  by  means  of  a  pump  placed  in  the  circuit  of 
the  mains,  the  water  being  heated  by  either  exhaust  or  live  steam,  or 
both.  The  advantages  claimed  for  this  system  are  economy  in  steam 
consumption,  ease  of  control,  the  maintenance  of  a  constant  tempera- 
ture in  the  building  irrespective  of  the  outside  temperature,  and  the 
ability  to  run  the  mams  anywhere  regardless  of  grades,  thereby  per- 
mitting the  location  of  the  power  house  at  a  desirable  location.  This 
IS  often  impossible  with  a  steam  system  unless  ptimps  or  other  devices 
are  mstalled  to  return  the  condensation  if  it  is  desired  to  save  it,  or 
unless  expensive  tunnels  are  built. 

The  disadvantages  of  this  system  are  that  it  is  necessary  to  have 
an  independent  steam  system  if  steam  is  required  for  other  purposes 
(but  as  before  stated,  in  my  mind  this  is  a  wise  provision  and  one 
that  conduces  to  economy  in  operation)  ;  that  it  requires  a  greater 
amount  of  heating  surface  than  a  steam  system,  and  a  consequent 
greater  first  cost ;  that  it  requires  greater  engineering  ability  or  knowl- 
edge in  design,  (this  fact  may  be  disputed,  but  I  know  from  personal 
experience  that  a  great  deal  of  the  prejudice  against  this  system  has 
been  caused  by  the  knowledge  of  the  unsuccessful  operation  of  poorly 
designed  hot- water  systems)  ;  and  that  it  demands  mpre  careful  and 
better  installation  than  the  usual  type  of  steam  system,  to  prevent 
leaks  and  consequent  damage. 

It  also  uses  power  for  the  operation  of  the  circulating  pumps, 
but  in  this  it  is  on  a  par  with  vacuum  systems  and  (except  in  small 
installations)  smaller  in  its  demands  than  hot-blast  systems. 

Owing  to  the  circulation  being  forced,  the  pipe  sizes  can  be  very 
much  smaller  than  in  any  type  of  steam  system;  where  the  mains  are 
long  this  is  a  distinct  advantage.  The  radiation  required  is  usually 
12  per  cent  in  excess  of  that  required  for  vacuum  steam  systems,  and 
20  per  cent  above  that  of  gravity  low-pressure  steam  systems. 

One  of  the  great  advantages  of  this  system — and  one  that  deserves 
consideration — is  the  ability  to  control  the  temperature  in  the  build- 
ings at  the  power  house,  besides  the  individual  control  of  the  radia- 
tors or  coils.    That  this  means  much  will  be  conceded  when  one  con- 
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aiders  the  great  variation  in  temperatures  to  which  residents  in  the 
climate  of  Eastern  North  America  are  subjected  to.  In  New  York 
City,  for  example,  the  temperature  during  the  heating  season  ranges 
from  zero  to  50  degrees  and  even  higher.  As  sufficient  radiation  must 
be  installed  to  heat  the  rooms  to  70  degrees  in  zero  weather,  and  as 
the  average  temperature  for  the  heating  season  in  New  York  City  is 
approximately  35  degrees,  therefore  with  a  steam  system  100  per  cent 
more  capacity  must  be  provided  for  heating  than  is  normally  required. 
Of  course,  if  proper  attention  could  be  given  to  a  steam  system  and 
the  radiation  were  shut  off  when  the  tem.perature  gets  above  70 
degrees,  this  excess  use  would  not  occur ;  but  unfortunately  this  close 
attention  is  rarely  given  where  there  are  a  great  number  of  radiators 
or  coils,  and  besides  it  is  so  much  easier  to  open  a  window  and  let 
the  surplus  heat  escape,  and  this  is  what  is  usually  done. 

In  the  better  class  of  buildings,  thermostatic  valves  are  installed 
on  the  heat  sources,  and  these  regulate  the  temperature  of  the  room.s 
by  regulating  the  supply  of  steam  to  the  radiators ;  but  as  such  de- 
vices are  an  expense  to  install  and  expensive  and  troublesome  to 
maintain,  their  installation  has  been  confined  generally  to  the  better 
classes  of  schools,  office  buildings,  hotels  and  public  buildings,  and 
where  first  cost  is  not  the  only  consideration. 

It  may  be  asserted  that  it  is  possible  to  obtain  a  degree  of  regula- 
tion with  steam  by  varying  the  pressure ;  but  the  best  results  obtain- 
able by  such  a  method  depend  on  the  use  of  high-pressure  steam  direct 
from  the  boiler,  and  even  then  it  is  not  advisable  to  use  a  greater 
pressure  than  30  pounds  in  cast-iron  radiators.  This  would  give  an 
increase  in  the  temperature  of  the  steam  from  212  degrees  to  274 
degrees,  and  if  exhaust  steam  is  used,  would  involve  the  increase  of 
the  back  pressure  on  the  engines,  which  is  certainly  inadvisable  un- 
less the  engine  be  small  or  the  engine  load  light. 

The  hot-water  system  is  especially  applicable  to  the  heating  of 
many  widely  separated  buildings  supplied  from  a  central  power  plant, 
and  where  ventilation  is  required  the  fans  are  driven  by  motors.  If 
hot  water  is  required  for  lavatory,  domestic,  or  other  purposes,  that 
would  have  to  be  furnished  by  a  central  hot-water  lavatory  system, 
the  water  for  this  system  and  also  for  the  heating  system  being 
heated  by  the  exhaust  steam  from  the  power  units  and  all  apparatus 
centralized  in  the  power  house. 

This  mode  of  heating  has  been  installed  to  operate  in  connec- 
tion with  cohdensing  engines  and  turbines,  the  vacuum  on  the  engines 
or  turbines  being  reduced  or  increased  to  correspond  to  the  outdoor 
temperatures.     For  instance : 
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Temperature  outdoors.     Degrees.  Vacuum  in  inches  at  engine. 

0  o 

10  10 

20  i6 

30  20 

40  24 

50  •  ■  26  ^ 

From  the  reports  of  the  U.  S.  Weather  Bureau*  the  following 

table  was  compiled,  giving  the  number  of  hours  of  different  degrees 

of  temperature  during  a  ten-hour  working  day  and  on  Sundays  and 

holidays  during  an  entire  heating  season  of  200  days. 


Outdoor 

Hours  of  heating, 

Hours  of 

heating, 

Total  hours 

temperature. 

degrees. 

o-io 

working 

days. 

5 

nights,  Sundays 
and  holidays. 
63 

per 

season, 

68 

10-20 

95 

220 

315 

20-30 
30-40 

320 
465 

675 
1,124 

995 
1,589 

40-50 
50-60 

400 
260 

920 
270 

1,320 
530 

1,545  ^  Z^p2  4,817 

The  time  of  heating  per  working  day  is  based  on  ten  hours  per 

day  during  which  exhaust  steam  is  available ;  during  the  remainder  of 

the  time  live  steam  would  have  to  be  used. 

Where  it  is  possible  to  operate  the  engines  condensing,  such  a 
combination  is  certainly  most  attractive  and  offers  great  possibilities 
in  saving  of  coal  through  the  reduction  of  steam  consumption  of  the 
engines  during  the  day,  in  the  saving  of  live  steam,  when  exhaust 
steam  is  not  available,  by  using  only  just  enough  live  steam  to  main- 
tain the  actual  temperature  required. 

Where  turbines  are  installed  this  system  is  especially  the  one  to  be 
installed,  for  as  is  well-known  the  turbine  is  economically  advan- 
tageous only  when  operated  under  a  vacuum.  To  operate  a  turbine 
in  conjunction  with  a  steam-heating  system,  placing  2  to  5  pounds 
back  pressure  on  the  turbine,  increases  the  steam  consumption  to  such 
a  point  that  a  compound  reciprocating  engine  is  far  more  economical 
in  operation.  So  the  designer  has  been  in  a  quandary  as  to  whether 
he  should  sacrifice  the  steam  economy  of  the  turbine  or  use  live 
steam  entirely  for  heating. 

While  only  a  general  outline  of  the  engineering  possibilities  of 
this  particular  system'  has  been  touched  on,  yet  enough  has  been  shown 
to  make  manifest  that  it  is  an  engineering  problem  pure  and  simple. 
It  has  received  more  attention  in  this  review  than  has  been  given  to 
other  systems  because  it  is  not  so  well  known  and  has  not  been  so 
thoroughly  discussed. 

*  These  temperatures  and  hours  are  taken  from  the  report  of  the  U.  S.  Weather  Burea^i 
at  Scranton,  Pa.,  and  are  represe  *t^tive  pf  a  large  section  of  the  United  States. 


77//:    CHOICE    Of'    I  Hi.  17  IXC   EQUIPMENT.  573 

In  some  factory  plants,  conditions  are  sucli  that  the  most  econ- 
omical system  to  install — both  as  to  first  cost  and  operation — is  high- 
pressure  steam — that  is,  a  system  using  steam  at  20  to  50-pounds 
pressure.  This  condition  occurs  only  where  the  power  load  greatly 
exceeds  the  heating  load  and  the  engines  are  run  condensing,  and 
where  calculations  show  that  it  would  not  pay  to  place  a  back  picssure 
on  the  engines  and  increase  the  steam  consumption ;  or  that  it  would 
not  be  more  economical  to  run  with  a  high  vacuum  and  use  live  steam 
in  the  heating  system,  varying  the  pressure  by  means  of  the  pressure- 
reducing  valve  to  suit  the  outside  temperature.  If  proper  attention 
is  given  to  such  a  heating  system  and  the  piping  is  designed  to  oper- 
ate with  the  lowest  pressure  to  be  used,  satisfactory  regulation  can 
be  obtained;  for  steam  at  60-pounds  pressure  has  a  temperature  of 
307  degrees  and  at  20-pounds  the  temperature  is  259  degrees,  leaving 
a  considerable  range  between  these  extremes.  With  such  a  system 
it  is  advisable  to  use  coil  surface  only,  as  the  steam  pressure  would 
be  too  high  for  the  ordinary  type  of  cast-iron  radiators. 

In  this  article  I  have  endeavored  to  give  an  outline  of  the  various 
systems  of  heating  in  general  use  and  their  advantages  and  disad- 
vantages as  I  see  them.  I  have  endeavored  to  be  fair  to  each  type, 
but  I  am  sure  that  many  will  disagree  with  the  conclusions.  If, 
however,  this  article  shall  cause  more  attention  and  study  to  be  given 
to  a  generally  neglected  and  overlooked  but  very  important  adjunct 
to  every  power  plant,  and  if  it  leads  to  proper  study  and  considera- 
tion of  all  factors  before  additional  boilers  and  engines  are  added 
when  the  power  plant  becomes  overloaded,  then  I  shall  be  satisfied. 

That  this  phase  of  industrial  engineering  has  been  generally  over- 
looked or  neglected  I  know  from  personal  experience.  For  instance, 
'c  large  manufacturing  plant  in  Massachusetts,  known  the  world  over 
for  the  high  class  of  engineering  and  quality  of  its  product,  bought 
its  power  from  the  local  electric  generating  plant  and  used  live  steam 
entirely  for  heating.  The  condensation  from  the  heating  system 
was  wasted — discharged  into  a  neighboring  canal,  and  for  years  no 
thought  was  given  to  the  enormous  waste.  Some  few  years  ago  the 
heating  system  was  entirely  remodeled  and  made  a  central  station, 
using  the  exhaust  from  an  air  compressor,  hydraulic  pump,  and 
boiler-feed  pump,  all  condensation  being  saved  and  live  steam  used 
only  when  there  was  not  sufficient  exhaust  steam.  The  resultant 
saving  was  between  $8,000  and  $9,000  per  annum,  paying  17  per  cent 
on  the  cost  of  changes.  This  particular  case  was  rather  flagrant,  but 
there  are  many,  even  plants  in  charge  of  trained  engineers. 
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FREIGHT-HANDLING   EQUIPMENT. 

AN    ANALYSIS    OF    MODERN    PRACTICE. 
By  Werner  Broecklin. 

Mr.  Boecklin's  article  is  valuable  as  a  descriptive  record  of  some  of  the  most  interesting 
special  applications  of  mechanical  handling;  but  a  further  and  larger  value  lies  in  his  sug- 
gestions of  great  possible  extensions  in  mechanical  construction  and  the  use  of  machinery, 
by  which  the  economy  of  freight  transportation  may  be  immensely  improved. — The  Editor. 

DIFFERENT  cities  have  solved  the  freight-handhng  problem 
in  various  manners,  each  suited  to  the  conditions  in  an 
individual  case ;  it  is  not  often  possible  to  adapt  the  meth- 
ods used  in  one  place  to  the  requirements  of  another. 

For  example,  St.  Louis  has  a  great  central  terminal  known 
as  Cupples  Station.  This  station  consists  of  a  series  of  large 
buildings  of  the  warehouse  type,  located  in  a  terminal  yard  cover- 
ing a  large  area,  and  having  connection  with  all  trunk  lines  en- 
tering the  city.  Spur  tracks  run  into  the  buildings  and  freight  is 
unloaded  and  delivered  to  the  consignees'  floor  by  hydraulic  ele- 
vators. In  like  manner  freight  is  re-shipped,  and  all  handling  is 
done  by  employees  of  the  station  whose  wages  are  paid  by  the 
firms  occupying  the  buildings  collectively.  Expensive  trucking 
is  in  this  way  eliminated  and  the  freight  business  is  contracted 
into  the  smallest  possible  space. 

In  Chicago  another  solution  has  been  sought.  Here  the  truck- 
ing service,  instead  of  being  eliminated,  is  transformed  by  the 
construction  of  a  series  of  tunnels  in  which  small  freight  cars 
electrically  operated  transfer  freight  from  point  to  point. 
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New  York's  insular  location  introduces  difficulties  met  with 
in  no  other  city  of  like  importance.  There  are  a  dozen  trunk 
lines  having  terminals  at  New  York's  seaboard.  Of  these  the 
New  York  Central  has  rail  connection  with  its  piers  and  freight 
houses  at  6oth  street,  33d  street,  and  St.  John's  Park,  and  is  the 
only  road  having  such  facilities  on  Manhattan  Island.  The  New 
York,  New  Haven  &  Hartford  operates  a  terminal  station  on  the 
Harlem  river,  in  the  Bronx,  and  the  Baltimore  &  Ohio  has  a  large 
freight  terminal  yard  at  St.  George,  Staten  Island.  With  these 
exceptions  the  great  trunk  lines  receive  and  ship  freight  at  their 
terminal  yards  located  along  the  New  Jersey  shore.  Facilities 
must  be  provided  at  these  points  for  receiving  and  holding  from 
400  to  2,000  cars,  for  unloading  and  forwarding  of  freight,  or  for 
forwarding  cars  with  seals  unbroken.  The  methods  employed 
to  accomplish  the  distribution  of  the  thousands  of  tons  of  freight 
entering  and  leaving  the  port  daily  constitute  a  special  line  of 
industrial  activity  which  may  be  classed  under  the  generic  name 
"Local  Freight  Transportation." 


STEAM    TUG    WITH     MAST    AND    GAFF    RIG    FOR    HANDLING    FREIGHT. 
A   characteristic    feature   of   New   York's   lighterage   methods. 

Lighterage  facilities  make  possible  the  handling  and  moving 
of  freight  within  the  area  under  consideration.  The  term  ''light- 
erage" was  originally  applied  to  the  transporting  of  goods  from 
vessel  to  shore  by  means  of  small  boats,  and  the  method  was 
resorted  to  where  the  water  was  too  shallow  to  permit  a  landing, 
or  where  no  facilities  existed  for  berthing  a  ship.     In  the  modern 


MAP  SHOWING  NEW  YORK  AND  NEIGHBORING  WATERS,  WITH   SOME  OF  THE  PRINCIPAL 

FREIGHT   TERMINALS. 
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acceptation  of  the  term,  goods  transported  by  means  of  "barges," 
"lighters,"  car  "floats"  or  "tugs"  are  said  to  be  hghtered.  Light- 
erage as  a  business  came  into  existence  in  the  year  1841,  when 
the  New  York  &  Erie  Railroad  opened  from  Piermont  to  Goshen, 
and  freight  was  transported  by  open  barge  in  the  latter  part  of 
that  year.  The  Pennsylvania  Railroad  was  the  first  road  entering 
New  York  to  own  and  operate  its  own  lighterage  equipment. 
The  original  boats  of  this  class  were  sail-rigged,  and  some  of 
these  are  still  actively  employed  alongside  of  the  modern  steam- 
propelled  craft. 


STANDARD  OPEN    BARGE   WITH    HAND-OPERATED   HOISTING  RIG,  AND  COVERED  BARGE  FOR 
GOODS  REQUIRING  PROTECTION  FROM  THE  WEATHER. 

Each  railroad  has  its  Lighterage  or  Marine  Department,  which 
has  to  do  with  all  matters  pertaining  to  the  transportation  of 
freight  by  means  of  its  floating  equipment.  The  New  York  Cen- 
tral operates  254  vessels  in  the  harbor  of  New  York.  Included 
in  the  list  are  21  tugboats;  7  self-propelling  freight  lighters;  35 
power  and  hand-hoisting  barges  with  an  aggregate  carrying  ca- 
pacity of  9,500  tons ;  96  covered  barges  used  for  the  transporta- 
tion of  perishable  freight,  and  having"  an  aggregate  carrying  ca- 
pacity of  24,000  tons ;  38  grain  boats  of  18,720  tons  total  capacity, 
and  45  car  floats  capable  of  moving  544  cars  or  13  freight  trains 
averaging  40  cars  each.  The  Delaware,  Lackawanna  «Sz:  Western 
has  a  lighterage  equipment  of  some  20,000  tons  carrying  capacity, 
exclusive  of  26  car  floats  capable  of  transporting  294  cars.  The 
Erie  has  an  equipment  of  460  vessels,  the  Central  Railroad  of 
New  Jersey  has  one  jf  some  200  vessels. 
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In  addition  to  the  dozen  railroads  using  tugs,  lighters,  bctges, 
etc.,  for  moving  freight  from  one  point  in  the  harbor  to  another, 
there  are  some  thirty  independent  companies  engaged  in  the  light- 
erage business.  All  told,  the  fleet  operating  in  New  York  waters 
is  an  impressive  one,  amounting  to  fully  i,8oo  vessels  of  various 
types.  An  idea  of  the  total  invested  capital  may  be  gained  when 
it  is  stated  that  the  value  of  one  fleet,  that  of  the  New  York  Cen- 
tral, is  close  to  $2,500,000.  In  the  year  1900  this  one  road  light- 
ered 1,250,000  tons  of  merchandise  freight,  59,000,000  bushels  of 
grain,  and  towed  190,000  carloads  of  freight,  equivalent  to  4,750 
trains  of  40  cars  each. 

A  sail  down  the  bay  or  up  the  North  or  East  rivers  on  any 
clear  day  will  convince  the  observer  of  the  diversified  conditions 
existing  in  the  freight-transporting  business  in  Greater  New  York. 


TYPICAL    TUG    FOR    HARBOR    TOWING. 

Such  a  boat,  of  1,200  horse-power,  can  tow  two  of  the  largest  car  floats,  transferring  a 

total  of  43  to  50  cars. 

The  movement  of  freight  via  local  routes  is  accomplished  largely 
through  the  medium  of  steam  tugs.  These  occupy  upon  the 
water  a  position  analogous  to  that  of  a  switch  engine  in  a  freight 
yard,  shunting  floats  or  barges  from  point  to  point  as  the  engine 
moves  cars  from  the  receiving  yard  to  the  unloading  track.  Load- 
ing and  unloading  points  are  lined  along  the  shores  of  the  two 
rivers,  the  upper  bay,  the  Harlem,  and  Kill  Von  Kull,  totaling 
some  770  piers,  of  which  300  are  in  Manhattan,  200  are  in  Brook- 
lyn, 140  are  in  Staten  Island,  and  the  remainder  are  in  Queens 
and  the  Bronx.     Here  are  open  wharves  reaching  out  into  the 
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river,  piers  covered  by  steel  or  wooden  sheds  where  freight  is 
temporarily  stored  and  protected  from  the  elements,  transfer 
bridges  for  passing  cars  from  floats  to  yard  or  vice  versa,  and 
storage  warehouses  where  freight  is  held  for  an  indefinite  length 
of  time. 

Lighters,  barges,  and  other  craft  employed  in  the  carrying 
business  are  equipped  either  with  hand  or  power  hoists,  and  this 
machinery  used  alone  or  in  conjunction  with  mechanical  methods 
on  the  docks  and  piers,  effects  large  economies  of  time  and 
money.  A  few  oiers  are  equipped  with  some  form  of  traveling 
crane.  There  are  serviceable  machines  in  the  case  of  open 
wharves,  being  designed  to  span  their  width  and  to  pass  over  the 


COVERED   PIERS,    1,500   FEET   LONG,   FOR    TRANSFERRING    FREIGHT    FROM    RAILWAY    CARS 

TO  VESSELS. 

car  tracks  laid  along  them.  Using  such  an  equipment,  cars  are 
readily  unloaded,  the  freight  being  hoisted,  trolleyed,  and  trans- 
ported to  the  barge  or  lighter  alongside,  all  the  movements  under 
the  control  of  a  single  operator.  The  Greenville  Terminal  of  the 
Pennsylvania  Railroad  has  three  steeple  gantry  cranes,  having  <\ 
hoisting  capacity  of  lO  tons  and  spanning  five  tracks  on  the  piers. 

The  Central  Railroad  of  New  Jersey  operates  two  smaller  ma- 
chines of  the  gantry  type. 

In  the  case  of  a  consignment  of  four  cars  of  bar  iron,  for 
example,  to  be  delivered  alongside  in  Manhattan  or  Brooklyn, 
while  the  crane  is  unloading  one  car  and  running  down  the  pier 
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TRAVKLING   HOISTS,  CRKENVILLE  PIIIKS   OF  THK   PENNSYLVANIA   RAILWAY. 

Installed  by   the   C.   W.   Hunt   Co.,    for   handling  heavy    freight. 

to  deposit  material  on  deck  of  a  lighter,  the  latter,  being  equipped 
with  power  hoist  and  boom  derrick,  can  be  unloading  the  car 
which  lies  next  to  it.  The  machines  alternating  in  this  manner 
cause  no  interference  and  a  great  saving  in  time  and  labor  is 
secured. 


TRA\KJ.iNi.    C.'viNlKV    CRANE,    CONTROLLING    FOUR    TRACKS. 

A  covered  barge  is  seen  alongside,  loading  with  goods  taken   from  the  car.     The  cars  on  the 

opposite    side    are    being    unloaded. 
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MODERN    STEEL   CAR-FLOAT^    AND   TRANSFER    BRIDGE   FOR    LOADING    IT. 

The  float  has  three  tracks,  holding  23  cars.      In  the  lower  picture  the  transfer  bridge  is  shown 
connected    with    the   barge,    in    position    for    loading    the    cars. 


The  car  float  makes  possible  one  of  the  most  economical 
methods  of  transferring  freight.  There  are  two  types ;  one  carries 
twelve  34-foot  cars  on  two  tracks  with  an  unloading  platform 
between  them;  the  other,  which  is  constructed  entirely  of  steel 
and  is  over  300  feet  in  length,  has  three  tracks  carrying  twenty- 
three  50-ton  cars.  In  the  first  class,  the  cars  are  unloaded  as  they 
stand  upon  the  float,  freight  being  trucked  over  the  platform  to 
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the  dock.  The  second  class  is  used  as  a  connecting  link  for  the 
interchange  of  cars  destined  for  points  beyond  New  York,  or  for 
transfer  of  cars  between  a  rail  terminal  and  one  of  the  many 
interchange  points. 


INTERIOR    OF    A     NEW    YORK    FREIGHT-SHED. 
Tlie   goods,   received   from    steamers,    are    ready   for    removal   by   consignees'    trucks. 

Another  important  factor  in  the  economical  handling  of 
freight  is  the  storage  warehouse.  To  understand  its  function,  let 
us  take  the  case  of  a  local  dry  goods  merchant  receiving  a  con- 
signment of  fabrics.  The  goods,  we  will  say,  amount  to  a  car 
load  and  the  car  is  ticketed  for  a  certain  pier  in  New  York.  The 
car  being  lightered  via  ''float,"  the  goods  are  removed  and  placed 
upon  the  floor  of  the  pier,  whence  they  are  taken  by  the  owner's 
truckmen  and  carted  across  the  city  to  be  stored  until  needed. 
Assuming  that  a  major  part  of  these  goods  are  to  be  reshipped  to 
foreign  points,  this  amount  is  taken  from  the  stock  room,  again 
carted  over  the  city,  delivered  to  the  pier,  lightered,  and  loaded 
on  car  or  steamer  for  destination.  The  rehandling  is  essential ; 
but  how  about  the  trucking?  If  it  were  possible  to  cut  the  cost 
of  trucking  in  any  way,  then  the  cost  to  consumer  would  be  re- 
duced. Failing  in  this,  more  radical  measures  may  be  adopted 
and  trucking  done  away  with  entirely,  by  moving  the  store-room 
down  to  the  water's  edge. 
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STORAGE    WAREHOUSES    ON    THE    NEW    YORK    WATER-FRONT. 

The  warehouses  shown  above  use  electric   hoists   for   handling  tlie   freight.      In  the  haj'  ware- 
house,  below,    each   bay   has    its    hoisting    e(|uii)ment    operated    from   a    line 
shaft    running    the    full    length    of   the    building. 

This  has  been  done  at  a  number  of  points  in  the  harbor,  build- 
ings having  been  constructed  contiguous  to  the  piers  in  which 
merchants  may  lease  space  for  the  storage  of  goods.  The  New 
York  Dock  Co.,  the  Brooklyn  Dock  &  Terminal  Co.,  the  Bush 
Docks,  the   Fulton  Teriuinal,  Jay   Street  Terminal,   the   Harlem 
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Transfer    Co.,    Palmer's    Dock,    and    Wright's    Dock,    a-e    thus 
equipped  for  the  acconimodatic^n  of  local  merchants. 

Terminals  of  this  class  must  of  necessity  be  confined  to  locali- 
ties where  land  values  are  not  prohibitive  and  where  there  is 
opportunity  for  the  storage  of  cars.  Manhattan  Island  offers  no 
such  conditions.  Long  Island,  New  Jersey  and  the  Dronx  being 
the  only  available  sections.  On  the  New  Jersey  shore  are  located 
most  of  the  freight  yards  of  the  great  trunk  lines,  and  the  con- 
struction of  large  terminal  warehouses  with  unloading  piers  and 
all  accessories  would  seriously  interfere  with  the  proper  operation 
of  their  yards.  Hence  it  is  that  the  great  central  distributing 
terminals  are  located  in  Brooklyn  and  in  the  Bronx. 
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BUSH   TERMINAL,   SHOWING  THREE  PIERS. 
Ocean-going    vessels    and    harbor    barges    are    transferring    freight. 


The  Bush  Terminal  Co.  occupies  some  200  acres  of  water-front 
property  in  South  Brooklyn,  where  it  has  built  a  group  of  six 
covered  piers,  each  about  1,500  feet  in  length,  two  float  bridges 
for  the  transfer  of  cars,  a  storage  yard  with  a  capacity  of  1,500 
cars,  123  storage  warehouses,  and  a  power  plant  for  the  genera- 
tion of  light,  heat,  and  power.  Tracks  extend  along  each  pier 
and  connect  with  the  freight  yard  and  warehouses.  The  latter 
are  equipped  with  electric  elevators  and  hoists  to  facilitate  the 
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STORAGE  YARD    ( 1,500   CARS  CAPACITY)    AND   WAREHOUSES,   BUSH    TERMINAL. 

placing  of  stock  in  or  removing  it  from  the  different  floors.  Pro- 
tection from  fire  is  afforded  by  a  complete  fire-fighting  system 
installed  throughout  the  plant. 

Freight  shipped  via  one  of  the  trunk  lines  having  piers  in  New 
Jersey  will  be  ticketed  for  said  piers  with  final  destination  in 
harbor  indicated  on  the  ticket.  With  the  exception  of  certain 
restricted  freight,  such  as  articles  of  an  inflammable  or  hazardous 
nature,  and  those  of  a  heavy  or  bulky  character,  a  charge  is  made 
to  cover  the  expense  of  'lighterage"  or  "floatage"  of  3  cents  per 
100  pounds  less  than  the  through  rate.  As  an  example :  weight 
15,000  pounds,  through  rate   10  cents. 

To  Jersey  City,  7  cents $10 .  50 

Lighterage,    3   cents 4  •  50 

The  term  ''free  lighterage"  means  that  the  freight  is  to  be 
lightered  to  points  within  the  lighterage  limits  without  any  charge 
beyond  the  regular  New  York  rates. 

For  transferring  freight  cars  by  floats  between  rail  termini 
and  float  bridges  within  the  free-lighterage  limits,  charges  are 
made  ranging  from  $4.50  to  v$6  a  car. 

The  treatment  of  this  subject  would  not  be  complete  unless 
passing  reference  at  least  were  made  to  two  classes  of  freight 
constituting  a  large  proportion  of  the  total  annual  freight  handling 
business  of  greater  New  York.  In  1908  32,000,000  bushels  of  grain 
and  30,000,000  tons  of  coal  passed  through  this  port.  Certain 
salient  features  may  be  mentioned  bearing  particularly  upon  the 
developm.ent  of  mechanical  means  for  handling  these  materials. 

Readers  familiar  with  the  sights  of  New  York  harbor  have 
often  seen  the  floating  grain  elevator  discharging  its  cargo  into 
the  hold  of  some  big  ocean-going  vessel.  Pagan's  Patent  grain 
elevator,  came  from  Troy  in  1848  and  at  once  established  for  itself 


FLOATING   GRAIN    ELEVATOR   TRANSFERRING   FROM    CANAL   BOATS    TO    STEAMER. 

Capacity    1,500  bushels  an  hour.      Elevator  is  equipped  with  cyclone  blowers   for  cleaning  the 

grain. 
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an  unenviable  reputation.  Previous  to  the  advent  of  this  auto- 
matic machine,  grain  had  been  transferred  to  ships  by  the  good 
old-fashioned  method  of  "toting"  and  600  bushels  per  hour  was 
the  record.  To  have  a  michine  step  in  and  handle  2,500  bushels, 
besides  cleaning  the  grain,  was  more  than  any  self-respecting 
stevedore  of  those  times  could  stand  for,  and  after  bitter  opposi- 
tion on  the  part  of  labor  and  after  many  threats  had  been  made 
against  the  owners,  a  fire  of  incendiary  origin  destroyed  the  ele- 
vator as  it  lay  at  its  dock  in  Brooklyn.  Four  years  later  another 
floating  elevator  was  placed  in  operation.  Its  capacity  was  nearly 
double  that  of  Pagan's,  while  the  modern  machine  transfers  12,000 
to  18,000  bushels  of  grain  per  hour  from  canal  boat  to  steamer. 

The  larger  percentage  of  the  coal  handling  in  the  port  of  New 
York  is  done  by  mechanical  means.  From  the  time  of  its  dis- 
charge from  cars  at  the  various  coal  ports  into  barges  for  lighter- 
age to  points  of  distribution  and  consumption,  bucket  hoists,  cable 
railways,  and  conveyors  become  chief  factors  in  reducing  the  cost 
of  handling.  The  floating  grain  elevator  has  its  counterpart  in 
the  harbor's  coal  trade  in  the  floating  coal-weighing  barge.  A 
vessel  of  this  class  has  a  carrying  capacity  of  1,000  tons  and  is 
equipped  with  a  bucket  conveyor  for  transferring  coal  to  the 
holds  of  ocean-going  vessels,  handling  in  this  manner  about  40 
tons  an  hour. 

To  handle  New  York's  freight  by  a  combination  of  the  central 
terminal  and  tunnel  plans  suggests  a  feasible  solution  of  the 
problem.  To  develop  the  central  terminal  scheme  the  acquisition 
of  properties  in  New  Jersey  offers  a  key  for  a  comprehensive  plan. 
Such  a  terminal  must  hold  the  loaded  freig'ht  for  transfer  to 
steamers,  amounting  in  some  instances  to  one  or  two  hundred 
car  loads  for  a  single  vessel,  and  empties  for  the  various  trunk 
lines  for  the  receipt  of  cargo  freight.  New  Jersey  is  the  only 
available  locality  where  both  sufficient  ground  area  and  direct 
connection  with  the  trunk  lines  can  be  secured.  To  complete 
the  system  a  series  of  tunnels  would  have  to  be  constructed  to 
bring  transfer  points  and  local  freight-receiving  stations  in  Man- 
hattan, Brooklyn,  and  the  Bronx  within  the  working  zone.  Re- 
cent tunnel  and  subway  construction  in  New  York  serves  to  bring 
such  a  proposition  within  the  range  of  possibility,  oflfering  as  it 
does  a  working  basis  for  exact  estimates  not  heretofore  acces- 
sible. 


STEAM-CONDENSER    DESIGN   AND  PRACTICE. 

^3'  Dr.  Jos.  H.  Hart. 

THE  use  of  condensers  as  an  aid  to  steam-engine  efficiency 
is  becoming-  common  in  smaller  and  smaller  installations, 
and  practically  every  engineer  is  more  or  less  familiar 
with  the  fundamental  ideas  involved  in  the  operation  and  theory 
of  the  ordinary  steam  condenser.  Comparatively  few,  however, 
are  familiar  with  many  of  the  more  serious  problems  which  enter 
into  condenser  construction  and  design,  and  the  great  specializa- 
tion existing  in  the  various  types,  depending  upon  conditions  of 
utilization  and  duty  to  be  performed.  The  classification  of  con- 
densers into  jet  and  surface  types,  and  the  dependence  of  a  choice 
between  these  upon  character  of  water  is  more  or  less  familiar, 
but  the  other  classifications  into  types  as  best  fitted  for  special 
purposes,  their  relative  efficiencies  in  regard  to  water  consump- 
tion and  overload  possibilities,  their  reliability,  and  various  other 
questions  of  maintenance  and  operation,  are  constantly  under- 
going change  to  such  an  extent  that  the  field  of  steam  condensa- 
tion as  a  branch  of  steam  engineering  is  acquiring  greater  and 
greater  significance. 

Thus,  the  necessity  of  special  design  for  more  efficient  opera- 
tion in  the  utilization  of  condensers  in  turbine  installations  is  well 
understood,  but  the  difficulties  met  with  in  these  re-adjustments, 
and  their  methods  of  solution,  are  not  so  familiar.  In  order  to 
understand  this  more  clearly,  we  cannot  do  better  than  to  review 
briefly  condenser  design  in  general,  and  the  specific  problems  met 
with  in  actual  operation,  with  a  short  study  of  general  efficiency. 

Condensers  can  be  divided  into  two  classes,  the  jet  and  sur- 
face types  respectively,  dependent  for  their  utilization  upon  the 
character  of  the  condenser  water;  and  all  the  differences  in  these 
two  types  are  dependent  upon  the  necessity  of  separation  of  the 
water  of  condensation  from  the  steam  and  the  water  used  in  pro- 
ducing condensation.  Again,  jet  condensers  can  be  divided  into 
various  types,  according  to  the  methods  of  maintenance  of  the 
water  seal  for  the  vacuum,  the  procedure  involved  in  the  circula- 
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FOUR  ADMIRALTY  SURFACE  CONDENSERS,  SHEFFIELD  CORPORATION   ELECTRICITY  WORKS. 

Installed    by   Wheeler   Condenser   &    Engineering   Co.,    to    operate    in   connection    with    10,000 

horse-power   of  cross-compoimd   engines. 

tion  of  the  water,  and  the  removal  of  the  air  carried  into  the  con- 
denser by  both  the  steam  and  the  condenser  water.  The  various 
distinctions  involved  in  these  classifications  will  come  out  more 
readily  by  a  brief  review  of  the  various  types  existing  on  the 
market. 

The  surface  condenser  consists  practically  of  a  steam  boiler, 
as  far  as  design  is  concerned,  and  is  equivalent  more  especially  to 
what  is  known  as  a  shell-cooler  in  refrigeration.  The  object  de- 
sired is  to  bring  the  steam  for  condensation  into  as  intimate  and 
continuous  contact  as  possible  with  the  cold  water  without  allow- 


STnAM-coxniixsiiu  di^sicx  .ixd  i'k. iciici-:. 
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mg  the.r  absolute  mixlurc.  This  is  accomplished  in  the  majority 
of  cases  by  having-  a  bank  of  pipes,  or  a  nest  of  boiler  tnbes  in- 
stalled ,n  a  metallic  shell  and  possessino-  two  separate  and  distinct 
c.rcnlati.ig  systems,  one  for  the  cohl  water  an<l  the  other  for  the 


WEISS    COUNTER-CUKRENT     CO 

Southwaik    I'oundry   ^S:   -Machine   Co. 


NDENSER    FOR     3,OO0-KlL0\VATT     TL-RBIXE,     SIMILE 
ELECTRIC    COMPANY. 
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VERTICAL        TWO-STAGE        TURBINE        HOT-WELL 
PUMP,   4-INCH,   DRIVEN    BY    STEAM    TURBINE. 


For  surface  condensers  under   high  vacuum, 
stalled  on  new  American  scout  cruisers. 
Henry  R.  Worthin-jton. 


In- 


steam,  with  great  possibili- 
ties of  transferring  heat 
through  the  extensive  sur- 
faces. As  can  be  readily 
imagined,  this  construction 
allows  a  wide  variation  in 
theory  and  design  for  the 
best  utilization  of  the  cold 
water  and  most  rapid  con- 
densation of  the  steam. 
Counter-current,  multiple- 
current,  and  parallel-cur- 
rent types  exist,  with  di- 
verse opinions  in  regard  to 
relative  efficiency.  The  air 
must  be  removed  by  means 
of  a  vacuum  pump,  in  this 
type,  and  the  water  of  con- 
densation from  the  steam 
can  be  pumped  back  direct- 
ly through  a  feed  -  water 
heater  into  the  boiler  and 
used  over  again.  Problems 
arising  from  contact  with 
the  external  air,  and  the 
pressure  exerted  by  it,  and 
those  due  to  the  variability 
of  temperature  and  pres- 
sure conditions  on  the  con- 
denser water,  are  elimi- 
nated. Thus,  the  possibility 
of  having  the  condenser 
water  become  so  hot  that  it 
boils  spontaneously  on  ac- 
count of  the  reduced  vacu- 
um, is  a  problem  not  met 
with  in  this  form  of  con- 
struction. This  latter  con- 
dition limits  the  heating- 
range  for  condenser  water 
in  the  jet  or  barometric 
type,    but    only    enters   in- 


ALBERGER  CONDENSER  INSTALLATIONS    WITH    CURTIS  TURBINES. 

Above,  counter-current  surface  condenser  for  2.500-kilowatt  turbine.  Denver   Gas  &   Electric 

Co.      Below,   centrifugal   condenser    with    500-kilowatt  turbine, 

Port  Huron  Light  &  Power  Co. 
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directly  into  the  surface 
condenser.  In  the  latter, 
the  water  of  condensation 
may  possibly  boil  at  the 
diminished  vacuum  if  it  is 
not  removed  with  sufficient 
rapidity,  or  kept  cool  by 
the  circulating  water.  The 
cooling  water  itself,  how- 
ever, is  not  affected  by  the 
range  in  temperature  ex- 
cept under  extreme  condi- 
tions. As  a  general  thing 
the  water  in  surface  con- 
densers can  be  raised  to  a 
considerably  higher  tem- 
perature in  the  perform- 
ance of  their  duty,  but 
they  require  comparatively 
large  installations  with 
great  heating  or  cooling 
surfaces,  since  the  effi- 
ciency of  heat  transfer  is 
much  less  in  this  type. 

Jet  or  barometric  con- 
densers are  based  in  prin- 
ciple upon  the  immediate, 
intimate  contact  of  the 
steam  and  condenser  water, 
directly  in  the  vacuum,  and 
they  necessitate  the  re- 
moval of  this  water  as  fast  as  it  becomes  unserviceable  through 
excessive  heating,  and  its  renewal  from  a  suitable  source.  In 
actual  design  and  constructive  details,  the  jet  condenser  with 
pump  attachment  is  undoubtedly  the  simplest  of  all  types.  It  is 
much  smaller  for  a  given  capacity  than  any  other  construction, 
but  its  efficiency  is  often  limited.  The  jet  condenser  for  the 
circulation  of  the  water  requires  the  insertion  of  a  water  seal 
(and  in  reality,  two  of  these)  against  atmospheric  pressure. 
This  sealing  may  be  accomplished  by  the  aid  of  a 
column  of  water,  able  to  exert  a  pressure  equivalent  to  that 
of    the    atmosphere,    on    a    principle    similar    to    that    involved 


ELEVATION       OF       I'.AROMETKIC      CONDENSER, 

SHOWING     S  EL  F-  S  U  pro  RT I N  G 

CONSTRUCTION. 

Alberger  Condenser  Co. 
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in  the  operation  of  an  ordinary  barometer.  This  explains  the  ne- 
cessity in  some  cases  of  an  installation  including  stand  pipes  30  to 
35  feet  high,  or  a  sunken  well  of  this  depth  for  the  maintenance  of 
the  different  levels.  A  condenser  using  this  barometric  column  con- 
sists in  reality  of  two  water  barometers,  connected  at  the  top  into  a 
single  vacuum  chamber  into  which  the  exhaust  steam  is  turned.  In 
order  to  promote  a  water  circulation,  it  is  necessary  only  to  raise 
the  water  in  one  of  the  tubes,  whereupon  it  will  automatically  flow 
out  of  the  other. 


TWIN    EJECTOR  CONDENSERS,   HOLYOKE  ELECTRIC  LIGHT    STATION,   FOR    I,000- KILOWATT 

CURTIS    TURBINE. 

The  Deane  Steam   Pump  Co. 
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If  the  connection  with  the  tubes  is  slightly  lower  than  the  baro- 
metric height,  the  pump  can  be  installed  anywhere  in  the  system. 
It  can  raise  the  water  in  one  column,  whereupon  it  will  flow  auto- 
matically out  of  the  other,  or  it  can  drive  the  water  down  in  the 
outflow  column  with  equally  satisfactory  circulation.  Again,  the 
water  can  be  turned  in  from  above,  by  atmospheric  pressure  alone, 
and  with  its  supply  regulated  by  a  spray  valve,  whereupon  it  will 
automatically  flow  out.  In  this  case  a  barometric  column  is  in- 
stalled in  a  well,  and  the  pump  must  be  used  simply  to  lower  the 
water  surface  in  the  well,  whereupon  this  will  be  re-supplied  by 
flow  throughout  the  condenser  system.  This  latter  feature  of 
apparent  variability  in  pumping  duty  explains  the  remarkable 
variation  in  design  existing  in  condenser  construction  and  opera- 
tion. If  an  ejector  pump  is  used  and  operated  at  a  fairly  high 
speed,  so  as  to  have  an  excess  capacity  over  normal  supply,  it  can 
be  used  to  maintain  the  vacuum  against  the  atmosphere  without 
the  use  of  a  column  of  water.  Hence  in  the  simplest  type  of  the 
jet  condenser,  water  is  allowed  to  flow  naturally  through  some 
form  of  spraying  device  into  a  vacuum.  This  operation  is  gen- 
erally accomplished  by  using  the  normal  atmospheric  pressure, 
but  considerable  variations  in  pressure  both  positive  and  negative 
often  exists  at  this  point  with  satisfactory  operation.  The  w^ater 
then  is  pumped  out  from  this  vacuum  chamber  as  fast  as  it  enters, 
by  means  of  the  ejector  pump,  and  the  entire  design  is  very  com- 
pact and  readily  attached  to  small  steam  units.  If  the  pump  is 
installed  as  a  supply  pump  on  the  other  side  of  the  condenser 
system,  the  outflow^  occurs  automatically  through  a  barometric 
column,  and  can  be  further  utilized  for  partial  removal  of  the  air 
by  a  device  similar  to  the  aspirator,  or  steam  injector.  Some 
types  utilize  the  single  pump  in  the  water  exhaust,  for  the  re- 
moval of  the  air  as  well,  the  air  being  carried  along  with  the  water 
into  the  pump  cylinder.  This,  however,  results  in  a  very  poor 
efificiency  in  the  actual  operation  of  the  pump,  as  can  be  readily 
seen.  The  air  removal  is  accomplished  practically  in  all  con- 
densers of  this  type,  in  which  a  high  vacuum  must  be  maintained, 
b}/  means  of  a  dry  vacuum  ])um]3,  operated  as  a  separate  unit.  Of 
course,  both  the  circulating  puni])  and  the  vacuum  pump  can  be 
connected  with  the  condenser  for  condensation  of  their  exhaust 
steam,  and  efficiency  generally  increased,  in  most  installations. 
Now  the  use  of  the  vacuum  pump  and  the  spraying  device,  or 
rather  the  immediate  context  of  steam  and  water,  are  responsible 
for  the  existence  of  a   number  of  problems   in  actual   operative 


WHKKLKR    CONDENSER     INSTALLATIONS. 

Above,  Fall   River   i-'Jictric  Light  Co.;  brlow,  WIu'cUt  surface  coiuU-nsers  for  Curtis  turbines, 

with   engine-driven  centrifugal  circulating  pumps.   Public    Service   Corporaton  of 

New  Jersey,  Marion,  N.  J.     Wheeler  Condenser  &  Engineering  Co. 
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conditions.  The  water  supply  must  be  regulated  by  a  variation 
in  the  capacity  of  the  pump,  if  this  latter  is  of  the  ejector  type, 
and  it  must  also  vary  considerably  with  the  steam  supply  to  con- 
densers. If  the  water  supply  is  not  rec^ulated  otherwise,  and  is 
dependent  upon  the  steam  pressure,  or  pump  capacity,  it  may 
flow  back  and  flood  both  the  steam  engine  and  the  vacuum  pump, 
with  disastrous  results  in  both  cases.  The  efficiency  of  the  de- 
vice is  dependent  ])rimarily  on  the  maintenance  of  the  vacuum, 
and  if  the  water  becomes  too  hot,  it  boils  at  the  reduced  pressure, 
this  point  often  being  reduced  as  low  as  150  degrees  F. 


HORIZONTAL    HOT-WELL    PUMP. 
Wheeler    Condenser   &    Engineering    Co. 

Interesting  devices  appear  in  the  various  types  for  the  main- 
tenance of  the  vacuum  under  all  conditions  of  water  circulation 
and  steam  load.  The  Blake  and  Weiss  condensers  possess  auto- 
matic devices  for  injecting  a  small  quantity  of  air  when  boiling 
of  the  condenser  water  occurs.  This  increase  in  pressure  raises 
the  boiling  point  of  the  condenser  water  and  allows  the  device  to 
operate  at  a  diminished  vacuum,  which  is  gradually  and  automat- 
ically increased  by  the  operation  of  the  vacuum  pump.  The  Al- 
berger  condensers  possess  an  advantage  in  regard  to  the  valve 
regulating  the  spray,  and  the  design  of  the  condenser  head,  which 
permits  comparatively  dry  air  to  be  carried  into  the  vacuum  pump. 

Various  floats  and  other  devices  are  used  in  the  majority  of 
condensers  of  this  type  to  prevent  flooding.  A\'hen  the  water 
rises  in  the  condenser  beyond  a  certain  danger  line,  a  float  is 
lifted  and  allows  air  entrance,  whereupon  the  water  supply  is  cut 
down  automatically.  Automatic  devices  or  valves  exist  as  well 
for  allowing  the  steam  to  be  turned  into  the  atmosphere  whenever 
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SINGLE   COMPOUND   VACUUM    PUMP    WITH    JET   CONDENSER,    HOLYOKE    ELECTRIC    LIGHT 

STATION. 

Size   9   by    14   by   20    by   24.      Installed   by    Deane    Steam    Pump   Co. 

the  condenser  ceases  to  operate.  These  valves  are  comparatively 
simple  in  construction,  since  they  close  against  the  atmosphere 
by  its  pressure,  and  open  naturally  when  the  steam  pressure  in 
the  interior  exceeds  this,  or  bears  a  certain  definite  ratio  to  it. 

An  interesting  problem  in  ordinary  construction  of  condenser 
design  is  connected  with  the  pumping  installation  for  the  circulat- 
ing water.  Centrifugal  pumps  are  very  unsatisfactory  for  this 
work,  since  their  output  varies  greatly  with  the  pressure.  Thus, 
with  an  ordinary  water  supply  pump  of  this  type,  the  amount  of 
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water  furnished  increases  when  tlie  xacunni  is  rechicerl,  whereas 
for  the  most  efficient  operation  of  the  condenser  it  slicnld  (hniin- 
ish  proportionally  as  well  as  increase  in  amount  when  needed. 

These  problems  of  water  circulation,  its  variable  action  under 
different  conditions  of  temperature  and  pressure,  and  the  removal 
of  the  air  efficiently,  are  further  complicated  by  the  necessity  of 


CENTRIFUGAL    CONDENSER    USED    WITU     5,O00- KILOWATT    CURTIS    TURBINE,    WESTPORT 

STATION.       CONSOLIDATED    GAS    &    ELECTRIC    CO.,    BALTIMORE,    MD. 

Alberger     Condenser    Co. 


ABOVE,     HIGH-SPEED     TURBINE-DRIVEN      CENTRIFUGAL     PUMP  ;      BELOW,     CENTRIFUGAL 
HOT-WELL    PUMP,    STEAM    TURBINE    DRIVEN. 

The    upper   figure   is   a    new    form    of   tri-rotor    pump    used    in   very    recent  installations    for 

circulating  water  with  surface-condenser  equipment.     The  lower  is   used   for  taking 

condensation   from   surface   condensers   under   high   vacuum    and   delivering 

into    feed-water   heaters.      Henry    R.    Worthington. 
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BLAKE   VERTICAL   TWIN-BEAM    AIR   PUMP    AND   JET   CONDENSER. 

Widely    used    in    the   best   power    plants   and    on   very   many    American    and    other    warships. 

Henry  R.  Worthington. 

having  the  condenser  operate  efficiently  under  wide  variations 
of  steam  load.  Thus,  until  quite  recently,  the  variation  in  steam 
supply  to  condensers  in  rolling  mills  and  similar  establishments 
was  such  that  the  action  of  the  condenser  was  very  unreliable  in 
these  installations,  and  in  many  cases  where  the  horse  power  in 
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ABOVE,,    VOLZ    COMBINED    SURFACE    CONDENSER    AND    FEED-WATER    HEATER.    SECTIONAL 
VIEW  ;   BELOW,   WHEELER  ADMIRALTY   SURFACE  CONDENSER   WITH    DIRECT- 
ACTING  AIR   PUMP  AND  CENTRIFUGAL  CIRCULATING  PUMP. 

Wheeler   Condenser    &    Engineering   Co. 

the  mill  was  rated  on  condenser  conditions  and  used  at  its  maxi- 
mum, the  engines  were  compelled  to  shut  down  temporarily  in 
case  of  the  non-operation  of  the  condenser.  Condenser  design 
and  installation  is  therefore  as  much  a  special  problem  for  indi- 
vidual cases  as  for  general  types.  The  use  of  large  central  con- 
densing installations  of  condensing  capabilities  sufficient  to  take 
care  of  the  steam  from  engines  aggregating  as  much  as  24,000 
horse  power,  is  not  uncommon.  By  combinations  such  as  these, 
the  variability  of  load  has  been  much  reduced,  the  efficiency  of 
operation  greatly  increased,  and  water  supply  can  be  more  readily 
regulated.  Advantage  lies  with  the  larger  single  pumping  units 
in  place  of  several  small  ones.  On  the  other  hand,  such  cen- 
tral plants  are  more  or  less  difficult  to  install  under  conditions  such 
as  are  met  with  in  ship  design,  and  various  local  conditions  often 
aflfect  their  applicability  to  other  departments. 


SINGLE    VERTICAL    FLYWHEEL    VACUUM    PUMP    WITH    CONDENSER,    AND    DUPLEX    FLY- 
WHEEL   VACUUM    PUMP. 

Both  by   Dean?  Steam  Pump  Co.     The  vertical  pump  is  12  by  24  by  IS,  and  the  horizontal 

4"plex  is    10   by    14   by    12, 
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RECENT   DEVELOPMENTS   IN   CONVEYING 
MACHINERY  FOR  COAL  AND  ASHES. 

By  Wilbur  G.  Hudson. 

The  systematic  discussion  of  both  mechanical  features  and  cost-saving  of  coal-handling 
machinery  conducted  by  Mr.  Hudson  greatly  exceeds  the  space  available  for  a  single  article. 
The  remainder  of  his  study  will  appear  in  our  August  issue  and  will  cover  reserve  storage, 
pivoted  bucket  carriers,  screw  conveyors,  skip  hoists,  coal-weighing  devices  and  specialized 
ashes-handling   machinery. — The    Editors. 

DEVELOPMENTS  of  conveying  machinery  for  coal  and  ashes 
in  the  last  few  years  have  been  marked,  covering  roughly  the 
transition  from  a  chain  of  scrapers,  dragged  noisily  along  a 
trough,  to  the  modern  suspended-flight  conveyors,  carriers,  and  belt 
conveyors  doing  their  work  silently  and  efficiently.  More  attention 
is  paid  to  the  details  afifecting  economy  in  operation ;  note,  for  ex- 
ample, the  substitution  of  rolling  for  sliding  friction  in  the  modern 
''roller-flight  conveyor"  of  Figure  i.  The  rollers  are  made  hollow 
and  packed  with  absorbent  material.  There  is  a  clearance  of  ^  inch 
between  flight  and  trough,  ma'king  the  operation  of  this  simple  type 
of  ''scraper  conveyor"  noiseless  and  fairly  efficient.  There  has  been 
a  notable  improvement  in  conveyor  chains.  The  older,  heavy  mallea- 
ble and  wrought-iron  links  are  widely  supplanted  by  the  lighter 
and  stronger  bushed  chains  with  drop-forged  steel  links.  Strength, 
however,  is  not  the  only  requirement.  Unless  the  articulation  of  the 
links  provides  for  ample  bearing  surface  and  thorough  lubrication, 
there  will  be  rapid  wear,  variation  in  pitch,  and  bad  action  at  the 
sprockets.  Large  bearing  surface  but  defective  provision  for  lubrica- 
tion, is,  on  the  whole,  worse  than  insufficient  bearing  surface,  accom- 
panied by  open  joints  kept  well  lubricated. 

An  example  of  the  refinement  of  design  in  conveyor  chain  is  the 
"Maximum  chain"  developed  from  the  old  "two  and  two"  steel  chains  in 
which  the  links  were  made  up  of  steel  flats  with  soft-steel  pins  rivetted 
over.  This  was  very  powerful  in  proportion  to  its  weight,  but  its 
strength  was  out  of  all  proportion  to  its  bearing  area  at  the  joints. 
The  engineers  of  the  Pennsylvania  anthracite  region  improved  it  in 
what  is  sometimes  called  the  "Lehigh  Valley"  chain,  which  has  drop- 
forged  links  with  thickened  ends  to  secure  more  bearing  area  and 
better  distribution  of  metal.  The  bearing  surfaces  were  still  inade- 
quate, and  there  was  difficulty  in  using  hardened  pins  because  of  their 
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FIG.    I. 


WEBSTER    ROLLER    FLIGHT    CONVEYOR,    DELAWARE    AVENUE    POWER    PLANT    OF 
PHILADELPHIA  RAPID  TRANSIT   RAILWAY. 


ends  having  to  be  rivetted  over.  The  Maximum  chain  cleverly 
overcomes  these  defects  as  shov^n  in  Figure  2.  The  links  are  high- 
carbon  drop-forged  steel,  the  pins  are  hardened,  and  the  lugs  on  the 
links  make  the  bearing  area  the  whole  length  of  the  pin.  The  joints 
are  packed  with  graphite  grease  in  assembling.  Figure  3  shows  the 
appearance  of  the  assembled  chain.  The  particular  inclined  conveyor 
illustrated  is  about  300  feet  centers  with  a  capacity  of  250  tons  per 
hour.  I  dismantled  several  of  these  links  after  80,000  tons  of  coal 
had  been  handled,  and  found  them  in  fine  condition,  with  the  bearing 
surfaces  merely  brightly  polished,  and  no  perceptible  wear. 
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Coal-Conveying  Machinery. 

For  large  capacities,  say  more  than  100,000  tons  annually,  the 
cost  of  power  and  maintenance  in  any  coal-handling  installation  is 
considerable.  Certainty  of  operation  and  economy  of  space  are 
factors  requiring  attention.  When  coal  is  handled  in  the  enormous 
quantities  and  under  the  conditions  existing  in  blast-furnace  practice, 
coke  plants,  and  collieries,  the  most  important  consideration,  taking 
precedence  over  all  others,  is  reliability.  Even  the  temporary  disable- 
ment of  the  conveying  machinery  is  a  catastrophe  usually  involving 
considerable  expense,  if  not  entailing  the  complete  shut-down  of  the 
plant.  Often  in  such  cases  the  conveying  system  is  in  duplicate,  so 
that  ordinary  repairs  may  be  made  without  interrupting  the  service. 
Reliability,  then,  is  most  important ;  but  since  the  tonnage  is  so  large, 
the  repair  and  maintenance  charges  per  ton  handled  are  worthy  of 
serious  consideration  in  determining  the  design. 

Belt  Conveyors. — Belt  conveyors  are  well  adapted  to  large  ton- 
nages. The  high  belt  speeds  practicable  give  a  very  large  rate  of 
handling  with  comparatively  small  width  of  belt.     The  improvements 
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in  supporting  idlers  have  aided  in  reducing  the  power  required  for 
operation  and  contributed  to  the  life  of  the  most  expensive  part  of 
the  conveyor — the  belt.  Of  more  importance,  the  belt  itself  has  been 
brought  to  a  state  of  perfection  where  its  uniformity  and  resistance 
to  abrasion  are  remarkable.  '  The  latest  designs  of  carrying  idlers 
vary.  Some  manufacturers  favor  a  unit  made  up  of  four  or  even  five 
short  idlers  (Figure  4)  with  their  upper  edges  approximately  a 
catenary,  while  others  advocate  the  single  roller,  flared  at  the  ends  to 
give  the  desired  troughing  efifect.    The  former  is  criticised  as  regards 


FIG.    3.       SUSPENDED   FLIGHT   CONVEYOR    EQUIPPED    WITH    "MAXIMUM"    CHAIN. 

Rope  drive  extends  along  the  truss  to  the  head  end.     A  "depressor"  or  guide  chain  is  used 

at  the  bend  of  the  conveyor  instead  of  a  sprocket  wheel,  to  eliminate 

chu-ning  and   breaking   of   coal. 
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FIG,    4.       MULTIPLE    TKOUGHING    AND    RKTURN-IDLERS    FOR    BELT    CONVEYORS. 
Robins    Conveying    Belt    Company. 

lubrication.  Oil  will  be  thrown  on  the  belt  from  the  central  bearings, 
or  if  grease  is  used  there  is  an  increase  in  friction  and  more  or  less 
difficulty  from  ''frozen"  idlers.  The  latter  design  is  ideal  as  regards 
lubrication,  especially  as  brought  out  with  pivoted  chain  oiling  bear- 
ings and  light  spun  steel  rolls  (Figure  5).  It  is  open  to  the  criticism 
that  there  is  an  unavoidable  slip  between  belt  and  rolls,  owing  to  the 
flaring  ends.  However,  conveyor  belts  in  active  service  wear  out  on 
the  carrying  face,  not  on  the  underside,  and  the  structure  of  the  belt 
itself  rather  than  the  design  of  idler  is  the  vital  point,  except  that  the 
idler  must  not  be  too  deeply  troughed,  as  this  has  a  bad  effect  on  the 
protecting  rubber  covering.  The  earlier  belts  gave  trouble  through 
the  rubber  stripping  from  the  fabric  and  from  tendency  to  crack  along 
the  carrying  surface.     The  best  conveyor  belts  today  have  not  these 
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defects.  The  carrying  surface  Is  formed  by  a  vulcanized  layer  of 
nearly  pure  high-grade  rubber.  The  chief  source  of  wear  is  the 
impact  and  abrasion  of  the  material  handled.  This  effect  is  a  maxi- 
mum along  the  center  of  th2  carrying  surface  and  decreases  to  zero 
at  the  edges.  The  best  design  of  belt  will  therefore  have  its  protect- 
ing covering  thickest  at  the  center,  decreasing  uniformly  toward  the 
edges.  The  belt  should  be  uniform  in  thickness  and  stiffened  at  the 
edges  to  resist  the  action  of  the  side  guide  idlers  and  and  reduce  the 
lateral  bending  between  carrying  idlers. 


Belt  Width-  12 
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FIG.    5. 


SHALLOW    TROUGH     SPUN-STEEL    BELT-CONVEYOR    IDLER     WITH     EXTERNAL 
RING    OILING    BEARINGS.       LINK    BELT    ENGINEERING    CO. 


Figure  6  is  a  half  section  of  the  belt  made  by  the  Robins  Com- 
pany, who  have  given  considerable  attention  to  this  important  matter. 
The  edges  are  stiffened  by  doubling  back  the  fabric.  The  armor 
thickens  toward  the  center,  insuring  the  longest  possible  life,  for  when 
this  covering  is  finally  destroyed  a  belt  will  rapidly  fail. 

Belt  conveyors,  whenever  possible,  should  be  loaded  by  directing 
the  flow  of  material  in  the  direction  in  which  the  belt  is  moving,  to 
reduce  impact  and  abrasion.  Placing  a  screen  at  the  lip  of  the  chute 
is  of  some  benefit,  the  fine  material  making  a  cushion,  though  the 
screen  is  apt  to  clog  up  and  become  ineffective. 
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Rigid  Bucket  Carriers. — The  belt  conveyor  attains  its  jreat 
capacity  with  a  narrow  stream  of  coal  moving  at  high  speed.  The 
converse  of  this — large  mass  at  slow  speed — was  characteristic  of 
the  powerful  scraper  conveyors  so  widely  employed  for  heavy  service, 
but  which  are  now  gradually  being  superceded  by  ''rigid  bucket 
carriers,"  composed  of  steel  overlapping  buckets  secured  to  two  runs 
of  heavy  roller  chain.  These  are  practically  immune  from  break- 
down if  properly  designed,  and  while  their  first  cost  is  high,  their 
long  life  and  low  maintenance  charge  assure  a  handsome  return  on 
the  greater  investment.  They  are  supplanting  the  large  scraper 
conveyors  used  in  transferring  coal  from  shaft  to  breaker  in  the 
anthracite  districts  of  Pennsylvania,  where  a  breakdown  involves 
considerable  loss. 

/v*-*- ^  ^  «•  A-    cr  o  *^  ^  A- 
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FIG.    6.      CONVEYOR   BELT   OF    UNIFORM    THICKNESS    WITH    RUBBER   COVER   THICKENED 
TOWARD  CENTER  AND  EDGES    STIFFENED  BY   DOUBLING  BACK  THE   PLIES. 

Probably  the  most  severe  conditions  that  coal-handling  machinery 
is  called  upon  to  withstand  are  met  throughout  this  region.  There 
has  been  a  marked  evolution  in  the  quality  of  all  machinery  installed 
there  recently,  coincident  with  the  consolidation,  of  interests.  The 
engineers  have  unusual  facilities  for  testing  out  weaknesses  of  design 
as  their  operations  become  more  extensive.  The  average  conveyor 
designed  for,  say,  300  tons  per  hour,  usually  has  an  opportunity  to 
show  what  it  can  do  with  double  that  load  before  it  is  long  in  service. 

The  location  of  the  breaker  of  an  anthracite  mine,  with  reference 
to  the  head  of  the  shaft,  very  often  calls  for  a  main  conveyor  to 
elevate  the  run-of-mine  coal.  The  whole  system  is  dependent  upon 
this  conveyor,  and  it  must  be  absolutely  reliable.  The  heavy  two- 
strand  suspended-flight  scraper  conveyor,  with  flights  as  large  as 
12  by  50  inches,  proved  excellent  in  this  service.  The  trough  upon 
which  comes  the  heaviest  work  was  frequently  made  up  of  3^ -inch 
cast  iron  "chute  plates"  to  resist  the  continual  abrasion  of  the  coal, 
and  the  driving  machinery,  shafting,  and  chains  were  all  exception- 
ally heavy.  The  capacity  ran  from  1,200  to  2,500  tons  per  day  of 
10  hours.     Larger  capacities  were  called  for  in   recent  operations, 
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resulting  in  the  introduction  of  these  rigid  bucket  carriers,  with  ca- 
pacities exceeding  4,000  tons  in  10  hours,  and  with  decreased  fric- 
tional  losses  and  maintenance  costs,  and  better  provision  for  replace- 
ment of  worn-out  parts.  The  first  of  these  to  be  installed  was  at 
No.  14  breaker  of  the  Pennsylvania  Coal  Company  near  Pittston. 
(See  Figure  7).  It  is  355  feet  centers,  on  an  incline  of  25  degrees. 
The  two  bushed  steel  chains  are  of  24-inch  pitch  with  side  bars  formed 
of  5  by  i/^-inch  flats.  The  pins  are  2  inches  in  diameter,  with  collars 
which  engage  the  driving  sprockets.  The  speed  is  120  feet  per  min- 
ute. Figure  8  shows  the  carrier  under  light  load.  When  handling 
500  tons  per  hour,  the  buckets  are  completely  hidden  under  the  mass 
of  coal.  The  machine  was  started  in  1902  and  handles  about  130,000 
tons  per  month.  When  I  last  inspected  it,  after  3  years'  service,  it 
was  still  in  excellent  condition.  The  cost  of  repairs  had  averaged 
four  one-hundredths  of  a  cent  per  ton  handled  for  material  and  six 
one-hundredths  of  a  cent  for  labor,  or  a  total  repair  cost  of  one-tenth 
of  a  cent  per  ton.  A  number  of  breakers  have  since  been  similarly 
equipped. 
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FIG.   7.      PENNSYLVANIA    COAL  COMPANY    NO.    I4    BREAKER,,    PITTSTON,   PA. 
Showing  general  arrangement,  of  head  of  shaft,  breaker,  and  main  conveyor.      Link  Belt  Co. 

The  advantages  in  this  type  of  machine  are  obviously  those  of 
rugged  construction  and  slow  speed.  The  parts  subjected  to  wear 
are  easily  removable.  The  older  scraper  lines  were  also  rugged  and 
durable,  but  considerably  less  efficient  as  regards  power  consumption 
and  breakage  of  coal.  In  No.  14  breaker  carrier  the  apron  after 
handling  over  2,000,000  tons  of  coal  was  practically  in  the  same  con- 
dition as  when  new.  The  teeth  of  the  driving  sprockets  are  faced 
with  removable  steel  wearing  plates  and  engage  with  rollers  mounted 
upon  the  bushings  of  tiy3  chain,  and  showed  very  little  wear.     There 
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FIG.   8.     NO.    14   BREAKER  CONVEYOR    H.\NDL1NG    LIGHT   LO.\I). 

is  very  little  liability  of  serious  breakdown.  The  driving'  pinion  is 
not  keyed  to  its  shaft,  but  secured  by  a  steel  breaking  pin  of  such 
cross  section  that  an  overload  or  obstruction  instantly  snaps  it,  and 
the  carrier  comes  to  rest. 

Maryland  Steel  Company's  Coal-Handling  Equipment. — An 
interesting  example  of  coal  handling  in  large  capacities  is  exhibited 
by  the  equipment  of  the  Otto  coke  plant  of  the  Maryland  Steel  Com- 
pany, which  has  been  very  successful  in  its  operation. 

Coal  is  delivered  from  four  track  hoppers,  equipped  with  auto- 
matic feeders,  to  two  double-strand  monobar  scraper  lines,  117  feet 
centers,  with  suspended  flights  every  3  feet.  These  conveyors  de- 
liver the  coal  to  two  disintegrators,  and  the  product  is  elevated  by 
two  gravity  discharge  elevators,  with  24  by  12  by  42-inch  buckets 
spaced  3  feet  apart.  These  discharge  upon  a  30-inch  belt  conveyor 
running  horizontally  253  feet  to  the  storage  bins. 
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FIG.     9.        MARYLAND     STEEL     COMPANY  S     COAL-HANDLING     PLANT. 

Looking   down    from   pivot   end   of   bridge   tramway   toward   two    Monobar   conveyors   leading 
to    the    disintegrators.      Link    Belt    Company. 

A  pivoted  bridge  tramway  with  a  2-ton  electrically  operated  grab 
bucket  is  tributary  to  the  system  and  provides  a  reserve  storage  of 
50,000  tons.  Figure  10  is  a  general  view  of  the  plant.  To  the  left  is 
the  pivot  end  of  the  bridge  in  course  of  erection.  The  arrangement 
of  the  two  elevators  is  shown  clearly,  extending  up  to  the  belt  con- 
veyor bridge  along  which  the  coal  is  carried  across  the  service  bins 
of  both  batteries  of  coke  ovens.  Figure  9  was  taken  from  the  tram- 
way looking  directly  downward  upon  the  flight  conveyors.  Four 
50- tori  cars  are  seen  discharging  into  them. 
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In  the  foreground  is  the  chute  leading  from  the  tramway  hopper 
to  the  conveyor  feeders,  in  position  to  receive  coal  from  the  storage 
pile.  The  capacity  of  this  installation,  with  all  the  machinery  in 
(operation,  is  220  tons  per  hour,  or  holding  one  elevator,  crusher  and 
feeding  conveyor  in  reserve,  no  tons  per  hour.  The  machinery 
has  been  running  almost  continuously  since  March,  1903,  al  an 
average  of  70  hours  per  week.     The  daily  tonnage  is  1,200. 


Flo. 
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The  total  cost  of  repairs  in  material  and  labor  averages  four- 
tenths  to  five-tenths  of  a  cent  per  ton  handled,  and  the  labor  cost 
of  operating  about  nine-tenths  of  a  cent  per  ton.  The  installation 
has  been  handled  with  intelligence  and  care,  and  to  this  without  doubt 
much  of  the  credit  for  its  excellent  record  is  due 
at  the  motor  are  as  follows : 


Power  readings 


Starting 
Motor.      Load.     Empty.  Loaded. 
All  figures  in  horse  power. 


20 


12 


Machine. 
Each  Feeding  Conveyor  117  Feet  Centers  : 

30    feet    rise,    10   by   42    inch    suspended 

flights  spaced  3  feet.    Speed  105  feet  per 

minute    25 

Each  Pair  of  Automatic  Feeders: 

Each   plate  3   feet   6  inches  wide  by    11 

feet  long,  stroke  6  inches 5  5  3  5V2 

Each  Crusher  : 

Two    rolls    47    inches    diameter    by    36 

inches  long    50  43 

Each  Elevator: 

94   feet   vertical   lift,    16    feet'  horizontal 

run,    V-buckets    24   by    12   by   42   inches 

spaced  3  feet  apart ;  speed   105  feet  per 

minute     40  2"/ 

Belt  Conveyor  253  Feet  Center  : 

30-inch  belt;  speed  650  feet  per  minute.         25  24.3 

Moving  tripper  with  belt  empty  runs  up  power  of  belt  conveyor  to  14  horse 
power. 


8 


8 


II 


12—1; 


18 


12 
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When  the  test  was  made,  coal  was  being  handled  at  the  rate  of 
215  tons  per  hour,  i.  e.,  107^  tons  to  each  feeding  conveyor,  crusher, 
and  elevator,  and  215  tons  per  hour  upon  the  belt.  The  life  of  the 
belt  handling  crushed  coal  is  18  months.  The  ^-inch  steel  troughs 
for  the  monobar  conveyors  are  good  for  about  20  or  22  months.  An 
occasional  flight  must  be  replaced.  The  knuckles  of  the  chain  are 
of  very  ample  wearing  surface  and  of  long  life.  The  elevator  is  of 
unusually  heavy  construction,  with  hardened  chain  pins  and  chilled 
driving  rollers.  The  rate  of  wear  here  is  very  slight  except  at  the 
pinions  of  the  motor  and  countershaft.  The  brunt  of  the  work  comes 
upon  the  disintegrators  whose  business  it  is  to  reduce  run-of-mine 
bituminous  to  i  inch  and  under,  and  although  their  digestion  is  ex- 
cellent, a  stray  car  coupler  or  similar  diet  sometimes  lays  one  or  the 
other  up  for  repairs. 

The  coal-handling  installation  at  the  new  coke  plant  of  the  Con- 
solidated Gas  Company  at  Astoria,   N.   Y.,  is  quite  similar  to  this, 
embodying  improvements  in  design  suggested  by  it,  and  is  an  excel- 
lent example  of  good  practice  in  machinery  of  this  type. 
Boiler-Plant  Coal-Handling. 

The  foregoing  are  instances  of  heavy  service  and  tonnage.  The 
average  engineer  is  more  interested  in  the  broader  field  of  boiler- 
house  coal-handling  machinery.  Here  the  conditions  are  somewhat 
different.  Uninterrupted  service,  while  important,  is  less  so.  The 
tonnage  is  less,  and  more  attention  is  usually  paid  to  costs  of  handling. 
Usually  there  is  either  sufficient  reserve  capacity  in  the  bunkers  to 
permit  ordinary  repairs  without  embarrassment,  or  such  emergency 
is  otherwise  provided  for. 

The  problem  of  economically  handling  coal  from  cars  to  furnaces 
in  the  modern  boiler  plant  is  receiving  considerably  more  attention 
than  hitherto,  as  the  expense  of  obsolete  methods  is  now  generally 
appreciated.  Shoveling  coal  over  the  sides  of  hopper  bottom  cars, 
wheeling  it  to  a  stock  pile,  and  finally  to  the  boiler  room  to  be  shov- 
eled into  furnaces,  involves  a  handling  cost  of  from  25  cents  to  45 
cents  per  ton,  which  may  be  reduced  by  80  per  cent  where  the  intro- 
duction of  up-to-date  methods  is  practicable.  With  the  conditions 
usually  encountered,  the  requirements  are  ordinarily  an  overhead 
storage  bunker,  with  suitable  elevating  and  conveying  machinery,  sup- 
plemented when  convenient  by  an  outside  or  reserve  storage. 

Storage  Bunkers. — Bunker  design  is  an  art  in  itself.  It  is  a 
rather  curious  fact  in  my  experience  that  the  architect  usually  leans 
toward  a  built-up  or  framed  steel  bunker,  while  the  contracting  engi- 
neers specializing  in  this  line  of  work  prefer  the  suspension  type. 


HUNT   COAL    AND    ASHES-HANDLING   MACHINERY,  CLEVELAND  TWIST  DRILL  COMPANY. 

Fuel  is  received  in  dump-bottoin  cars,  passed  through  a  crusher  into  a  bucket-type  conveyor. 

and  delivered  by  a  movable  tripper  into  bunkers  holding  a  month's  supply,   500  tons.     The 

same  conveyor  carries  ashes  from   ashpits  to  an  ash  bunker.     C.  W.   Hunt  Co. 
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Possibly  the  lower  cost  of  the  latter  with  the  corresponding  advan- 
tages in  competitive  bidding  has  something  to  do  with  this,  but  as  a 
general  proposition,  the  adaptability  of  the  suspended  bunker  to 
existing  conditions,  its  large  coal  capacity  per  pound  of  material  with 
resulting  economy  of  space, .give  it  a  decided  advantage.  Coal  bunk- 
ers should  be  lined  with  concrete.  The  life  of  a  steel-plate  bin  is 
fixed  by  the  rate  of  corrosion  brought  about  by  moisture  and  sulphur- 
ous acid  from  the  coal.  It  may  be  said  that  a  steel-plate  bunker 
should  have  the  thickness  of  the  plates  increased  above  what  is  re- 
quired by  the  mere  considerations  of  strength,  to  an  amount  based 
upon  the  desired  life  of  the  bin  with  relation  to  the  probable  rate  of 
corrosion.  Several  steel-plate  bunkers  erected  between  1900  and 
1902  recently  inspected  were  found  seriously  corroded  after  6  or 
8-years  use,  particularly  at  the  seams  and  rivets.  The  firm  with  which 
I  am  connected  has  had  excellent  results  with  the  ferro-inclave,  cement 
'lined,  suspended  type  bunker  shown  in  Figure  11. 


Feiro  in';lave 


Concrete  Lining 
of  Bunker 


Strap  removed  .showiug 
outside  finish 
Section  of  Bunker 
Wall 


Cross  Section 


Side  View 
The  Engineering  Magazine 


FIG.     II. 


FERRO-INCLAVE     SUSPENSION     BUNKER. 


Ferro-inclave  is  manufactured  by  the  Brown  Hoisting  Machinery 
Company  and  is  a  patented  corrugated  steel  sheet  formed  by  special 
dies  which  give  dove-tail  corrugations.  The  frame  of  a  ferro-inclave 
suspension  bunker  is  made  up  of  steel  straps  about  %  inch  by  8 
inches  in  section,  spaced  about  4  feet  centers  and  suspended  between 
two  longitudinal  girders,  so  as  to  give  the  required  parabolic  curve. 
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FIG.     12.       FERRO-INCLAVE    SUSPENSION    BUNKERS,    WORCESTER    SALT    COMPANY. 

On  the  steel  straps  sheets  of  ferro-inclave  are  laid,  and  the  outline 
being  preserved  by  suitable  forms,  a  lining-  varying  from  3>^  inches 
to  I  inch  thickness  of  rich  cement  mortar  is  applied.  The  outside  of 
the  ferro-inclave  is  similarly  plastered  with  a  ><-inch  protecting  cov- 
ering. This  gives  a  storage  bunker  that  is  very  efficient,  remarkably 
neat  in  appearance,  and  of  many  times  the  life  of  a  steel  bunker.  The 
lining  may  readily  be  made  waterproof  if  desired. 

Figure  12  shows  the  suspension  bunker  of  the  coal-handling  sys- 
tem installed  by  the  Guarantee  Construction  Company  for  the  Worces- 
ter Salt  Company's  plant  at  Silver  Springs,  N.  Y.  The  bunker  is 
300  feet  long  with  spouts  leading  directly  to  the  Murphy  stokers  of 
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UPPER   LINE  OF    M  CASLIN    Ov'ERLAPPlNG   GRAVITY   BUCKET   CONVEYOR. 
Mead    Morrison    Mfg.    Co. 

the  boilers.  The  whitened  outside  face  of  the  ferro-inclave  sheathing 
adds  considerably  to  the  light,  cheerful  appearance  of  the  boiler  room. 
Incidentally,  this  installation  is  an  interesting  example  of  the  saving 
which  may  be  effected  by  an  alert  management  by  the  introduction 
of  suitable  labor-saving  machinery.  This  plant  in  its  unimproved 
state  did  not  differ  materially  from  the  common  old-fashioned  ar- 
rangement of  a  low,  outside  railway  trestle  under  which  coal  was 
stored,  then  wheeled  and  shovelled  into  the  boilers  by  the  usual  regi- 
micnt  of  firemen.  Fifty  thousand  tons  of  coal  are  burned  annually, 
and  the  up-to-date  coal-handling  system,  consisting  of  a  standard 
arrangement  of  track  hopper,  feeder,  crusher,  conveying  machinery, 
overhead  storage  bunker  and  stokers,  has  already  led  to  a  saving  in 
labor  of  $i,ooo  per  month,  or  24  cents  on  every  ton  of  coal  handled. 
The  fire-room  staff  has  not  yet  been  cut  down  to  meet  entirely  the 
present  conditions,  so  a  still  further  saving  will  finally  be  accom- 
plished. 4 
Instead  of  leading  the  spouts  directly  to  the  stokers,  undercut 
gates  may  be  provided  for  discharge  into  one  or  more  movable  weigh- 
ing hoppers  suspended  from  a  track  directly  beneath  the  bunker. 
This  gives  a  convenient  check  on  the  amount  of  coal  burned  for  anv 
pet-iod,  and  is  a  convenience  also  in  drawing  coal  from  any  portion 
of  the  bunker  for  bo'l^rs  beneath  an  empty  section. 


THE  STEAM  TURBINE  AND  THE  RECIPROCATING 
ENGINE  FOR  MARINE  PROPULSION. 

By  Ira  N .  Mollis. 

In  two  preceding  articles,  published  in  our  April  and  May  issues,  Prof.  Hollis  reviewed 
the  history  of  the  design,  manufacture  and  installation  of  the  low-pressure  steam  turbine, 
and  discussed  its  economic  importance  as  an  adjunct  to  reciprocating  engines  in  stationary 
steam  plants.  This  second  phase  of  his  argument  is  broadened  to  include  generally  the 
entire  question  (most  interesting  at  present)  of  the  turbine  in  marine  service,  either  in 
competition  or  in  combination  with  engines  of  the  older  type.  The  present  installment  is 
concerned  with  examples  and  a  concluding  portion  next  month  will  formulate  deductions. — 
The  Editors. 
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HE  use  of  steam  for  marine  propulsion  lias  grown  by  a  series 
f  of  rapid  advances  followed  by  long  seasons  of  slow  develop- 
ment in  the  perfection  of  details.  The  successive  stages  have 
been  the  paddle  wheel  with  the  simple  reciprocating  engine ;  then, 
the  screw  propeller  with  the  simple  engine,  the  compound  and  mul- 
tiple-expansion engines,  and,  finally,  the  steam  turbine.  Ocean 
speeds  have  steadily  increased  as  the  weight  of  machinery  and  the 
consumption  of  coal  per  horse  power  have  been  reduced.  The  im- 
practicability of  maintaining  high  speed  with  simple  engines  was 
demonstrated  in  the  pioneer  of  the  ocean  greyhounds  forty-four 
years  ago,  in  the  steam  trial  of  the  Wampanoag.  She  was  originally 
designed  to  run  down  commerce  destroyers  like  the  Alabama,  and 
for  that  purpose  she  had  great  speed  under  steam  and  in  addition 
full  sail  power  for  keeping  the  sea  without  recoaling.  Her  hull  was 
entirely  of  wood.  The  main  engines  were  geared  to  the  propeller 
shaft  in  a  ratio  of  i  to  2.04  by  means  of  enormous  wood-toothed 
spur  wheels.  There  were  two  horizontal  engines  with  cranks  at  right 
angles  and  cylinder  100  inches  in  diameter  by  48  inches  stroke.  The 
steam  pressure  was  32  pounds.  Although  it  is  doubtful  if  the  ship 
could  have  been  used  for  extended  cruising,  on  account  of  the  combi- 
nation of  great  weight  of  machinery  with  a  wooden  hull,  nevertheless 
she  made  a  record  speed  for  ocean  craft  which  was  twenty  years  in 
advance  of  her  time.  On  a  trial  trip  lasting  37/2  hours,  she  aver- 
aged 16.71  knots  an  hour,  reaching  during  one  hour  the  unparalleled 
speed  of  17.75  knots.  There  was  much  controversy  over  the  ship, 
but  there  is  little  doubt  of  the  racking  effect  of  the  machinery  and 
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the  general  behavior  of  the  gear  wheels,  which  are  said  to  have 
worn  excessively.  Still,  the  design  and  construction  of  such  a  ship 
was  a  great  achievement  and  the  use  of  gearing  was  the  only  correct 
solution  of  high  speed  with  a  wooden  hull  and  a  screw  propeller.  She 
was  taken  to  the  Navy  Yarcf  at  New  York  as  unsuitable  for  cruising 
and  there  rotted  away. 

The  improvement  in  materials  and  the  increase  of  piston  speed 
made  possible  in  iron  hulls  gradually  reduced  the  weight  of  machin- 
ery per  horse  power  and  brought  into  existence  the  well  known 
triple-expansion  engine  which  has  become  a  standard  type.  One  of 
the  most  interesting  exhibits  at  the  Engineering  Congress  at  die 
World's  Fair  in  1893  was  a  drawing  of  the  Powhatan's  engines  along- 
side of  one  showing  the  latest  designed  engines  for  a  torpedo  boat. 
They  were  both  to  the  same  scale,  and  the  change  wrought  in  forty 
years  was  strikingly  shown  at  a  glance.  The  relative  weights  of 
machinery,  including  engines,  boilers,  water,  and  everything  charge- 
able to  propulsion  under  steam,  was  972  pounds  per  horse  power 
for  the  Powhatan  and  56  pounds  per  horse  power  for  the  torpedo 
boat.  The  latter  does  not  represent  the  weight  of  machinery  charge- 
able to  propulsion  for  large  war  vessels  or  merchant  ships  which  are 
expected  to  make  long  voyages  in  our  day.  It  is  from  200  to  400 
pounds  per  horse  power,  depending  much  upon  the  amount  of  forced 
draught  used  in  the  production  of  steam. 

The  steam  turbine,  dating  back  only  fifteen  years,  is  now  rapidly 
taking  the  place  of  the  triple-expansion  engine  for  many  classes  of 
ships.  Perhaps  the  most  interesting  phase  of  ocean  navigation  today 
relates  to  the  struggle  between  the  highly  perfected  triple-  and  quad- 
ruple-expansion engine  and  the  steam  turbine.  Each  seems  to  be 
occupying  a  definite  field,  the  latter  for  war  vessels  and  high-speed 
merchant  ships,  and  the  former  for  all  kinds  of  moderate-speed  craft. 

The  multiple-expansion  engine  has  been  designed  for  all  horse 
powers  up  to  nineteen-thousand  in  one  unit — and  for  all  sizes  of 
vessels.  It  represents  the  progress  of  one  century  in  steam  naviga- 
tion. Its  ready  adaptation  to  twin  screws  had  made  it  practically 
universal  for  the  Atlantic  service,  and  a  reasonably  high  piston  speed 
together  with  great  range  of  expansion  had  reduced  the  coal  con- 
sumption to  a  minimum  for  long  voyages.  Nevertheless,  it  had 
reached  its  practical  limit  as  to  size  and  economic  performance  under 
existing  design  when  the  two  great  turbine  ships  of  the  Cunard 
Company  were  built.  In  making  a  comparison  between  the  two  ma- 
chines, however,  it  is  well  to  remember  that  the  multiple-expansion 
marine  engine  has  not  kept  pace  with  the  best  stationary  practice  in 
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regard  to  economy.  There  is  still  room  for  gain,  and  the  steam 
engines  which  the  turbine  is  replacing  may  develop  unexpected 
qualities  under  sharp  competition. 

The  modern  reciprocating  engine  for  marine  purposes  has  been 
standardized  into  two  types:  i,  three-cylinder  triple-expansion  en- 
gines for  moderate  piston  speeds  and  low  power ;  2,  four-cylinder 
triple-expansion  engines  for  high  piston  speed  and  large  power. 
Both  types  usually  have  piston  valves  on  the  high  and  intermediate 
cylinders,  with  double-ported  slide  valves  on  the  low-pressure  cylin- 
der. Common  practice  is  tending  toward  slide  valves  for  the  inter- 
mediate cylinders,  especially  for  small  powders.  In  all  the  cylinders 
the  stroke  is  relatively  short  and  the  percentage  of  clearance  is  large ; 
so  that  the  economy  is  not  what  might  be  attained  with  gridiron  or 
Corliss  valves.  While  engineers  have  very  generally  agreed  upon 
the  mechanical  parts  of  these  engines,  there  is  nothing  like  the  same 
consensus  of  opinion  on  the  steam  jacket.  Its  use  is  of  very  doubtful 
benefit  for  marine  purposes,  although  it  has  not  by  any  means  been 
given  up,  especially  for  cruising  ships.  The  difficulty  in  the  case  lies 
in  the  abnormal  shape  of  the  cylinders,  which  are  relatively  short  in 
comparison  with  the  diameter.  Thus,  with  the  ordinary  design  of 
engines,  the  jacket  is  questionable;  under  the  actual  conditions  of 
running  the  operation  of  the  jacket  is  seldom  satisfactory.  It  is 
often  too  poorly  drained  to  be  effective  and  the  complication  required 
to  keep  it  in  efficient  working  order  is  a  trial  to  the  engineer.  Super- 
heated steam  is  rare,  although  in  some  cases  it  has  been  successfully 
used,  particularly  where  the  superheat  is  moderate.  Inasmuch  as  the 
cylinder  must  be  oiled  for  steam  of  high  temperature  to  prevent  cut- 
ting, it  is  doubtful  if  the  gain  would  be  worth  the  complication  neces- 
sary. Oil  is  a  breeder  of  trouble  to  the  ordinary  Scotch  boiler,  and 
engineers  have  practically  dispensed  with  it  on  all  internal  surfaces 
of  vertical  engines ;  therefore,  high  temperature  is  dangerous.  It 
is  said  that  superheated  steam  can  be  used  with  a  small  amount  of 
graphite  in  the  cylinders  and  periodical  wiping  with  vaseline.  One 
of  the  possible  improvements  in  the  marine  engine  would  be  the  use 
of  reheaters  in  the  receivers  and  the  wonder  is  that  they  have  not 
been  fully  tested.  A  small  amount  of  superheat  so  that  the  steam 
might  reach  the  high-pressure  cylinder  perfectly  dry,  followed  by 
enough  reheating  in  the  receivers  to  send  superheated  heat  into  the 
intermediate  and  low-pressure  cylinders,  ought  to  yield  a  very 
sensible  gain.    The  drains  could  be  sent  back  to  the  boilers  by  pumps. 

The  steam  pressure  has  gradually  mounted  to  something  over  200 
pounds    per   square    inch    for  quadruple-expansion    engines,   but   it 
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would  be  difficult  to  state  exactly  the  gain.  It  is  not  even  possible 
to  state  the  advantage  of  the  quadruple-  over  the  triple-expansion 
engine.  When  the  large  size  of  the  additional  cylinder  needed  to 
get  the  benefit  of  great  range  of  expansion  is  considered  and  the 
consequent  increase  in  cost  of  maintenance  is  taken  nito  account, 
the  gain  is  decidedly  questionable.  As  a  matter  of  fact,  the  four- 
cylinder  triple-expansion  engine  is  at  present  the  most  satisfactory 
and,  taking  everything  into  consideration,  the  most  economical  for 
general  use.  The  four-cylinder  has  replaced  the  three-cylinder  type 
for  several  reasons.  It  divides  the  low-pressure  cylinder  into  two, 
it  occupies  less  space  athwartship,  and  above  all  other  considerations, 
it  lends  itself  to  much  better  balance  of  reciprocating  parts.  With  the 
ordinary  arrangement  of  the  two  low-pressure  cylinders  on  the  ends 
and  the  other  two  between  them,  the  balance  adopted  in  the  Navy, 
or  the  Yarrow-Schlick-Tweedy  arrangement  of  cranks  is  fairly  satis- 
factory. In  many  cases  the  vibration  of  the  ship  from  lack  of  balance 
is  more  apparent  than  real.  The  throb  of  the  propeller,  especially  if 
the  top  is  near  the  surface,  and  the  pounding  of  the  main  journals, 
are  likely  to  disturb  one  more  than  the  vibration  in  the  case  of  well 
designed  engines.  The  propellers  for  these  engines  are  usually 
fairly  large  in  diameter  and  have  a  coarse  pitch  requiring  anywhere 
from  80  to  160  revolutions  per  minute,  depending,  of  course,  on  the 
size  and  speed  of  the  ship.  The  condensers  are  now  generally  built 
with  a  cylindrical  shell  and  do  not  form  part  of  the  engine  support 
as  in  the  early  years  of  the  vertical  engine.  The  circulating  pump 
is  of  the  centrifugal  type  and  the  air  pump  is  the  usual  vertical, 
direct-acting  pump  of  two  cylinders.  For  large  powers  it  is  almost 
always  separate  from  the  main  engine  so  that  a  vacuum  may  be 
obtained  without  moving  the  main  pistons.  As  before  stated,  this 
is  the  type  of  engine  which  is  being  replaced  by  the  steam  turbine 
for  high-speed  ships.  It  has  its  place  however  and  will  probably  be 
used  for  many  years  to  come. 

The  history  of  the  steam  turbine  is  too  recent  and  too  well-known 
to  require  extended  comment  in  a  short  paper.  Its  application  to 
the  propulsion  of  ships  was  self-evident  after  the  practical  operation 
of  the  first  Parsons  turbine  in  1884,  but  its  actual  use  in  a  vessel 
did  not  come  until  1894.  In  that  year  The  Marine  Steam  Turbine 
Company  was  formed  and  the  Turbinia  was  built  for  the  purpose 
of  trying  out  the  Parsons  turbine  at  sea.  The  first  trial  occurred 
on  November  14,  1894,  and  many  trials  followed  during  the  next 
two  years.  The  principal  problem  w^as  the  adaptation  of  the  screw 
propeller  to  the  high-speed  turbine.     A  single  shaft  was  first  fitted, 
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ARRANGEMENT    OF    PARSONS    TURBINES    FOR  TRIPLE- SCREW   TORPEDO   DESTROYER. 

but  this  was  changed  to  three  shafts  carrying  in  all  nine  propellers. 
The  boat  was  only  lOO  feet  in  length  and  9  feet  beam.  When  tested 
in  April,  1897,  she  made  the  astonishing  speed  of  32.76  knots  for  a 
short  time  with  the  propellers  revolving  2,000  and  2,230  times  per 
minute.    The  feed-water  consumption  was  28.8  pounds  per  estimated 
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ROTOR   AND   CASE^    PARSONS    TYPE    STEAM     TURBINE. 

The  upper  view  shows  the  low-pressure  rotor  and  top  half  of  high-pressure  case.     The  lower 
shows   the   high-pressure   rotor   in   its   bottom   case. 

horse  power  and  the  weight  of  all  machinery  and  boilers  chargeable 
to  propulsion  was  22.40  pounds  per  horse  power.  This  figure  for 
weight  is  far  lower  than  anything  attainable  in  large  ships  or  even 
torpedo  boats.  The  Turbinia  was  hardly  more  than  a  racing  machine 
built  for  demonstrating  the  adaptability  of  turbines  to  marine  pro- 
pulsion at  that  speed.     She  did  this  admirably,  and  the  matter  was 


THE   MARINE   STEAM    TURBINE. 


631 


taken  up  by  the  British  Admiralty  with  a  view  to  buildi.ig  some 
torpedo  destroyers.  The  Viper  and  Cobra  followed  in  1898.  The 
arrangement  of  the  turbines  was  changed  to  four  shafts  and  the 
turbines  were  connected  in  what  has  become  a  standard  method  for 
the  Parsons  turbine.  The  outer  shaft  and  screw  on  each  side  was 
driven  by  a  high-pressure  turbine  and  each  inner  screw  by  a  low- 
pressure  turbine  taking  the  exhaust  from  the  high-pressure  nozzle. 


CASING     AND     ROTOR,     SHOWING     BACKING     RINGS,     FOR     CURTIS     TURBINE     OF     THE 

NORTH     DAKOTA. 

The  arrangement  on  the  Turbinia  was  quite  different,  as  there 
the  turbines  formed  the  three  elements  of  a  triple-expansion  engine. 
A  high-pressure  turbine  on  the  starboard  side  took  steam  direct  from 
the  boiler ;  from  there  the  steam  exhausted  into  an  intermediate 
turbine  on  the  port  side,  and  then  it  passed  into  a  low-pressure  tur- 
bine connected  to  the  middle  screw.  The  past  ten  years  have  yielded 
differences  in  the  location  and  arrangement  of  the  turbines,  but  the 
three-  and  four-shaft  types  have  remained  as  perhaps  the  best  for 
the  Parsons    turbine. 

In  the  American  torpedo  destroyers,  now  building,  the  three- 
shaft  type  is  adopted,  but  the  high-pressure  turbine  drives  the  central 
propeller  while  the  two  low-pressure  turbines  drive  the  wing  pro- 
pellers. This  is  well  shown  in  the  pictures.  The  backing  discs  are 
in  the  casing  of  the  low-])ressure  turbines. 

The  trial  of  the  Viper  broke  all  records  of  speed  on  the  water. 
She  made  36.581  knots  for  one  hour,  or  about  42  statute  miles,  on 
1,180  revolutions   per  minute.     It   is   probable   that   too  much   was 
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sacrificed  to  mere  speed  in  these  two  torpedo  destroyers,  but  the 
success  of  the  Parsons  turbine  for  marine  propulsion  was  conclu- 
sively demonstrated.  It  only  remained  to  apply  it  to  merchant  ships. 
This  was  done  in  the  King  Edward,  built  by  W.  Denny  &  Bros, 
in  1 90 1.  She  was  of  the  three-screw  type  with  turbines  exactly  as 
in  the  American  torpedo  destroyers.  The  advantage  of  this  arrange- 
n^ent  is  perfectly  plain  when  reversing  is  considered.  Inasmuch  as 
the  steam  turbine  is  not  reversible,  a  second  set  of  turbines,  one  on 
each  wing  shaft,  is  carried.  They  are  placed  for  convenience  on  the 
vacuum  end  of  the  low-pressure  turbine  and  within  the  same  casings ; 
therefore,  they  revolve  free  in  a  medium  of  low  density.  They  are 
much  lighter  than  the  go-ahead  turbines,  having  fewer  stages,  as 
econoni}^  of  operation  does  not  have  to  be  considered. 


ROTOR    FOR    CURTIS    TURBINE    OF    NORTH     DAKOTA ;    BACKING  RING   IN   FRONT. 

The  trial  of  the  King  Edward  gave  a  speed  of  20.48  knots,  and 
an  estimate  was  made  to  show  that  she  would  not  have  done  as  well 
with  reciprocating  engines.  This  estimate  was  necessarily  unreliable. 
Nevertheless,  the  turbine  had  proven  its  capacity  to  develop  a  satis- 
factory speed  on  moderate  coal  consumption.  The  Queen  Alexandra 
followed  in  1902,  and  the  Queen  for  the  Dover-Calais  service  in  1903. 
As  the  latter  was  designed  for  a  very  short  run,  she  was  tested  before 
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acceptance  for  her  manoeuvering  qualities.  She  made  21.73  knots 
when  running  full  power  ahead,  and  from  a  speed  of  19  knots  ahead 
she  was  brought  to  a  dead  stop  in  one  minute  seven  seconds  in  two 
and  a  half  times  her  length.  She  also  made  12.95  knots  when  steaming 
full  power  astern. 


SHOWING    METHOD    OF    BLADING    CURTIS     TURBINE. 
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The  steam  turbine  was  thus  fairly  launched  in  1903,  and  it  has 
gone  from  one  triumph  to  another,  culminating  in  the  two  great 
Cunard  liners,  Lusitania  and  Mauretania.  These  ships  have  been 
described  so  well  in  London  Engineering  for  1907  that  anything 
more  than  a  brief  reference  to 'their  dimensions  would  be  superfluous 
here.  They  have  a  displacement  of  about  38,000  tons,  a  horse  power 
of  68,000  on  four  shafts,  and  a  speed  of  25  knots.  The  two  wing 
propellers  are  driven  by  high-pressure  turbines  and  the  two  central 
propellers  by  low-pressure  turbines.  Astern  turbines  in  their  own 
casings  are  placed  on  the  forward  end  of  the  two  central  shafts.  The 
speed  of  the  propellers  is  about  180  revolutions  per  minute,  as  com- 
pared with  80  for  large  ships  driven  by  reciprocating  engines.  These 
ships  have  fulfilled  all  the  expectation  of  their  builders  and  have  once 
for  all  established  the  steam  turbine  on  a  firm  footing  as  a  reliable 
and  economical  method  of  driving  ships  at  high  speed.  The  record 
of  a  voyage  during  November  1907  gives  a  steam  consumption  of 
15.35  pounds  per  shaft  horse  power  for  all  purposes,  and  a  coal  con- 
sumption of  1.5  pounds  per  shaft  horse  power.  This  represents, 
at  24^  knots,  o.ii  pounds  of  coal  per  ton  displacement  per  knot. 
A  discussion  as  to  whether  these  ships  would  have  been  possible  with 
triple-  or  quadruple-expansion  engines  becomes  more  or  less  aca- 
demic when  the  enormous  jump  ui  power  made  by  using  the  turbine 
in  them  is  contemplated.  They  contain  nearly  double  the  horse 
power  previously  placed  in  one  hull.  Yet,  there  is  no  reason  why 
reciprocating  engines  should  not  have  accomplished  quite  as  much 


BLADING    FOR    TURBINE    OF    NORTH    DAKOTA. 


THE   MARINE   STEAM    TURBINE. 


6.15 


FIXED    BLADES     FOR     TURBINE     OF     THE     NORTH     DAKOTA. 

on  four  screws  except  as  to  economy  of  space,  and  perhaps  as  to 
economy  of  coal. 

Besides  the  Parsons  turbine  which  now  occupies  ahnost  the  entire 
field,  and  the  Curtis  which  is  fast  becoming  a  competitor,  there  are 
two  other  types,  the  Zoelly  and  the  Rateau,  that  may  be  developed 
into  successful  marine  types.  The  last  named  has  been  tried  and  the 
results  published  by  Mr.  Rateau,  but  its  use  on  a  large  scale  is  still 
in  the  future. 

In  the  United  States,  the  steam  turbine  has  been  slower  of 
adoption  than  might  have  been  expected,  but  the  Parsons  turbine 
has  been  put  into  several  merchant  ships.  The  Curtis  turbine  as 
built  by  the  Fore  River  Shipbuilding  Company  has  been  successfully 
used  in  one  merchant  ship,  and  in  the  scout  cruiser  Salem,  whose 
record  has  on  the  whole  been  very  creditable.  The  battleship  North 
Dakota  is  also  to  have  Curtis  turbines  w^hich  are  now  completed 
ready  for  installation.  One  advantage  of  this  turbine  is  the  lower 
rotative  speed  than  the  Parsons.  It  is  thus  more  easily  fitted  to  turn 
large  screws  and  it  should  be  better  adapted  to  low-speed  ships.  Its 
efficiency  in  coal  consumption  has  not  yet  been  fully  worked  out, 
but  there  is  no  reason  why  it  should  not  do  as  well  as  the  recipro- 
cating engine  at, full  power.  If  the  results  obtained  in  large  power 
stations  on  shore  can  be  taken  as  a  guide,  it  should  do  better. 


MODERN  LIGHT  SOURCES  AND  INDUSTRIAL 

LIGHTING. 

By  H.  Thurston  Oivcns.  * 

SINCE  the  advent  of  illuminating  engineering  as  a  distinct  branch 
of  applied  science,  much  has  been  accomplished  and,  as  might 
be  expected,  a  number  of  popular  misconceptions  have  been 
righted.  The  subject  contains  many  pitfalls  for  the  unwary,  especially 
as  the  majority  have  not  as  yet  assimilated  the  somewhat  hazy 
nomenclature  incidental  to  a  new^  art. 

As  far  as  the  gas  interests  of  the  United  States  are  concerned,  the 
candle  power  of  gas  refers  to  the  intensity  in  a  horizontal  direction 
of  gas  burned  in  a  standard  burner,  as  compared  with  a  standard 
candle  or  its  equivalent.  Upright-mantle  burners  are  measured  and 
rated  in  the  same  manner.  An  upright-mantle  burner  of  60  candle 
power  and  consrmiing  5  cubic  feet  of  gas  per  hoin*,  has  an  efficiency 
of  12  candle  power  per  foot,  in  a  horizontal  direction.  An  inverted- 
mantle  burner  gives  its  maximum  intensity  directly  underneath,  and 
it  is  rated  according  to  the  reading  taken  at  that  point,  called 
*'Nadir."  Therefore,  an  inverted-mantle  lamp  of  80  candle  power, 
burning  3  cubic  feet  of  gas  per  hour,  has  an  efficiency  of  26.6  candle 
power  per  foot,  in  a  downward  direction.  An  inverted-mantle  arc 
lamp,  however,  gives  its  maximum  intensity  at  some  30  degrees  below 
the  horizontal,  and  its  efficiency  based  upon  this  maximum  would  be 
of  still  dififerent  character.  The  same  conditions  exist  in  the  various 
types  of  electric  lamps.  It  is  evident  that  the  ratings  as  given  are  none 
of  them  comparable  and  matters  are  often  complicated  still  further 
when  measurements  are  made  with  lamps  equipped  with  reflectors. 

In  interior  lighting  we  utilize  the  light  given  in  all  directions, 
and  if  it  becomes  desirable  to  compare  the  efficiencies  of  sources 
having  widely  different  characteristics,  it  can  readily  be  done  by 
rating  them  according  to  their  mean  spherical  candle  power.  This 
is  the  average  value  of  the  light  in  all  directions  and  bears  no 
relation  to  the  average  value  of  all  of  the  light  from  a  standard 
candle. 
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Tablk  I.     Showing  Maximum   and  Mean   Spherical  Candle   Power  or 

Various  Light  Sources. 

Maximum  Reduction  Efficiency 

C.P.  factor.  M.S.C.P.      Consumption.    M.S.C.P. 

Gas  Lamps.  per  foot. 

Open  gas  flame 22.5  .955  21  5.0  4.02 

Upright  mantle 83  .759  63  3.7  17. 02 

inverted  mantle 80  .675  54  3.0  18.00 

Upright  arc 360  .738  266  197  ^ZS^ 

Inverted  arc 473  .655  310  16.2  19.13 

Watts  per 
Electric  Lamps.  M.S.C.P. 

Carbon    16  .825  13.2  55  4.16 

Tungsten    48  .763  36.6  60  1.63 

Direct-Current  6  Am- 
pere Arc...    600  .355  213.0  600  2.81 

The  efTficiency  of  a  light  source  can  hardly  be  called  a  determining 
factor  for  its  selection  until  we  group  a  number  of  them  of  very 
similar  characteristics  as  regards  distribution.  When  this  has  been 
done  we  can  readily  obtain  a  comparison  of  value.  The  mean  lower 
hemispherical  candle  power  has  been  suggested  as  a  rating,  but  this 
means  that  we  neglect  the  light  emanating  from  all  angles  above  the 
horizontal,  and  the  cases  where  this  factor  can  be  neglected  are  de- 
cidedly few  in  number. 

Color. — The  color  factor  has  two  characteristics,  one  being  that 
the  energy  required  by  a  person  to  enable  him  to  see  is  greater  or 
less  according  to  the  color  of  the  light,  and  further  an  object  of  a 
decided  color  will  reflect  more  light  from  a  source  of  similar  color 
than  one  of  different  color  value. 

Many  illuminants  have  been  advertised  as  being  the  equivalent 
of  ''daylight"  and  others  "sunlight,"  but  only  two  in  commercial  use 
even  approximate  the  former  standard.  The  value  of  this  quality  is 
little  understood,  and  except  for  the  matching  of  colors  is  not  alto- 
gether desirable.  Daylight  is  a  very  cold  light,  and  sources  which  are 
similar,  namely,  the  Moore  carbon-dioxide  tube  and  direct-current 
carbon  arc,  are  suitable  only  for  mercantile  purposes.  None  of  the 
smaller  units  has  a  color  value  near  daylight,  and  their  nearness  to 
this  value  is  given  by  Dr.  H.  E.  Ives'^  as  follows: — i  Welsbach 
mantle ;  2  tungsten  incandescent ;  3  Nernst  glower ;  4  acetylene  flame ; 
5  gem ;  and  6,  carbon  incandescent. 

Reflection. — The  most  important  factor  in  illumination  is  reflec- 
tion, as  the  greater  the  reflection  the  greater  will  be  the  economy. 
Conversely,  the  greater  the  absorption  the  greater  will  be  the  expense. 
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FIG.    2.       OFFICE    LIGHTING    BV    NERNST    LAMPS. 


Light  emanating  from  a  source  in  the  form  of  waves  is  absorbed  and 
reflected  by  all  objects  in  its  path,  and  the  amount  absorbed  plus  the 
amount  reflected  equals  the  amount  received  by  the  object.  The 
amount  absorbed  is  lost,  while  the  amount  reflected  determines  the 
ease  with  which  we  discern  objects. 

Reflection  is  of  two  kinds,  regular  and  diffuse,  although  in 
practice  there  is  always  some  diffuse  reflection.  In  the  former  case 
light  will  be  reflected  from  a  perfectly  smooth  surface,  provided  it  is 
opaque,  at  an  angle  which  is  equal  to  the  angle  of  incidence.  The 
application  of  this  law  may  be  readily  seen  in  the  various  types  of 
reflectors  in  commercial  use. 

Light-Reflection. — When  the  object  which  receives  the  light  is 
translucent,  or  in  other  words,  is  of  such  character  as  will  permit 
some  of  the  light  to  pass  t)i rough,  whether  we  can  see  through  it 
•clearly  or  not  (being  in  the  former  case  transparent),  the  direction  of 
the  light  rays  which  pass  through  the  material  will  be  altered.  This 
is  called  ''refraction,"  and  the  direction  which  the  light  will  take  can 
be  arranged  for  in  the  design  of  the  enclosing  globe.  One  point  must 
always  be  remembered,  however,  and  that  is  that  with  whatever 
type  we  use  there  will  always  be  a  loss  due  to  absorption. 
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FIG.    3.       WESTINGHOUSE    ALTERNATING-CURRENT    MULTIPLE    ARC    LAMPS. 


Distribution  of  Light. — None  of  our  modern  light  sources 
should  be  used  without  some  type  of  globe  which  cuts  down  the 
intrinsic  brilliancy,  and  by  selecting  the  proper  type  of  globe  we  can 
materially  increase  the  amount  of  light  in  a  direction  where  it  is. 
required.  In  choosing  the  type  of  shade  or  globe  we  have  three 
factors  to  deal  with  in  the  globe  itself — reflection,  refraction,  and 
diffusion — and  all  three  are  to  be  met  with  in  all  reflectors  which  are 
not  opaque ;  in  the  latter  case  there  will  only  be  two,  reflection  and 
diffusion. 

The  first  class  includes  glass  and  porcelain  ware,  thin  papers,  and 
silks,  and  the  second,  mirrored  glass  and  painted  or  polished  metals. 

Globes  and  Reflectors. — To  within  comparatively  recent  years 
globes  and  reflectors  were  designed  chiefly  for  ornament  and  but  little 
attention  was  paid  to  the  distribution  of  the  light.  If  we  take  for 
example  the  globes  used  for  open-flame  gas  burners,  we  find  not  only 
that  they  obstruct  a  large  portion  of  the  light,  but  also  that  they  da 
not  fulfil  their  really  useful  purpose  of  steadymg  the  light.  Upon  the 
mtroduction  of  incandescent  electric  lamps  a  somewhat  similar  globe 
was  usually  provided,  but  with  worse  results  than  in  the  case  of  gas 
lamps,  because  they  were  not  needed  to  steady  the  light,  but  they 
were  needed  to  diffuse  it  and  they  rarely  accomplished  this  result. 
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TIic  selection  of  an  i  luminant  shonld  be  made  with  proper  regard 
for  the  eyes  of  the  i)ersons  who  are  to  nse  the  Hght,  but  straiige  to 
sa}  this  has  not  been  common  practice.  We  hear  many  complaints 
regarding  defective  eyesight  due  to  electric  light,  but  by  exercising  a 
reasonable  amount  of  care  and  foresight  these  troubles  can  be 
avoided.  Electric  arc  and  incandescent  lamps  and  mantle  gas  lamps 
should  be  covered  with  some  type  of  diffusing  glassware,  unless  the 
sources  are  placed  high  and  well  out  of  the  line  of  ordinary  vision. 

Office  Lightinc. — In  large  offices  where  it  is  likely  that  desks 
will  be  shifted  considerably,  it  is  good  practice  to  provide  for  general 
illumination  only,  as  in  the  case  shown  in  Figure  2.  The  lamps  in 
this  case  are  of  the  Nernst  type,  equipped  with  light  opal  globes ; 
they  have  a  low  intrinsic  brilliancy  and  a  pleasing  color. 

The  objection  to  lighting  arrangements  in  offices  where  only 
lamps  for  general  lighting  are  provided  lies  in  the  fact  that  the  light 
has  no  direction,  with  the  consequent  loss  of  shadows. 

Reading  Lamps. —  When  individual  lamps  are  provided  they  are 
quite  generally  of  too  high  candle  powder  and  are  rarely  located  so 
that  the  light  comes  from  behind  and  above.  In  small  rooms  the 
reading  lamp  can  be  placed  upon  the  central  chandelier  and  thus 
light   the   room   as   well.      In   large   rooms,    where    desk    lighting   is 


FIG.    4.       PIERCE    AUTOMOBILE    WORKS.    BUFFALO.    N.     V.,    LIGHTED    BY    COOPER- HEWITT 

MERCURY-VAPOR    LAMPS. 


FIGS.   5   AND  6.     ILLUMINATION   BY   INVERTED   MANTLE   GAS    LAMPS. 
The   Welsbacli   Company. 
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provided,  there  should  al\va\s  be  lamps  f(jr  j^eneral  illuniinatifjii,  hut 
of  low  intensity. 

Industrial  Lighting. — In  the  lighting  of  factories  and  work- 
shops the  question  of  least  im])ortance,  as  far  as  economical  operati(jn 
is  concerned,  is  the  type  of  illuminant  to  be  used.  The  essential  feature 
is  the  location  and  the  equipment  of  the  light  sources. 


FIG.    7.       GAS-ARC    LIGHTING    INSTALLATION     IN    AN    AUTOMOBILE    SHOP. 
The   General   Gas    Light   Co. 

General  illumination  should  always  be  provided  by  means  of 
lamps  hung  close  to  the  ceiling  and,  wherever  practicable,  walls  and 
ceilings  should  be  light  in  color,  as  the  amount  of  illumination  on  the 
working  plane  will  be  from  25  per  cent  to  50  per  cent  greater  than  in 
dark-colored  rooms. 

The  assembling  room  illustrated  in  Figure  i  is  a  good  example 
of  sufficient  general  illumination  for  all  purposes.  A  high  suspension 
always  tends  toward  a  more  uniform  distribution,  which  is  especially 
desirable  on  account  of  the  large  pieces  of  apparatus  handled  in  this 
case.    The  lamps  here  are  enclosed  arcs  with  special  oval  outer  shade, 
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FIG.    8.       FLAMING    ARC    LAMPS    INSTALLED    FOR    LIGHTING    THE    GORLITZER    STATION, 

BERLIN. 
Chas.    L.    Kiewert   Company. 

which  throv/s  most  of  the  hght  against  a  corrugated  metal  reflector, 
acting  as  an  excellent  diffusing  surface.  In  large  buildings  where 
the  ventilation  is  good  the  flaming  type  of  arc  lamp  can  be  used  to 
advantage,  but  they  are  not  as  steady  and  require  much  greater 
attention. 


FIG.    9.       LIGHTING'BY    RAMSDELL    INVERTED    GAS    ARC    LAMPS. 
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In  workshops  with  cciHngs  of  ordinary  height  and  with  a  ^argc 
number  of  machines,  such  as  the  one  shown  in  Figure  3,  a  larger 
number  of  smaller  units  would  probably  be  more  satisfactory  than  the 
arc  lamps  which  are  shown. 

Tungsten  Lamps. — This  is  a  field  where  the  tungsten  type  could 
be  used  to  advantage  were  it  not  for  the  fact  that  at  the  present 
time  the  filaments  are  far  too  fragile.  As  these  are  being  continually 
improved  the  time  is  not  far  distant  when  they  may  be  so  used. 

Mercury- Vapor  Lamps. — There  is  another  type  of  the  so-called 
"high-efficiency"  electric  lamp  which  operates  upon  about  0.5  watts 
per  candle — the  mercury-vapor  lamp.  Where  there  is  much  moving 
machinery,  as  in  the  case  shown  in  Figure  4,  the  troubles  from 
annoying  shadows  are  considerably  reduced.  The  principal  value  of 
this  lamp  lies  in  its  peculiar  color,  a  peculiar  green,  very  unpleasant  at 
first,  but  owing  to  the  absence  of  red  rays  details  are  very  clearly 
brought  out.  This  is  most  important  in  cloth  mills  where  imperfec- 
tions may  be  readily  detected. 

Flaming-Arc  Lamps. — In  lighting  large  areas,  both  interior  and 
exterior,  where  a  high  suspension  is  possible,  the  flaming  arc  lamp  is 
a  most  satisfactory  and  efficient  illuminant.  An  instance  of  this  kind 
is  illustrated  in  Figure  8,  being  a  railroad  terminal  and  yards  in 
Berlin,  Germany. 

Gas  Lighting. — All  the  advantages  of  electric  lighting,  and 
usually  at  a  decreased  cost,  can  be  obtained  with  gas  lamps.  It  is 
essential,  however,  that  the  lamps  be  maintained  properly  and  this 
should  be  done  wherever  possible  by  workmen  in  the  employ  of 
either  gas  companies  or  gas  maintenance  companies.  With  the 
inverted  type  20  candle-power  lamps  consuming  only  one  foot  an 
hour,  and  with  the  larger  sizes,  several  hundred  candle  power  can  be 
obtained.  This  type  of  lamp,  shown  in  Figure  9,  requires  more 
delicate  adjustment  and  slightly  higher  pressure  than  the  upright, 
but  if  properly  maintained  should  give  better  satisfaction.  Wliere 
neither  gas  nor  electricity  is  available  acetylene  plants  can  be  in- 
stalled with  much  less  danger  from  explosion  than  has  formerly  been 
the  case  with  this  illuminant,  and  it  is  the  best  substitute  at  hand. 

The  type  of  gas  lamp  which  has  proven  most  satisfactory  for 
general  illumination  is  the  gas  arc,  as  shown  in  Figure  7,  in  this  case 
being  of  the  upright  type.  That  they  are  not  subject  to  troubles  from 
dust  is  evidenced  by  the  installation  illustrated,  showing  a  plant  where 
automobile  bodies  are  manufactured. 
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Special  Work. — For  special  work  it  is  important  that  a  lamp  be 
equipped  with  a  reflector,  so  as  to  protect  the  eyes  of  the  workman 
from  the  direct  rays  and  throw  the  light  where  it  is  required. 
Reference  to  the  subject  of  shading  our  eyes  from  the  glare  of  our 
modern  light  sources  is  made  again,  as  it  is  the  worst  feature  of  our 
present  lighting  systems.  The  gas  lamps  shown  in  Figures  5  and  6 
are. well  adapted  for  the  purpose  at  hand,  being  small  units  located 
where  the  light  will  be  thrown  to  advantage.  In  order  to  overcome 
the  breakage  of  mantles  due  to  vibration,  an  anti-vibrator  has  been 
installed  near  the  ceiling  upon  each  fixture.     See  Figure  5. 

In  order  to  obtain  the  greatest  benefits  from  the  more  efficient 
forms  of  light  sources  which  have  been  introduced  in  the  last  few 
years,  much  more  care  and  attention  must  be  given  them  than  had 
been  the  custom  with  the  older  types ;  but  the  results  are  well  worth 
the  time  and  labor  involved,  as  it  is  not  a  question  of  illuminating 
engineering  so  much  as  one  of  hygiene.  We  should  look  for  better 
workmanship  rather  than  reduced  lighting  bills,  and  in  that  way 
obtain  the  benefits  of  these  improvements. 


MACHINE-TOOL  PRACTICE  FOR  MAXIMUM 

PRODUCTION. 

By  Charles  Day. 

Mr.  Day's  article  is  the  first  of  an  important  series  of  six,  defining  the  settled  principles 
of  machine-shop  practice  for  maximum  production,  including  the  design  and  operation  of 
tools,  the  choice  of  equipment,  the  determination  of  processes,  and  the  layout,  construction 
and  operation  of  the  shops  themselves. — The  Editors. 

MACHINE-TOOL  practice  for  maximum  production  has  com- 
manded so  much  attention  during  the  past  few  years  that 
there  is  a  natural  hesitancy  to  undertake  a  summary  of  the 
subject  in  an  article  which  must  be  addressed  to  an  audience  as  expert 
as  the  majority  of  readers  of  this  magazine.  However,  upon  con- 
templating the  matter,  it  seemed  that  the  status  of  shop  practice 
can  today  be  somewhat  more  clearly  defined  than  at  any  time  since 
the  advent  of  the  high  speed  steels  and  motor  drives,  and  possibly 
with  this  thought  in  mind  a  slightly  new  point  of  view  can  be  had. 

When  one  considers  the  important  part  that  the  metal-working 
industry  has  played  in  the  development  of  present-day  civilization, 
he  is  forced  to  conclude  that  the  rapid  evolution  that  it  has  but  just 
undergone  will  reach  far  beyond  the  bounds  of  the  shop  and  factory. 
Our  attention,  as  a  rule,  is  so  centered  upon  our  immediate  concerns 
that  we  overlook  the  broader  aspects  of  the  machine-shop  problem, 
and  so  lose  the  keen  interest  that  must  certainly  spring  from  a  realiza- 
tion of  the  substantial  advancement  in  human  progress  that  can  be 
readily  traced  to  the  metal-working  arts.  This  is  a  phase  of  tlie 
subject  that  we  cannot  afford  to  ignore,  for  the  broader  our  under- 
standing of  the  reasons  governing  industrial  advancement  and  the 
part  played  by  the  line  of  work  in  which  we  are  directly  engaged, 
the  more  effective  can  our  efforts  be  made. 

The  foundation  of  modern  business  and  society  commenced  with 
the  first  general  utilization  of  iron  and  steel.  The  advent  of  the  rail- 
road marked  a  revolution  in  personal  and  business  relations,  and  the 
steamship  in  international  affairs,  and  yet  both  of  these  were  made 
possible  by  the  work  of  comparatively  few  men.  To-day  a  very 
considerable  part  of  the  population  of  progressive  nations  is  engaged 
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in  businesses  having  to  do  with  the  production  of  metals  and  their 
manufacture;  therefore,  fundamental  improvements  in  the  art  of 
metal  working  have  a  far-reaching  effect.  They  make  possible  the 
manufacture  of  more  useful  .articles  at  lower  costs,  and  open  new 
fields  where  satisfactory  accomplishment  was  formerly  impossible. 
The  perfection  of  special  steels  for  severe  duty,  and  of  means  for 
working  them,  is  creating  more  reliable  and  higher-speed  train  ser- 
vice ;  and  modern  shop  practice  has  perfected  the  automobile.  We 
have  but  just  learned  that  mechanical  flight  has  been  attained,  and  yet 
the  historic  work  of  many  able  investigators  probably  would  not 
have  been  consummated  by  the  Wright  brothers,  notwithstanding 
their  remarkable  researches  and  experiments,  had  not  advances  in 
metal  working  made  possible  the  present  highly  efficient  hydrocarbon 
motor.  And  who  will  attempt  to  prophesy  the  distance  and  breadth 
that  the  Wrights'  accomplishment  may  reach? 

In  the  final  analysis,  the  real  interest  attached  to  the  performances 
of  machinery  of  any  kind  has  to  do  with  the  usefulness  of  the  work 
done,  and  if  from  this  standpoint  the  measure  is  not  satisfactory, 
it  has  no  permanent  worth.  Certainly,  the  metal  trades,  considered 
as  a  whole,  have  contributed  liberally  to  the  needs  of  civilization. 

A  study  of  the  development  of  the  machining  of  metal  shows 
that  during  the  period  commencing  with  the  work  of  Maudslay,  who 
may  be  considered  the  father  of  most  of  our  modern  machine  tools, 
and  terminating  only  a  few  decades  in  the  past,  advancement  had  to 
do  chiefly  with  the  designing  of  new  types  of  machines,  and  supplying 
them  to  the  rapidly  growing  demand.  Since  that  time  effort  has 
been  directed  principally  to  the  more  economical  performance  of 
machine  work,  and  ''efficiency"  has  been  the  watchword.  For  some 
time  after  the  invention  of  the  steam  engine  it  was  sufficient  to  make 
an  engine  that  would  run  satisfactorily.  Today,  as  a  result  of  wide- 
spread competitive  conditions,  efficiency  in  operation  and  efficiency 
in  manufacture  are  of  almost  equal  importance.  , 

Everyone  interested  in  machine-shop  work  is  familiar  with  the 
marked  development  of  recent  years.  The  subjects  of  high-speed 
steels,  motor  drives,  machine  tools  for  heavy  duty,  equipment  for 
the  handling  of  materials,  and  the  systems  ot  management  required 
for  directing  the  operators  of  machinery  of  all  kinds,  have  been 
constant  and  at  times  heated  subjects  of  debate,  and  the  atten- 
tion so  given  to  them  has,  necessarily,  been  most  fruitful  of  results. 

It  has  been  mentioned  that  shop  practice,  which  includes  all  the 
factors  just  referred  to.  is  nearing  a  stage  approaching  standardiza- 
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Hon,  so  that  a  resume  of  existing  practice  and  a  brief  allusion  to 
modern  types  of  machinery  may  prove  of  interest. 

About  ten  years  ago  there  were  a  number  of  men  who  were 
actively  engaged  in  work  that  had  to  do  with  the  more  effective 
administration  of  industrial  work,  and  especially  machine-shop  work ; 
but  it  is  a  question  whether  general  interest  would  have  been 
awakened  in  this  subject,  to  anything  like  the  extent  that  has  proved 
to  be  the  case,  if  certain  revolutionary  advances  had  not  been  made 
concerning  tlie  physical  features  involved  in  metal-working  plants. 
We  can  properly  assume  that  present  machine-shop  practice,  as  it 
is  now  exemplified  in  many  concerns,  received  its  greatest  impetus 
through  the  introduction  of  high-speed  cutting  tools  and  the  motor 
drive,  and  it  is  appropriate  that  consideration  first  be  given  to  these. 

The  machine-shop  problem,  in  its  most  elemental  sense,  resolves 
itself  into  one  of  removing  chips  from  the  parts  upon  which  work 
is  to  be  done.  This  is  equally  true  whether  we  consider  a  lathe  tool 
removing  a  heavy  turning  from  a  locomotive  tire,  a  file  smoothing 
a  metal  surface,  an  emery  wheel  cleaning  up  the  face  of  a  rough 
casting,  or  a  scraper  putting  the  finishing  touches  on  the  shears  of 
a  lathe.  Tool  steel  is  used  for  by  far  the  greatest  amount  of  work, 
so  it  should  be  expected  that  any  marked  improvement  in  its  compo- 
sition or  method  of  treatment,  making  possible  the  removal  of  a 
greater  quantity  of  chips  in  a  given  time,  would  result  in  many 
radical  changes  in  shop  methods.  Machine  equipment  in  use  when 
the  high-speed  steels  were  introduced  proved  to  be  so  unsuited  for 
the  new  demands  that  it  was  soon  clear  that  no  half-way  measure 
would  be  sufficient,  but  that  it  was  necessary  immediately  to  recon- 
sider the  whole  subject  of  metal-working  from  an  entirely  new  stand- 
point. Just  at  this  time  the  motor  drive  was  being  strongly  advo- 
cated by  the.  companies  manufacturing  such  equipment,  and  it  was 
evident  almost  from  the  start  that  the  individual  motor  drive  for 
machine-tool  operation  promised  a  satisfactory  solution  to  the  new 
problems  of  greater  power  and  better  speed  regulation.  This  con- 
dition resulted  in  a  close  competition  for  supremacy  between  tool 
steel  on  the  one  hand,  and  the  machine  tool  upon  the  other.  Another 
factor  that  proved  to  be  important  was  the  comparatively  high  cost 
of  the  new  tools.  To  equip  the  tool  room  properly  in  a  shop  em- 
ploying several  hundred  men  required  the  expenditure  of  several 
thousand  dollars,  so  that  in  many  instances  the  management  became 
insistent  upon  the  efficient  use  of  the  new  steels.  In  order  to 
accomplish   this   it   was    found   necessary   to   resort   to   much   more 
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effective  methods  of  management  than  had  formerly  been  customary, 
and  so  the  foundation  was  laid  from  which  has  evolved  the  machine- 
shop  practice  of  today. 

The  efficiency  of  work'  performed  in  a  machine  shop,  whether 
large  or  small,  as  a  rule  can  be  quickly  arrived  at  through  an  inves- 
tigation of  the  tool  room  and  the  department  for  the  manufacture 
of  jigs  and  other  accessories;  for  although  these  departments  occupy 
but  a  small  part  of  the  total  shop-floor  space,  they  serve  to  illustrate 
the  policy  and  ability  of  the  management.  Their  proper  conduct 
involves  practically  all  the  functions  that  are  required  for  the  opera- 
tion of  the  shop  proper;  and  further,  the  efficiency  of  the  productive 
work  is  to  a  large  extent  dependent  upon  the  character  and  com- 
pleteness of  the  equipment  stored  in  the  tool  room. 

Modern  systems  for  shop  administration  may  be  successful,  through 
methods  of  compensation,  in  establishing  work  to  the  full  extent  of 
physical  endurance,  yet  this  alone  will  not  result  in  economic  con- 
ditions. The  training  of  the  individual  operators  is  the  more  essen- 
tial requisite.  Training,  in  itself,  implies  that  the  trainer  must  have 
as  his  object  a  certain  definite  accomplishment  which  can  be  achieved 
only  through  the  standardization  of  methods  and  facilities.  The 
competent  professional  baseball  pitcher  could  never  attain  the  pro- 
ficiency now  usual  if  the  ball  that  he  uses  had  not  been  standardized 
almost  exactly  as  to  weight  and  size.  In  this  instance  the  equipment 
— namely,  the  baseball — can  be  readily  standardized  once  for  all, 
and  the  individual  skill  of  the  player  is  the  governing  factor.  In  the 
machine  shop,  however,  the  involved  character  of  the  equipment 
causes  it  to  assume  a  more  important  part,  and  the  operator's  manual 
skill  is  not  as  essential  as  the  knowledge  he  has  concerning  the 
method  of  adjusting  his  machine  for  different  work.  The  determina- 
tion of  such  methods  can,  however,  be  attained  only  as  a  result  of 
painstaking  scientific  work,  and  accomplishment  once  achieved  can 
only  be  duplicated  provided  the  same  conditions  as  regards  tool 
steel,  machine,  and  character  of  material  worked  are  capable  of  exact 
reproduction.  When  it  was  found  that  thorough  analysis  and  scien- 
tific study  resulted,  as  a  rule,  in  the  establishment  of  methods  requir- 
ing not  more  than  one-third  of  the  time  necessary  for  the  perform- 
ance of  the  work  when  it  was  planned  by  the  machinist  himself,  it 
became  evident  that  old  methods  would  have  to  give  way  to  the 
new.  So  it  is  on  this  account  that,  today,  standardization  in  regard 
to  shop  equipment  is  receiving  just  as  much  attention  as  the  stand- 
ardization of  parts  entering  into  the  finished  product. 
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The  starting  point  for  standardization  is  always  in  the  tool  room, 
and  properly  begins  with  the  cutting  tools.  The  adoption  of  standard 
shapes  and  sizes  for  lathe  tools,  boring  cutters,  and  even  chisels,  is 
now  the  general  practice,  as  is  also  the  method  of  forging  and  treat- 
ing the  tools.  Even  in  small  shops  it  pays  to  have  one  man  grind 
all  the  tools,  absolutely  prohibiting  the  workmen  access  to  any 
grinder  for  this  purpose.  Tool  steel  is  now  bought  by  several 
large  users  according  to  specifications,  different  compositions  being 
specified  for  different  classes  of  tools,  and  it  is  likely  that  this  practice 
will  become  general. 

While  what  has  just  been  said  regarding  cutting  tools  is  now 
generally  appreciated  and  acted  upon,  the  same  attention  is  not  given 
to  many  other  accessories  which  rightly  form  a  part  of  the  tool- 
room equipment.  All  clamping  bolts  and  wood  blocking  should  be 
standardized,  and  in  certain  cases  it  is  now  the  practice  always  to 
issue,  with  a  set  of  bolts,  a  standard  wrench  that  exactly  fits  the  nuts. 
When  these  bolts  are  returned  to  the  tool  room  each  one  is  examined, 
to  see  that  it  has  not  been  damaged  and  that  the  nut  is  hand  loose, 
and  if  this  is  not  the  case  the  parts  are  not  returned  to  the  racks 
until  they  have  been  repaired. 

The  old  practice  of  each  machinist  personally  securing  from  the 
tool  room  the  tools  and  other  auxiliary  equipment  that  in  his  judg- 
ment are  needed  is  rapidly  giving  way  to  the  system  of  providing 
in  advance  for  each  operator  all  of  the  tools  and  other  parts  that 
are  required  to  consummate  the  work  in  a  predetermined  manner. 
The  advantage  of  this  method  is  so  great  that  to  some  extent  at 
least  it  is  being  followed  in  almost  all  large  shops,  even  though 
standard  instructions  for  performing  the  work  are  not  given  to  the 
workmen,  or,  in  fact,  may  not  be  on  record. 

It  is  customary  in  large  machine  shops  to  confine  the  tool  room 
to  storage  purposes  only,  all  grinding  and  tool  making  being  done 
in  a  separate  department,  which  work  in  some  cases  is  not  fenced 
off  from  the  rest  of  the  shop.  The  desirability  of  this  plan,  as  well 
as  many  other  procedures  that  are  followed  in  up-to-date  plants, 
depends  to  a  considerable  extent  upon  the  number  of  men  employed 
and  the  character  of  the  work.  The  function  of  the  tool  room, 
however,  is  always  the  same ;  and  to  preserve  it  properly  it  is  neces- 
sary to  draw  a  sharp  line  between  the  making,  care  taking,  and 
issuing  of  tools,  and  the  productive  work  in  connection  with  which 
the  tool-room  equipment  is  used.  We  can  conclude  from  the  above 
summary  regarding  tool-room  management  that  present-day  practice 
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promises  to  result,  ver}'  soon,  in  a  general  standardization,  and  that 
the  modern  tool  room  far  surpasses  in  its  usefulness  the  carelessly 
managed  tool  departments  that  were  usual  a  few  years  ago. 

A  very  interesting  example  of  the  standardization  of  lathe  and 
planer  tools  on  a  large  scale  is  the  central  tool-dressing  plant 
recently  established  at  the  Philadelphia  Navy  Yard,  which  sup- 
plies to  all  navy  yards  on  the  Atlantic  Coast  high-speed  lathe 
and  planer  tools,  which  have  been  forged,  treated  and  ground  to 
standards.  Each  of  the  various  yards  is  equipped  with  an  auto- 
matic grinder  for  rcgrinding  the  tools  until  they  require  re- 
dressing, when  they  are  returned  to  the  central  tool-dressing  plant 
at  Philadelphia  for  replacement  by  newly  dressed  tools.  The 
great  advantages  of  this  scheme  are  that  all  yards  are  equipped 
with  tools  of  standard  shapes  and  of  uniformly  high  quality,  and 
as  the  forging,  dressing,  and  grinding  of  tools  are  done  in  large 
lots,  substantial  reductions  in  cost  result.  This  system  for  the 
standardization  and  distribution  of  tools  was  introduced  at  the 
Philadelphia  Navy  Yard  by  H.  K.  Hathaway,  and  it  sets  an 
example  that  will  probably  be  followed  by  railroads  and  other 
large  concerns  operating  a  number  of  machine  shops. 

Owing  to  the  importance  of  the  question  of  storing  small  tools 
and  accessories,  a  number  of  illustrations  are  included  in  this  article 
which  are  typical  of  present  practice.  The  sectional  racks  shown  are 
in  the  tool  room  of  the  Tabor  Manufacturing  Company,  Philadelphia, 
and  are  particularly  interesting  as  they  provide  special  receptacles 
fo^  many  parts,  such  as  bolts,  wood  clamp  blocks,  and  other  auxiliary 
equipment  which,  until  recently,  were  not  standardized  or  carried 
in  the  tool  room. 

When  the  motor  drive  was  placed  on  the  market,  the  requirements 
of  machine  tools  (that  is,  the  requirements  of  the  cutting  tools)  were 
so  vaguely  understood  that  the  subject  of  individual  drive  proved 
for  a  long  time  a  very  complex  problem,  with  the  result  that  many 
conflicting  views  arose  among  the  machine-tool  designers  and  shop 
managers.  How^ever,  this  very  condition  was  instrumental  in  rapidly 
developing  motors  adapted  to  a  wide  range  of  requirements,  and  now 
that  the  subject  is  better  understood  and  opinion  is  in  large  measure 
unified,  we  find  that  the  problem  has  been  most  satisfactorily  and 
simply  solved.  The  power  and  speed  requirements  of  shops  doing 
different  classes  of  work  vary  widely.  A  jobbing  shop  represents 
one  extreme,  for  miscellaneous  work  necessitates  wide  ranges 
in  speeds  and  in  power  demands.     At  the  other  extreme  we  have 
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establishments  doing 
purely  manufacturing 
work,  such  as  the 
making  of  sewing 
machines  or  cash  reg- 
isters, in  which  cases 
the  machine  equip- 
ment is  largely  spe- 
cial and  such  changes 
in  speeds  as  required 
are  usually  obtained 
automatically.  There- 
fore, the  shop  hand- 
1  i  n  g  miscellaneous 
work  offers  the  great- 
er opportunity  for  the 
effective  use  of  the 
variable-speed  char- 
acteristics of  certain 
systems  of  motor 
drive. 

It  is  no  longer 
necessary  for  the  ma- 
chine-tool builder  to 
resort  to  guess  work 
in  selecting  motors 
for  the  operation  of  the  tools  he  builds.  The  exhaustive  tests  that 
have  been  made  concerning  power  required  when  machining  different 
materials  and  for  different  combinations  of  speeds,  feeds,  and  depths 
of  cut  enable  him  to  determine  power  requirements  with  accuracy, 
and  the  character  of  work  a  given  machine  is  designed  to  handle, 
considered  along  with  prevailing  practice  regarding  methods  of  oper- 
ation, enables  him  to  arrive  at  the  desirable  variation  in  motor  speeds. 
The  total  range  in  spindle  speeds  that  is  desirable  is  dependent  upon 
the  ratio  of  maximum  to  minimum  diameters  of  work,  or  if  the  work 
is  stationary,  upon  the  ratio  of  maximum  to  minimum  cutter  diam- 
eters ;  the  range  is  also  dependent  upon  the  ratio  of  the  hardest  to 
the  softest  material  to  be  machined  and  upon  the  kind  of  operation, 
whether  cutting,  filing,  polishing,  etc.  The  number  of  intermediate 
speeds  that  should  be  available  throughout  the  total  range  is  governed 
by  the  uniformity  of  the  material  worked,  the  uniformity  of  the  cut- 
ters, the  number  of  feeds,  and  the  means  that  the  workmen  have  at 
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liand  to  (leterniinc  tlie  pnjper  speed.  The  amount  oi  power  required 
for  machines  where  tool  steel  is  used  depends  \\\Hm  the  characiv^'r  of 
material  and  tools,  the  cutting  speed,  the  depth  of  cut,  the  feed,  and 
the  shape  of  the  cutter  and  the  friction  load.  The  power  required  for 
grinding  machines,  punching  and  shearing  machines,  and  machines 
for  changing  the  shape  of  materials  without  removing  any  metal  is 
dependent  in  each  instance  upon  factors  special  to  these  classes  of 
work.  In  practically  all  cases,  there  are  now  available  data  wliich 
are  sufficiently  accurate  to  be  used  as  a  guide  by  the  companies  build- 
ng  machines  suited  to  any  of  the  purposes  enumerated. 

The  practice  of  using  direct-current  motors  for  variable-speed 
drives  has  become  so  general  that  it  can  practically  be  considered 
standard  and  is  not  likely  to  be  supplanted  until  radical  changes  in 
alternating-current  motor  designs  have  resulted.  It  is  conceded  by 
most  men  who  have  made  a  study  of  the  subject  that  a  range  of 
three  to  one  in  motor  speeds  will  satisfactorily  meet  most  cases,  and 

that  a  range  of  two 
to  one  is  frequently 
sufficient.  The  direct- 
current  motor  of  the 
field-weakening  type 
will  perform  v  e  r  y 
satisfactorily  througli 
these  ranges,  and  as 
the  controlling  appa- 
ratus is  simple  and 
no  special  system  of 
wiring  is  required, 
this  type  of  equip- 
ment is  now  being 
used  almost  exclu- 
sively. 

There  are  certain 
tools  in  almost  every 
machine  shop  which 
can  be  driven  advan- 
tageousl}'  by  arrang- 
ing in  groups  and 
belting  them  to  short 
lengths  of  line  shaft- 

SECTIONAL   RACKS    FOR   ARBORS,   BORING   BARS,  •        ^       1   •    1      •       ^ 

CUTTING   TOOLS,   ETC.  ^"^   ^^'^^^^^^    ''^    ^^^^"    ^^^ 

Tabor  Manufacturing  Co.  driveu      bv      COUStaUt- 
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speed  motors.  If  the  shop  is  a  small  one  and  the  requirements  of 
certain  tools  can  only  be  satisfactorily  met  through  the  use  of 
individual  motors,  it  is  best  to  adopt  a  direct-current  system 
throughout.  The  requirements  of  very  large  plants  comprising  a 
number  of  shops  spread  over  a  considerable  area  can,  however,  be 
most  economically  served  by  generating  alternating  current,  using 
induction  motors  where  constant  speed  will  serve  and  direct-current 
motors  driven  from  a  rotary  converter  or  motor-generator  set  for 
the  variable-speed  machines  and  traveling  cranes.  In  this  way  the 
current  can  be  distributed  at  higher  voltage  than  would  be  practicable 
if  the  direct-current  system  were  adopted,  with  a  consequent  saving 
in  cost  of  distribution.  This  plan  has  been  adopted  for  a  number  of 
the  large  plants  recently  built,  including  certain  railroad  shops. 


SELLERS    WHEEL-TURNING   LATHE,   FRONT   VIEW. 
William   Sellers   &  Co.,   Inc. 


It  will  probably  be  of  interest  at  this  point  to  cite  the  performance 
of  a  machine  tool  designed  with  an  understanding  of  the  factors  with 
which  we  have  dealt  and  operated  by  a  man  who  has  been  properly 
trained  and  has  available  all  necessary  information  regarding  the 
work  to  be  performed.  A  case  of  this  character  was  recently  illus- 
trated in  the  machine  shop  of  William  Sellers  &  Co.,  Inc.,  when  a 
test  was  made  upon  a  new  car-wheel  lathe  designed  especially  to 
meet  the  requirements  of  railroad  shops.  It  will  be  recalled  by  those 
who  are  familiar  with  railroad  work  that  not  many  years  ago  the: 
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>KLLERS    WHEEL-TURNING    LATHE. 


time  for  turning  a  pair  of  car  wheels  averaged  about  i^  hours, 
and  when  ten  pairs  could  be  turned  out  on  one  lathe  in  a  working 
day  of  10  hours  it  was  tliought  that  about  the  best  possible  record 
had  been  attained.  This  rate  of  work  has,  of  course,  been  gradually 
increased  since  then  and  the  results  cited  below  exemplify  the 
economies  in  time  that  recent  methods  have  brought  about.  Three 
pairs  of  36-inch  steel-tired  wheels,  selected  at  random  from  a  large 
number  shipped  to  the  machine-builders'  plant  by  the  Reading  Rail- 
road Company,  were  turned  in  an  average  of  about  20  minutes  per 
pair,  including  the  time  of  setting,  machining,  and  taking  out  of 
the  lathe.  The  actual  time  that  the  machine  was  in  operation  aver- 
aged about  18  minutes  per  pair,  and  the  fact  that  90  per  cent  of  the 
total  time  required  represents  the  period  that  the  machine  was  doing 
effective  work  is  a  very  significant  factor.  As  a  rule,  greater  econo- 
mies can  be  accomplished  through  devising  means  for  reducing  time 
required  for  setting  up  work  and  taking  it  out  of  machines  than  in 
connection  witli  the  reduction  of  the  actual  machining  time.  In 
either  case  the  economy  comprises  the  saving  effected  in  wages  and 
in  the  overhead  expenses  chargeable  to  the  work  on  account  of  the 
investment  in  equipment  and  building  accommodations,  but  the  time 
that  the  machine  is  idle  is,  as  a  rule,  not  given  as  much  attention  as 
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the  time  for  machining,  which  accounts  for  the  substantial  reduction 
that  can  often  be  made  in  this  direction. 

Returning  to  the  Sellers  car-wheel  lathe,  it  will  be  noted  by  the 
illustrations  that  it  is  motor-driven,  the  direct-current,  field-weaken- 
ing type  of  equipment  having  been  adopted.  The  machine  was 
designed  throughout  to  permit  of  the  fullest  performance  of  the 
modern  high-speed  steels,  and  the  arrangements  for  motor  control, 
gear  changes,  tool  adjustments,  etc.,  have  been  worked  out  with  a 
view  to  making  all  of  these  convenient  to  the  operator  and  'easy  of 
accomplishment.  The  tools  that  were  used  were  carefully  selected 
for  the  work  and  forged  and  ground  to  shapes  that  had  previously 
been  found  best.  The  operator  was  thoroughly  conversant  with  the 
work  to  be  done  and  the  handling  of  the  lathe.  He  knew  just  how 
much  speed  the  tools  would  stand  for  a  given  depth  of  cut  and  feed, 
and  his  training  had  been  such  that  he  could  efficiently  operate  both 
heads  of  the  machine  simultaneously. 

It  was  stated  that  the  tests  just  referred  to  illustrate  the  high 
degree  of  efficiency  that  today  characterizes  machine-shop  practice. 
The  article  that  will  appear  in  the  next  issue  will  include  a  some- 
what more  detailed  consideration  of  machine-tool  design  and  opera- 
tion, as  well  as  additional  illustrations  of  modern  types  of  equipment 
and  motor-drive  applications. 


Editorial   Comment 


Standardization. 
T^HE  twelfth  annual  meeting  of  the 
American  Society  for  Testing  Ma- 
terials, which  will  be  in  session  from 
June  29  to  July  3,  affords  by  its  pro- 
gramme an  interesting  index  to  the  im- 
portant progress  that  is  being  made  in 
standardization.  Whatever  fears  some 
observers  may  entertain  as  to  the  un- 
favorable "crystallizing"  effects  of  pri- 
vate standardization  (that  is,  ultra-stan- 
dardization of  patterns  or  products  by 
individual  manufacturers),  there  can 
scarcely  be  two  opinions  concerning 
the  desirability  of  public  or  general 
standardization  in  the  directions  laid 
down  by  the  plans  and  programme  of  the 
Society.  Even  a  superficial  examination 
of  the  work  outlined  in  the  various  ses- 
sions is  sufficient  to  show  the  energy 
with  which  the  Society  is  extending  its 
boundaries,  and  the  breadth  and  diversitv 
of  the  territory  already  brought  under 
its  influence. 

The  committee  reports,  under  the  head- 
ing of  iron  and  steel  alone,  cover  the 
subjects  of  Standard  Specifications  for 
Iron  and  Steel,  Standard  Specifications 
for  Cast-iron  and  Finished  Castings, 
Heat  Treatment  of  Iron  and  Steel, 
Standard  Specifications  for  Cold-Drawn 
Steel,  the  Corrosion  of  Iron  and  Steel, 
Preservative  Coatings  for  Iron  and 
Steel,  Standard  Specifications  for  Stay- 
bolt  Iron,  and  Uniform  Specifications  for 
Boilers.  Under  other  structural  mate- 
rials, committees  will  report  on  Standard 
Specifications  for  Paving  and  Building 
Brick,  on  Fire-Proofing  Materials,  on 
Reinforced  Concrete,  on  Standard  Speci- 
fications for  Cement,  on  Standard  Speci- 
fications for  Grading  Structural  Timber, 
and  on  Standard  Specifications  for  Clay 
and  Cement  Sewer  Pipes.  Other  reports 
will  be  upon  Standard  Specifications  for 
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Hard-Drawn  Copper  Wire,  Standard 
Specifications  for  Coal,  and  Standard 
Methods  of  Testing.  Further  than  this, 
the  contributed  papers  deal  with  many 
of  the  most  important  problems  in  struc- 
tural engineering  work,  including  prom- 
inently the  very  active  topics  of  steel 
manufacture  and  the  cause  and  preven- 
tion of  rail  fractures,  the  protection  of 
metal  structures  against  corrosion,  and 
the  examination  of  materials  for  im- 
proved forms  of  highway  construction. 


Engineering  Education. 

A  NOTHER  very  interesting  conven- 
-^^  tion,  almost  immediately  preceding 
the  meeting  just  referred  to,  will  be  that 
of  the  Society  for  the  Promotion  of  En- 
gineering Education,  which  will  divide 
its  .sittings  between  Columbia  Univer- 
sity, Pratt  Institute,  and  the  Engineering 
Building,  and  will  have  closed  its  meet- 
ing at  about  the  time  these  pages  ap- 
pear. 

While  the  deliberations  at  Atlantic 
City  have  to  do  with  engineering  mate- 
riel, those  in  New  York  and  Brooklyn 
concern  the  standardization  of  engineer- 
ing personnel.  It  is  apparent  to  an  ob- 
servant onlooker  that  within  the  past 
two  years  a  new  spirit  has  appeared  in 
the  long  quiet  bodies  of  the  university 
faculties  of  the  United  States,  and  it  has 
already  exhibited  such  force  and  vigor 
as  to  cause  a  change  of  attitude  and  of 
relations  between  the  faculties  and  the 
active  members  of  the  profession  out- 
side of  university  boundaries.  There 
appears  to  be  a  realizing  con-^'iction  that 
engineering  education,  as  formalized  in 
the  schools,  has  been  growing  out  of 
parallel  with  engineering  practice,  and 
that  the  courses  need  some  readjust- 
ment:    and     the     heartily     encouraging 
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symptom  is  that  this  ccnvicticn  is  rec- 
ognized most  keenly  and  has  been  acted 
upon  most  vigorously  by  some  of  the 
engineering  professors  themselves.  The 
college  year  just  closed  witnessed  some 
radical  changes  both  in  curriculum  and 
method,  inspired  immediately  by  the  pur- 
pose to  make  engineering  education  fit 
the  graduates  more  perfectly  to  the  'po- 
sitions they  would  be  expected  to  fill 
after  graduation ;  and  no  doubt  another 
year  will  see  the  same  ideas  given  larger 
expression  where  they  have  already  been 
active,  and  given  place  also  in  institu- 
tions where  they  have  not  yet  been  ac- 
cepted, or  at  least  have  not  yet  been  put 
into  effect. 


The  Importance  of  Mechanical  Equip- 
ment. 

T^O  the  manufacturer,  the  problems  of 
men  and  of  materials  have  long 
seemed  to  make  up  the  larger  part  of  the 
entire  sum  of  conditions  with  which  he 
has  to  deal ;  and  most  of  the  earlier 
methods  of  treating  the  wage  question, 
or  that  less  tangible  but  vitally  important 
question,  the  distribution  of  expense,  are 
based  upon  the  assumption  that  either 
the  man  or  the  piece  of  material  upon 
which  he  works  is  the  fundamental  unit. 
It  remained  for  Mr.  Fred  VV.  Taylor  in 
the  field  of  wages,  and  for  the  apostles 
of  the  machine-hour  system  in  methods  of 
accounting,  to  emphasize  first  the  funda- 
mental point  that  it  is  not  the  man  alone, 
but  the  man  plus  the  machine  he  tends, 
that  must  be  taken  as  the  basis  for  all 
calculations  in  the  larger  number  of 
manufacturing  establishments.  Year  by 
year  machinery  fills  a  larger  place  in  the 
scheme  of  production,  and  as  competi- 
tion increasingly  compels  us  to  study 
economy,  it  becomes  needful  to  know 
not  only  what  will  stimulate  workers  to 
the  highest  activity,  but  also  what  tools 
and  appliances  will  enable  those  workers 
to  produce  the  output  at  the  lowest  cost 
and    in    the    largest    volume.     1  his    has 


really  become  a  larger  question  than  that 
of  labor.  Experts  in  the  management 
of  men  begin  by  seeing  that  the  most  effi- 
cient mechanical  equipment  is  provided, 
and  that  all  conditions  which  might  in- 
terfere with  mechanical  efficiency  are 
corrected. 

No  justification,  therefore,  is  neces- 
sary for  devoting  to  the  subject  of  equip- 
ment so  large  and  so  serious  attention  as 
is  given  to  it  in  this  issue.  The  present 
period  of  return  to  activity  makes  this 
careful  study  highly  appropriate.  Imme- 
diately succeeding  issues  of  The  En- 
gineering Magazine  will  follow  the 
very  interesting  undertaking  of  express- 
ing clearly  and  authoritatively  a  body 
of  principles  in  the  new  science  of  pro- 
duction— not  merely  examples  of  prac- 
tice, but  formulated  laws  and  data  drawn 
from  thorough  and  careful  analysis  of 
practice,  and  expressed  in  such  form  as 
to  be  applicable  to  any  business  or  to 
anv  set  of  conditions. 


The  Call  to  Forest  Conservation. 

pIGURES  just  published  by  the  De- 
^  partment  of  Commerce  and  Labor 
of  the  United  States  seem  to  reflect  con- 
ditions that  emphasize  the  often-uttered 
warning  against  the  near-by  exhaustion 
of  timber  supplies  on  the  North  Ameri- 
can continent.  Although  the  canvass 
made  by  co-operation  of  the  Census  Bu- 
reau, the  Forest  Service,  and  State  For- 
est Conmiissions  was  closer  than  ever 
before,  taking  account  of  the  cut  of 
31,231  mills  in  1908  as  against  28,85c 
mills  in  1907,  the  figures  show  a  falling 
off  in  production  of  17  per  cent.  The 
lumber  made  declined  from  40,000,000 
thousand  feet,  board  measure,  to  33,000,- 
000,  the  lath  cut  being  reduced  in  about 
similar  measure  and  shingle  alone  show- 
ing a  slight  increase.  And  quite  as  sug- 
gestive of  waning  resources  is  the  pro- 
gressive trend  toward  an  increase  in  the 
use  of  minor  and  less  abundant  woods. 
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THE   PROTECTION   OF  ELECTRICAL  MACHINERY  IN  COAL  MINES. 

INVESTIGATIONS    ON    THE    SAFETY    OF    WORKING    ELECTRICAL    PLANTS    AND    THEIR 

PROTECTION    AGAINST    EXPLOSION. 

Sidney  A.  Simon — Institution  of  Electrical  Engineers. 


SO  far  as  danger  to  persons  and  prop- 
erty is  concerned,  except  in  one 
particular,  electricity  in  coal  mines 
does  not  differentiate  itself  from  elec- 
tricity in  a  large  number  of  other 
branches  of  industry.  The  danger  of  ig- 
nition of  firedamp  in  gaseous  mines  by 
the  sparking  of  electrical  apparatus  is, 
however,  of  such  supreme  importance 
that  the  problem  of  adequate  protection 
of  electrical  apparatus  against  explosion 
may  properly  be  called  the  problem  in  the 
application  of  electric  power  in  collieries. 
Of  the  many  investigations  which  have 
been  made  on  the  subject,  one  of  the 
most  important  series  of  experiments  has 
had  but  little  publicity  outside  of  Ger- 
many. The  conclusions  reached  from 
these  tests,  which  were  carried  out  in 
Westphalia  during  1903,  1904  and  1905, 
are  given  in  a  paper  read  by  Sidney  A. 
Simon  before  the  Glasgow  Section  of  the 
Institution  of  Electrical  Engineers,  of 
which  a  brief  abstract  follows. 

The  tests  were  carried  out  conjointly 
by  six  of  the  leading  electrical  engineer- 
ing firms  in  Germany,  and  the  Committee 
of  the  Westphalian  Mining  Fund,  at  spe- 
cial experimental  galleries  furnished  by 
the  latter.  In  these  galleries  the  appa- 
ratus to  be  tested  was  operated  in  explo- 
sive atmospheres,  both  of  air  and  actual 
firedamp,  drawn  from  unused  workings 
below  the  surface,  and  of  air  and  fine 
coal  dust.  The  trials  covered  three  years 


and  were  divided  into  three  distinct 
series:  1903,  tests  of  special  apparatus 
and  machines  submitted  by  the  firms  con- 
cerned; 1904,  tests  to  determine  suitable 
means  of  protecting  apparatus  and  ma- 
chinery to  avoid  explosion;  1905,  tests 
on  motors  provided  with  the  protection. 

"The  tests  of  1903  showed  that  prac- 
tically all  the  protective  devices  fitted  to 
motors  proposed  were  either  insecure 
and  a  positive  danger  in  an  explosive  at- 
mosphere, or  ineffectual  for  mechanical 
or  electrical  reasons.  Such,  for  example, 
were  enclosing  of  complete  motor  with 
wire  gauze  or  solid  covers,  enclosing  of 
overhung  slip  rings  in  solid  so-called  gas- 
tight  covers,  or  immersion  of  slip  rings 
in  oil.  So  far  as  the  total  enclosing 
of  the  complete  motor  or  of  the  slip 
rings  was  concerned,  it  was  found  prac- 
tically impossible  to  prevent  the  entrance 
of  explosive  mixture  into  the  interior, 
especially  if  the  motor  were  frequently 
started  and  stopped,  with  consequent 
alternate  heating  and  cooling  of  the 
enclosed  gases. 

"If  sparking  occurred  in  the  service 
of  these  motors,  an  internal  explosion  oc- 
curred, which  generally  either  blew  the 
enclosing  covers  off,  otherwise  damaged 
the  motor  casing,  or  expelled  flames  and 
ignited  gases  through  the  bearings  and 
oil  wells,  thus  in  most  cases  communicat- 
ing the  explosion  to  the  surrounding 
atmosphere.    It  was  found,  however,  that 
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if  gaps  were  provided  of  a  certain  size, 
i.e.,  not  too  small  to  prevent  the  egress 
of  the  heated  gases  and  cause  a  danger- 
ous rise  of  pressure,  and  not  so  large 
as  to  allow  free  passage  of  the  burning 
gases,  the  communication  of  the  explo- 
sion was  avoided. 

"The  covering  of  the  openings  with 
wire  gauze  (even  with  two  layers)  was 
not  found  altogether  satisfactory.  In 
many  cases  this  may  have  been  due  to 
the  too  coarse  mesh  which  had  been  pro- 
vided, but  generally  it  was  found  that 
the  gauze  did  not  offer  sufficient  cooling 
surface  relatively  to  the  large  volume 
of  gas  enclosed  to  prevent  its  being 
raised  to  a  dangerous  temperature,  and 
finally  allowing  the  explosion  to  be  com- 
municated to  the  external  atmosphere.  A 
curious  phenomenon  was  observed  with 
this  method  of  enclosure  which  also 
tended  to  render  the  protection  ineffec- 
tive :  the  continued  combustion  inside  the 
motor  of  firedamp  after  the  first  explo- 
sion had  ignited  it.  As  combustion  pro- 
ceeded, the  hot  products  were  carried 
off  through  the  gauze  at  the  top  of  the 
motor,  and  fresh  firedamp  was  intro- 
duced below  to  take  its  place  and  chus 
feed  the  flame.  The  consequence  was 
that  the  gauze  was  soon  raised  to  a  very 
high  temperature  and  destroyed,  and  an 
explosion  took  place  in  the  gallery. 

"A  further  disadvantage  of  this  class 
of  motor  is  an  electrical  one,  due  to  the 
very  small  amount  of  ventilation  which 
the  fire-meshed  gauze  required  permits, 
in  deference  to  which  it  is  necessary  to 
design  the  motor  practically  on  the  same 
lines  as  a  totally  enclosed  one,  so  that  the 
electrical  characteristics  are  not  of  the 
best,  and  the  motor  is  large,  heavy,  and 
high  in  price. 

"In  the  case  of  slip-ring  motors  the 
immersion  of  the  slip  rings  in  oil  was 
found  to  cause  difficulties  of  an  electro- 
mechanical nature,  which  entirely  pre- 
cluded their  employment. 

"In  consequence  of  the  negative  re- 
sults of  these  trials,  the  second  series 
of  experiments  (of  1904)  was  under- 
taken. In  the  first  place,  the  nature  of 
the  explosion  was  studied,  and  how  this 
depends  on  the  volume  of  gas,  quality  of 
the    mixture,    configuration    of    the    en- 


closing casing,  and  position  of  the  origin 
or  point  of  ignition.  In  particular,  ob- 
servations were  made  on  the  extent  to 
which  the  nature  of  the  explosion  was 
modified  by  introducing  partitions  with 
orifices  and  other  obstacles." 

Experiments  with  various  sizes  of 
closed  vessels  free  of  internal  obstacles 
showed  that  the  actual  rate  of  explosion 
of  a  mixture  of  firedamp  and  air  de- 
pended to  some  extent  on  the  shape  and 
volume,  but  the  maximum  pressure  was 
practically  independent  of  these  varia- 
bles. When  the  volumetric  percentage 
of  methane  is  about  7  to  8  per  cent,  the 
maximum  pressure  of  the  explosion  is 
about  6^  to  7  atmospheres,  and  is 
reached  about  one-fifth  of  a  second  after 
ignition.  With  a  smaller  or  larger  per- 
centage, the  maximum  pressure  is  less 
and  the  explosion  takes  place  at  a 
slower  rate.  This,  however,  does  not 
apply  if  obstacles  are  introduced  which 
materially  alter  the  configuration,  nor  to 
two  vessels  communicating  with  one  an- 
other through  a  small  aperture.  If  igni- 
tion takes  place  in  one  of  the  two  ves- 
sels, the  pressure  in  the  second  may  rise 
to  much  more  than  7  or  8  atmospheres. 
In  some  cases  the  pressure  in  the  second 
vessel  was  found  to  rise  to  as  much  as 
12  atmospheres. 

This  phenomenon  has  an  important 
bearing  on  the  design  of  enclosed  ap- 
paratus for  mining  purposes.  It  shows 
that,  under  all  circumstances,  apparatus 
enclosed  in  several  separate  compart- 
ments communicating  with  one  another 
through  small  apertures  must  be  avoided. 
At  first  sight  the  statement  might  seem 
paradoxical  that  the  more  gas-tight  the 
.  lid  of  such  a  case  fits  the  greater  is  the 
danger  if  an  explosion  does  occur  inside. 
Tests  on  a  case  containing  a  switch  and 
fuse  enclosed  in  separate  compartments 
with  small  holes  for  the  electrical  con- 
nections between  the  two,  and  on  an 
enclosed  three-phase  motor  with  slip 
rings  enclosed  in  a  separate  casing  out- 
side the  bearing  have  conclusively 
proved  its  truth.  All  the  phenomena  con- 
nected with  internal  explosions  were 
studied  in  an  extended  series  of  experi- 
ments, the  results  of  which  may  be  sum- 
marized as  follows : — 
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"i.  The  maximum  pressure  developed 
in  a  vessel  of  moderate  capacity  by  an 
explosion  of  accumulated  firedamp  is 
about  6.5  atmospheres.  If  in  the  inside 
of  the  vessel  small  portions  are  divided 
off  by  internal  objects,  and  the  compart- 
ments thus  formed  communicate  with 
one  another  through  comparatively  long 
and  tortuous  passages,  some  portion  of 
the  enclosure  may  be  exposed  to  a  pres- 
sure of  8  atmospheres.  Moreover,  if  the 
interior  is  partitioned  off  into  large 
spaces  communicating  with  one  another 
through  small  apertures,  according  to  the 
size  and  number  of  these  compartments 
internal  pressure  may  be  developed 
which  no  practicable  method  of  enclo- 
sure can  be  made  to  resist.  In  mines  of 
very  great  depth  the  internal  pressure  is 
proportionally  higher. 

"2.  Small  openings,  such  as  narrow 
gaps  or  fine  slits  in  the  enclosure,  are 
not  dangerous.  The  larger  the  area  of 
opening,  the  less  effective  is  the  en- 
closure, and  especially  so  if  the  aperture 
does  not  expose  cooling  surfaces  to  the 
gas  in  its  passage  through  it.  More- 
over, it  is  less  effective  the  nearer  the 
point  of  ignition  is  to  the  aperture,  and 
the  danger  increases  inversely  with  ex- 
plosiveness  of  the  gas.  An  enclosure 
which  is  not  gas-tight,  or  one  with  open- 
ings, is  generally  safe  if  the  pressure 
of  the  ignited  gas  rises  to  i.i  atmosphere 
or  more  before  flames  are  expelled." 

It  was  found  in  the  experiments  on 
motors  that  the  rotation  of  the  rotors 
modified  considerably  the  effects  pro- 
duced. The  rotation  appears  to  increase 
both  the  pressure  and  the  rapidity  of 
the  explosion.  Although,  then,  an  en- 
closing cover  with  aperture  in  it  may, 
under  certain  circumstances,  be  an  ef- 
fective protection,  it  cannot  be  relied  on 
in  every  case,  as  its  efficiency  depends  on 
the  composition  of  the  gas,  the  position 
of  the  point  of  ignition  relatively  to  the 
aperture,  and  the  state  of  motion  of  the 
rotating  parts — all  of  which,  and  partic- 
ularly the  last  factor,  may  influence  the 
effect  of  an  explosion  in  a  manner  which 
cannot  be  determined  a  priori.  Under 
the  most  favorable  circumstances,  more- 
over, the  maximum  safe  area  of  the 
openings    is    small,    so    that    the    motor 


would  have  to  be  designed  practically 
witli  the  characteristics  of  a  totally  en- 
closed motor. 

To  increase  the  effectiventss  of  this 
method  of  protection,  labyrinth  enclo- 
sure was  proposed.  This  consisted  of  two 
or  more  perforated  covers  placed  one  in 
front  of  another  with  the  apertures  in 
adjacent  covers  staggered.  It  was  hoped 
that  some  of  the  heat  would  be  extracted 
from  the  gases  by  the  metal  covers  if 
the  gases  were  forced  to  pass  some  dis- 
tance over  the  covers  in  passing  from 
one  opening  to  the  next.  Although  the 
size  of  the  openings  could  be  made  much 
larger  than  in  the  case  of  the  single 
cover,  it  was  found  that  the  results  of 
an  internal  explosion  still  depended  on 
the  same  factors,  and  this  method  of  pro- 
tection had  to  be  discarded  as  unreliable. 
Similar  results  were  found  to  occur  also 
with  the  use  of  tubes  in  front  of  the 
openings. 

A  series  of  experiments  was  carried 
out  to  test  the  efficacy  of  enclosing  with 
wire  gauze,  to  combine  the  advantages 
of   a   ventilated   motor   with    a   reliable 
flame-proof  protection.     As  in  the  case 
of  covers  with  apertures,  it  was  found 
that  the  protection  depends  on  the  posi- 
tion of  the  point  of  ignition  of  the  gas, 
and  is  also  influenced  by  the  configura- 
tion of  the  internal  parts  and  the  state 
of  motion  of  the  rotating  parts.    The  ef- 
fects of  the  position  of  the  points  of  ig- 
nition, however,  were   found  to  be  en- 
tirely the  reverse  of  the  effects  in  the 
case  of  the  enclosure  with  aperture.    En- 
closure in  wire  gauze  is  a  reliable  means 
of  protection  and  can  safely  be  adopted 
when   suitably   applied.     The   protective 
power  of  gauze,   however,  is  destroyed 
by   very   slight   injury,   and   in   addition 
to  using  a  double  layer  of  gauze  some 
further   mechanical    safeguard   must   be 
provided.     One  of  its  most  serious  dis- 
advantages was  found  to  be  the  burning 
of  the  firedamp  within  the  enclosure  al- 
ready  mentioned. 

"P'rom  the  observed  fact  that  slits  or 
gaps  of  not  more  than  0.5  millimetre 
width  and  .about  50  millimetres  depth  are 
not  sources  of  danger,  finally  a  form  of 
protection  was  devised  which  embraces 
all  the  advantages  of  gauze  without  its 
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defects.  It  is  the  so-called  'plate'  pro- 
tection. It  possesses  mechanical  strength, 
permits  of  ventilation,  prevents  an  ex- 
plosion by  cooling  the  issuing  gases,  and 
is  not  damaged  by  after  burning  should 
this  phenomenon  take  place.  It  consists 
of  a  series  of  plates,  usually  0.5  milli- 
metre thick  and  50  millimetres,  deep, 
placed  side  by  side  at  a  distance  of  0.5 
millimetre  from  one  another  in  openings 
of  the  motor  or  apparatus  casing.  These 
plates  are  usually  in  the  form  of  rings 
or  hollow  squares,  but  they  can  be  any 
shape  or  size.  Any  number  can  be  used, 
according  to  the  amount  of  ventilation 
required,  and  the  protection  secured  is 
independent  of  the  position  of  the  point 
of  ignition,  the  relative  volume  of  the 
containing  vessel  to  the  area  of  opening, 
and  of  the  composition  of  the  gas. 

"So  far  as  the  total  enclosure  is  con- 
cerned, this  method  of  protection  is 
mainly  available  in  cases  where  internal 


ventilation  is  not  essential  in  order  to 
carry  off  the  heat  generated  in  the  appa- 
ratus. Apparatus  or  machinery  in  which 
heat  is  generated  is,  generally  speaking, 
therefore  not  suitable  to  receive  this 
method  of  protection.  In  order  to  be 
effective,  the  complete  enclosure  has  to 
be  made  very  strong  indeed,  entailing 
considerable  weight  and  initial  cost.  On 
the  other  hand,  this  method  of  protec- 
tion provides  a  safeguard  against  ex- 
ternal mechanical  injury  as  well  as 
against  internal  explosion,  and  it  must  be 
remembered  that  it  is  almost  a  practical 
impossibility  to  make  any  enclosure  so 
perfectly  gas  proof  as  to  entirely  pre- 
vent an  explosive  mixture  collecting  in 
the  interior,  unless  it  is  absolutely  phy- 
sically enclosed  (as  by  soldering  or 
welding).  This  method  of  enclosure  is 
therefore  mainly  applicable  to  switch- 
gear,  junction  boxes,  and  very  small 
motors." 


COAL  AND  IRON  RESOURCES  OF  THE  UNITED  STATES. 

AN    ESTIMATE   OF  THE  TONNAGE   OF   COAL   AND    IRON    NOW    AVAILABLE   AND    OF   THE 
PROBABLE  LIFE   OF  THE   EXISTING   RESERVES. 

M.  R.  Campbell,  E.  W.  Parker,  C.   W.  Hayes — American  Institute  of  Mining 

Engineers. 


TWO  papers  prepared  by  experts 
the  United  States  Geological 
Survey  and  read  at  the  Spring 
meeting  of  the  American  Institute  of 
Mining  Engineers  give  what  may  be 
taken  as  the  most  trustworthy  estimates 
available  of  the  coal  and  iron  resources 
of  the  country  and  the  probable  life  of 
the  existing  reserves.  The  following  ab- 
stract of  the  papers  is  taken  from  the 
Bulletin  of  the  Institute  for  April.  Many 
valuable  data  have  neccssarilv  been 
omitted  from  this  brief  review,  which 
presents  only  the  main  points  of  the  dis- 
cussions and  the  conclusions  as  to  the 
probable  duration  of  the  supplies  of  the 
two  materials. 

Dealing  first  with  the  coal  resources, 
Messrs.  Campbell  and  Parker  give  the 
area  underlain  by  workable  coal  beds  in 
the  United  States,  according  to  the  esti- 
mates prepared  by  the  United  States 
Geological  Survey,  as  496,776  square 
miles.     "Of  this  total  area,  480  square 


miles  contain  the  entire  anthracite  coal 
fields  of  Pennsylvania.  The  bituminous 
coal  fields  are  estimated  to  be  contained 
in  areas  aggregating  250,051  square 
miles.  The  grade  of  coal  between  bi- 
tuminous and  lignite,  and  which  is  desig- 
nated by  the  Geological  Survey  as  'sub- 
bituminous'  is  estimated  to  be  contained 
within  areas  aggregating  97,636  square 
miles,  while  the  areas  containing  lignite 
aggregate  148,609  square  miles." 

For  the  sake  of  convenience  in  classifi- 
cation, the  coal  fields  are  divided  into  six 
main  provinces,  details  of  which  are 
given  in  the  footnote  to  Table  I  opposite. 
During  the  last  few  years  the  Survey 
geologists  have  made  careful  estimates 
in  each  of  these  provinces  of  the  quantity 
of  coal  contained  in  the  beds  when  min- 
ing first  began,  the  amount  easily  avail- 
able and  the  amount  unavailable  under 
present  mining  and  market  conditions  or 
available  only  with  extreme  difficulty. 
The  areas  of  the  different  provinces  and 
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the   amount   of   coal   contained   in   them  "It  is  estimated  that  for  every  ton  of 

when  mining  first  began  are   shown   in       coal  mined  and  sold  half  a  ton  is  lost  oi 
Table  I.  wasted,  so  that  the  total  production  of 

Table  I. — Tonnage  (Short  Tons)   by  Pkovinces  and  Accfssiuility. 

Original    Coal-Supply. 
Province.  Area. 

Amount  Easily  Amount  Accessible 

Accessible.  with  Difficulty.  Total. 

Sq.  Miles.             Tons.  Tons.  Tons. 

1.  Eastern 70,022         555,634,000,000  8,000,000,000  563,634,000,000 

2.  Interior 144,664         406,667,000,000  91,000,000,000  497,667,000,000 

3.  Gulf 84,300           13,045,000,000  10,045,000,000  23,090,000,000 

4.  Northern    or   Great   Plains 103,564         521,793,000,000  459,000,000,000  980,793,000,000 

5.  Rocky     Mountain 92,396         414,740,000,000  574,280,000,000  989,020,000,000 

6.  Pacific    Coast 1,830           11,100,000,000  11,900,000,000  22,000,000,000 

Total 496,776     1,922,979,000,000        1,153,225,000,000  3,076,204,000,000 

1.  Anthracite  and  bituminous  fields  of  Pennsylvania,  Ohio,  Virginia,  Kentucky,  Tennessee,  Georgia, 
Alabama,  and  North  Carolina.  3.  Bituminous  fields  of  Michigan,  Illinois,  Indiana,  Kentucky,  Iowa, 
Kansas,  Missouri,  Oklahoma,  Arkansas,  and  Texas.  3.  Lignite  areas  of  Alabama,  Mississippi, 
Louisiana,  Arkansas,  and  Texas.  4.  Lignite  and  sub-bituminous  areas  of  North  and  South  Dakota, 
eastern  Montana,  and  northeastern  Wyoming.  5.  Bituminous  and  sub-bituminous  areas  of  western 
Montana  and  western  Wyoming,  Colorado,  Utah,  and  New  Mexico.  6.  The  areas  of  Washington,  Ore- 
gon, and   California. 

The  distribution  of  this  original  supply  6,865,097,567  short  tons  to  the  close  of 
of  coal,  according  to.  grades  and  accessi-  1907  represents  an  exhaustion  of  10,200,- 
bility,  is  shown  in  Table  II.  The  deriva-  000,000  tons,  or  0.3  per  cent,  of  the  total 
tion  of  the  total  of  $1,392,979,000,000  original  supply,  or  0.7  per  cent,  of  the 
tons  as  the  quantity  of  coal  originally  coal  which  is  easily  accessible  and  avail- 
easily  accessible  and  available  is  ex-  able  under  present  conditions.  The  total 
plained  by  the  fact  that  the  quantity  supply  of  easily  accessible  and  now  avail- 
given  as  easily  accessible  includes  the  able  coal  left  in  the  ground  at  the  close 
lignites  and  sub-bituminous  coals  of  the  of  1907  was  1,382,780,000,000  short  tons." 
western  states,  of  which  approximately  From  a  table  showing  the  production 
530,000,000,000  tons,  while  easily  ac-  of  coal  annually  from  1846  to  1907  and 
cessible,  cannot  be  considered  available  also  the  average  annual  production  by 
under  present  conditions,  or  those  which  progressive  decades  for  the  same  length 
may  be  anticipated  in  the  near  future.  of  time,  it  is  calculated  that  the  average 

Table   II. — Tonnage    (Short  Tons)    by  Grades    of    Coal    and    Accessibility. 

Original  Coal-Supply. 

Area.  Amount  Easily  Amount  Accessible  Easily  Accessible 

Kind  of  Coal.  Accessible.  with  Difficulty.  and  Available. 

Sq.  Miles.  Tons.  Tons.  Tons. 

Anthracite  and  bituminous 250,531  1,176,727,000,000  505,730,000,000  1,176,727,000,000 

Sub-bituminous 97,636  356,707,000,000  293,450,000,000} 

Lignite 148,609  389,545,000,000  354,045,000,000)  216,252,000,000 

Total 496,776     1,922,979,000,000      1,153,225,000,000  1,392,979,000,000 

"Up  to  the  close  of  1845  the  total  pro-  annual  increase  in  coal  production  is  7.36 

duction  of  coal  in  the  United  States  was  per  cent.     For  the  last  five  progressive 

27,677,214    short    tons,    and    since    that  decades  the  rate  of  increase  would  be 

time  the  drain  on  the  supply  has  prac-  above    the    average.      'The    assumption 

tically  doubled  with  each  decade.     The  that  a  constant  output  has  been  reached 

total  production  to  1845  and  decennially  would  be  utterly  unwarranted.     On  the 

since  that  time  was :  other  hand,  the  adoption  of  the  flat  rate 

Short  Tons.  of    annual    increase    of    7.36    per    cent. 

^^*°i846— 185.5 .■.■.■.■.■.■.■.■.■.'.".■.■  .■.■.■.■;       83,'4i7,'827      would   involvc   the    improbable   assump- 
1856—1865".'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.     i73,'795,'oi4      tion  that  the  marvellous  record  of  the 

1806 — 1875 419,425,104  ^  ,  ^         -n     i  •     .1-    •        ^     • 

1876—1885  847  760  319      past  and  present  will  be  mamtamed  in 

m6=l905.' :::::.' ::.'::::::::  msmoI'^^^    ^^^  imuvQ,  and  that  the  production  win 

1906 — 1907 ...'.'.     '894!52o!702      continuc  approximately  to  double  eve^y 

Total 6,865,097.567      decade.     Using  the  waste  allowance,  on 
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the  basis  of  this  constant  rate  of  increase 
of  production,  the  1,382,780,000,000  tons 
available  at  the  close  of  1907  would  be 
exhausted  in  107  years,  or  by  2015. 
Against  the  use  of  the  flat  rate  of  in- 
crease it  may  v/ell  be  contended  that  just 
as  the  rate  of  increase  in  popalation 
tends  to  diminish,  so  this  rapid  increase 
in  per  capita  consumption  of  coal  cannot 
persist,  and  a  constant  annual  produc- 
tion will  be  reached.  However,  the  fig- 
ures set  50  years  ago  by  statisticians  for 
the  probable  constant  annual  production 
of  coal  in  England  have  already  been 
exceeded  by  more  than  160  per  cent." 

Probably  the  best  use  of  the  data 
available  has  been  made  by  Henry  Gan- 
nett in  an  estimate  based  upon  a  de- 
creasing rate  of  increase  calculated  from 
20-year  averages  of  production.  The  re- 
sult obtained  by  this  method  is  that  the 
easily  accessible  and  available  coal  will 
be  exhausted  about  the  year  2027,  and 
all  coal  by  the  middle  of  that  century.  It 
must  be  remembered,  however,  that  with 
so  many  indeterminate  factors  whose  im- 
portance is  realized  but  cannot  be  meas- 
ured, for  example,  the  development  of 
an  export  trade,  better  utilization  of 
coal  in  the  industries,  reduction  of  waste 
in  mining,  increased  utilization  of  water 
power,  and  the  operation  of  the  ordi- 
nary economic  laws,  prophecy  must  pos- 
sess a  questionable  value. 

Mr.  Hayes  divides  the  iron  ores  of 
the  country  into  two  classes,  those  avail- 
able and  those  not  available.  "This 
classification  is  in  large  measure  arbi- 
trary, and  it  is  evident  that  it  will  vary 
from  time  to  time.  In  the  available  class 
are  placed  those  ores  which  can  be 
worked  at  a  profit  under  conditions  es- 
sentially as  they  exist  at  present.  Since 
it  depends  wholly  on  the  question  of 
costs,  the  various  factors  which  affect 
cost  will  determine  the  classification  of 
any  particular  deposit." 

The  known  ore  deposits  are  discussed 
by  groups,  based  on  distribution  and 
kind.  These  groups  are  the  following: 
I.  Lake  Superior  ores.  2.  Adirondack 
ores.  3.  Clinton  ores.  4.  Appalachian 
metamorphic  ores.  5.  Appalachian  brown 
ores.  6.  Appalachian  carbonate  ores. 
7.  .West  Tennessee  brown  ores.  8.  East 
Texas  brown  ores.    9.  Ozark  ores.     10. 
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Rocky  Mountain  metamorphic  ores.  11. 
Igneous  contact  ores.  The  estimates 
given  in  more  or  less  detail  under  these 
II  groups  are  combined  in  Table  III, 
under  five  commercial  districts. 

Table    IV.     Production     of    Iron     Ore     in     the 

United    States    by    Decades,    1870  to    1909. 

Decade.                     Production,  Increase, 

Long  tons.  Per  Cent. 

1870—1879 43,770,527  

1880—1889 91,048,854  108. 

1890—1899 163,080,103  80.1 

1900— 1909  about 398,000,000  138. 

The  production  of  iron  ore  in  the 
United  States  by  decades,  from  1870  to 
1909,  is  given  in  Table  IV.  'Tf  the  aver- 
age rate  of  increase  by  decades,  108.7 
per  cent,  should  be  continued,  it  v^ould 
require  the  production  in  the  next  three 
decades  of  6,088,000,000  tons.  But  the 
ore  supply  now  available  in  the  United 


States  is  estimated  at  4,786,000,000  tons, 
which  is  only  78  per  cent,  of  the  amount 
needed  on  this  assumption.  It  is  evident 
therefore  that  the  present  average  rate 
of  increase  in  production  of  high-grade 
ores  cannot  continue  even  for  the  next 
30  years,  and  that  before  1940  the  pro- 
duction must  already  have  reached  a 
maximum  and  begun  to  decline,  and  a 
very  large  use  must  be  made  of  low- 
grade  ores  not  now  classed  as  available. 
The  second  condition,  with  its  conse- 
quently greatly  increased  cost  of  iron, 
is  the  only  thing  which  can  prevent  a  de- 
cline in  the  iron-industry,  measured  by 
the  amount  of  pig  iron  produced,  within 
the  next  30  years,  unless  there  is  in  the 
meantime  very  greatly  increased  impor- 
tation of  foreign  ores." 


THE  TESTING  OF  PROTECTIVE  COATINGS  FOR  IRON  AND  STEEL. 

A    DISCUSSION    OF   THE    VALUE    OF    PHYSICAL    TESTS    FOR    PAINTS    EMPLOYED    TO    PROTECT 
IRON    AND    STEEL    FROM    EXTERNAL    INFLUENCES. 

/.  Cruickshank  Smith — Iron  and  Steel  Institute. 


THE  essential  qualities  of  satisfac- 
tory protective  coatings  for  pre- 
venting the  corrosion  of  iron  and 
steel  were  briefly  outlined  by  Dr.  Wil- 
liam H.  Walker  in  the  May  number  of 
The  Engineering  Magazine.  A  more 
extended  discussion  of  the  subject  of 
corrosion  is  contained  in  a  paper  read  by 
the  same  author  at  the  recent  meeting 
of  the  Iron  and  Steel  Institute.  Jointly 
with  the  latter  was  discussed  a  paper  by 
J.  Cruikshank  Smith,  on  the  value  of 
physical  tests  in  the  selection  and  testing 
of  protective  coatings,  which  gives  a 
brief  review  of  technical  methods  of  in- 
vestigating the  physical  properties  of 
paints.  The  latter  are,  in  Mr.  Smith's 
opinion,  of  fully  as  much  importance  as 
their  chemical  properties.  A  short  ab- 
stract of  this  paper  is  made  from  a  re- 
print in  the  Iron  and  Coal  Trades  Re- 
view for  May  14. 

The  increased  attention  which  has 
been  devoted  during  recent  years  to  the 
physical  and  mechanical  properties  of 
paints,  varnishes  and  other  protective 
materials  has  been  largely  due  to  the 
growing  appreciation,  on  the  part  of 
chemists  and  engineers,  of  the  fact  that 
in  actual  service,  and  under  the  condi- 


tions of  prolonged  exposure  to  the  at- 
mosphere, moisture,  etc.,  the  life  of  pro- 
tective coatings  depends  as  much  on 
physical  laws  as  on  chemical  ones;  and, 
further,  that  the  physical  state  or  condi- 
tion of  a  protective  coating  has  an  im- 
portant bearing  on  its  liability  to  chem- 
ical influences,  both  external  and  inter- 
nal. Protective  coatings  consist  as  a 
rule  of  a  pigmentary  portion  and  a  fluid 
medium  or  vehicle.  Pigments  are  them- 
selves invariably  defined  and  valued  in 
terms  of  physical  properties,  opacity,  in- 
solubility and  degree  of  crystalline  struc- 
ture. The  fluid  vehicle  after  drying  pre- 
sents certain  mechanical  features  as  to 
elasticity,  hardness,  etc.,  which  determine 
its  value  as  a  paint  material.  When  it 
is  considered  that  the  cost  of  mainten- 
ance of  a  structure  depends  on  the  ca- 
pacity of  a  paint  film,  usually  not  more 
than  1/200  of  an  inch  thick,  to  expand 
and  contract  without  breaking  with  the 
expansion  and  contraction  of  the  struc- 
ture itself,  to  maintain  a  hard  and  im- 
pervious surface,  to  resist  the  solvent 
action  of  rain  water  and  chemical  im- 
purities in  the  atmosphere,  it  will  readily 
be  granted  that  the  physical  properties 
of  paint  films  are  of  pre-emirent  impor- 
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tance  in  determining  the  selection  of  pro- 
tective materials. 

The  physical  tests  which  may  be  em- 
ployed as  a  guide  in  selecting  protective 
coatings  are  of  two  kinds:  (i)  those 
applicable  to  the  paint  itself  and  (2) 
those  applicable  to  the  film  produced  by 
the  drying  of  the  paint.  Those  in  the 
first  class  depend  on  the  following  prin- 
ciples : — 

(a)  The  pigment  and  vehicle  should 
he  properly  proportioned  in  order  to 
ensure  efficient  application  and  the  mini- 
mum of  free  oil  space  in  the  dry  film. — 
The  physical  property  which  underlies 
the  question  of  correct  consistency  of 
the  paint  is  that  of  viscosity,  and  on  the 
viscosity  depends  to  a  great  extent  the 
efficiency  with  which  the  paint  can  be 
applied.  If  the  viscosity  be  too  high,  the 
paint  film  will  be  too  thick,  and  will  dry 
unevenly  and  imperfectly.  If  the  vis- 
cosity be  too  low,  the  film  will  be  too 
thin  and  the  paint  will  have  a  tendency 
to  run.  No  method  has  yet  been  elab- 
orated by  which  the  correct  consistency 
of  a  protective  coating  can  be  accurately 
determined  before  use.  The  user  can 
protect  himself  only  by  specifying  that 
the  consistency  of  the  paint  shall  be  such 
as  to  enable  a  film  of  a  given  thickness 
to  be  produced  under  stated  conditions. 

The  question  of  free  oil  space  in  a 
paint  film  is  an  extremely  important  one. 
The  real  protective  agent  seems  to  be 
the  pigment,  the  fluid  vehicle  acting 
merely  as  a  binding  or  cementing  me- 
dium. It  has  been  proved  that  the 
smaller  the  amount  of  free  oil  space  the 
more  impervious  to  moisture,  and,  as  a 
rule,  the  more  durable,  will  the  film  be. 
In  selecting  a  protective  paint  a  careful 
examination  of  the  film  should  be  made 
with  the  microscope  to  determine  the 
relative  areas  occupied  by  solid  pigment 
and  transparent  vehicle. 

(h)  The  size  of  the  pigmentary  par- 
ticles should  be  small  and  uniform. — The 
actual  measurement  of  the  small  par- 
ticles of  pigment  is  a  matter  requiring 
some  experience  and  manipulative  skill, 
but  such  measurements  cannot  be  neg- 
lected in  the  physical  testing  of  protec- 
tive coatings.  In  general  it  may  be  said 
that  the  pigment  in  a  paint  may  be  con- 


sidered finely  ground  when  the  largest 
particles  do  not  exceed  o.ooi  inch  in  di- 
ameter. In  a  paint  which  has  proved 
thoroughly  satisfactory  under  service 
conditions  the  largest  particles  were  of 
this  size,  the  smallest  0.0002  inch  in 
diameter,  and  the  average  size  of  the 
particles  was  0.0004  inch.  A  paint  of 
similar  composition  but  which  proved 
unsatisfactory  in  service  had  particles  as 
large  as  0.018  inch  in  diameter,  the 
finest  being  0.0002  inch  and  the  average 
0.008  inch. 

(c)  The  pigment  and  the  vehicle  should 
possess  the  minimum  tendency  to  sepa- 
rate from  each  other. — Theoretically  a 
paint  consisting  of  pigment  and  vehicle 
should  be  in  such  a  state  that  it  flows  like 
a  homogeneous  liquid  without  separation 
into  its  component  parts,  and  it  is  within 
the  power  of  the  manufacturer  to  ap- 
proximate to  this  ideal  condition,  A 
simple  test  can  be  applied  to  determine 
whether  separation  will  occur.  The  paint 
in  a  condition  ready  for  use  is  placed  on 
a  piece  of  sheet  glass,  which  is  then 
stood  vertically  for  one  hour  at  a  tem- 
perature of  100  degrees  F.  No  separa- 
tion of  the  pigment  and  vehicle  should 
be  observable  at  the  end  of  that  time, 
even  though,  to  make  the  test  more  se- 
vere, the  paint  be  thinned  with  raw  lin- 
seed oil. 

(d)  Accelerated  tests. — To  determine 
with  perfect  accuracy  whether  a  mate- 
rial under  test  will  behave  satisfactorily 
under  service  conditions  would  require  a 
whole  series  of  long  and  laborious  expo- 
sure tests,  impossible  under  commercial 
conditions.  It  is  possible,  however,  to 
arrive  at  a  satisfactory  conclusion  by 
exposing  the  paint  to  severe  conditions 
for  a  short  space  of  time  and  examining 
the  films  so  produced  in  order  to  see 
whether  they  are  free  from  the  defects 
which  one  would  expect  to  find  in  them 
after  long  exposure  to  milder  conditions. 

The  physical  tests  applicable  to  the 
film  are  as  follows : — 

(a)  Determination  of  the  thickness 
and  uniformity  of  the  film. — The  actual 
utility  of  the  film  will  depend  greatly 
on  the  thickness  at  the  thinnest  point  and 
it  is,  therefore,  of  importance  to  deter- 
mine whether  the  film  produced  by  a  pro- 
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tectivc  coating  is  likely  to  be  uneven.  The 
average  thickness  of  the  film  can  be  de- 
termined readily  by  calipering  two  pieces 
of  glass  with  a  film  of  paint  between 
them.  Variation  in  the  thickness  of  the 
film  at  different  points  can  be  detected 
with  tlie  microscope.  Inequalities  of 
thickness  are  due  largely  to  variations 
in  the  size  of  the  pigmentary  particles, 
if  the  latter  factor  is  properly  adjusted 
a  film  of  uniform  thickness  is  easily  ob- 
tained. 

(b)  Strength  of  film  as  determined  by 
breaking  machine. — It  is  now  possible  to 
make  accurate  determinations  of  the 
strength  of  films  by  means  of  an  ingen- 
ious instrument  devised  about  two  years 
ago  by  Mr.  R.  S.  Perry.  Considerable 
experimental  work  has  been  done  with 
the  "filmometer"  in  determining  the 
pressure  necessary  to  rupture  various 
paint  films  of  known  thickness,  but  the 
tests  are  not  yet  far  enough  advanced  to 
enable  one  to  predict  from  them  with 
any  certainty  what  relation  exists  be- 
tween them  and  durability  in  service. 
Much  valuable  information  on  the  effect 


of  age  on  the  strength  and  elasticity  of 
a  paint  may  be  expected  in  due  time. 

(c)  Elasticity  of  film. — This  factor 
also  can  be  measured  by  the  tilmometer, 
the  application  of  which  to  technical 
testing  may  be  expected  in  the  near  fu- 
ture. 

(d)  Permeability  of  paint  films  by 
vapors  and  gases. — It  has  been  abun- 
dantly proved  that  all  paint  films  are 
permeable  by  moisture  and  gases.  They 
differ,  however,  in  the  degree  of  per- 
meability, and  the  less  pervious  they  are 
the  better  will  they  effect  their  purpose 
of  protection.  A  method  for  determin- 
ing the  relative  permeability  of  films  has 
been  devised  by  the  Paint  Manufactur- 
ers' Association  of  the  United  States. 

(e)  Hardness  of  surface  of  film. — 
Hardness  is  an  impor*:ant  factor,  since 
many  protective  coatings  have  to  resist 
surface  blows,  abrasions,  etc.  It  can  be 
measured  in  terms  of  a  defining  standard 
by  means  of  an  instrument  devised  by 
Bailie  and  Laurie  and  described  in  the 
Journal  of  the  Royal  Scottish  Society 
of  Arts  for  July,  1906. 


THE  PURIFICATION  OF  WATER  BY  OZONE. 

A    DESCRIPTION    OF    A    SUCCESSFUL    INSTALLATION    IN    THE    CITY    OF    CHARTRES,    FRANCE. 

M.  L.  Borne — Societe  des  Ingenieurs  Civils  de  France. 


THE  problem  of  pure  water  supply 
has  been  solved  at  Chartres, 
France,  a  city  of  about  23,000  in- 
habitants, by  the  addition  to  the  existing 
works  of  apparatus  for  treatment  of  the 
water  by  ozone.  The  waters  of  the 
River  Eure,  from  which  the  supply  for 
Chartres  is  drawn,  contain  numerous 
bacteria,  many  of  them  of  a  pathogenic 
character.  These  are  entirely  removed 
by  the  ozone  treatment.  The  apparatus 
installed,  which  has  a  capacity  of  'about 
6,000  cubic  metres  (1,600,000  gallons) 
per  day,  represents  an  outlay  of  only 
$70,000.  The  low  first  cost  of  this  plant 
and  its  complete  success  are  evidence 
of  the  economy  and  efficiency  of  the 
process.  We  take  a  few  details  of 
the  practice  at  Chartres  from  a  recent 
paper  by  M.  L.  Borne,  read  before  the 
Societe  des  Ingenieurs  Civils  de  France. 


Power  is  supplied  by  two  40  horse 
power  steam  engines,  one  of  which  is 
held  in  reserve.  Each  engine  drives  an 
alternator.  The  water  is  raised  to  the 
filter  plant  by  means  of  a  centrifugal 
pump.  The  apparatus  for  the  production 
of  the  ozone  is  wholly  enclosed  in  glass. 
It  consists  of  two  hollow  metallic  elec 
trodes,  separated  by  glass  and  cooled  by 
jets  of  water,  which  receive  the  current, 
at  500  periods  and  15,000  volts,  from 
the  generator.  The  ozone  is  produced  by 
the  sparkling  between  the  electrodes. 
Cooled  and  dried  air  is  supplied  to  the 
case  containing  the  ozone  apparatus  by 
means  of  a  fan.  The  ozonated  air  is  led 
to  a  Gay-Lussac  tower  which  receives  at 
the  top  the  water  to  be  sterilized.  The 
tower  has  two  compartments,  each  i>^> 
by  7  metres,  filled  with  crushed  flint  to  a 
depth  of  4^2  metres. 
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The  sterilization  of  I  cubic  metre, 
(265  gallons)  of  water  requires  370  litres 
of  air  containing  5/6  milligram  of  ozone 
per  litre.  A  little  more  than  2  grams  of 
ozone  are  required,  therefore,  for  each 
cubic  metre  of  Eure  water  treated.  The 
amount  of  ozone  required  varies,  of 
course,  with  the  amount  of  organic  mat- 
ter in  the  water.  That  of  the  Chartres 
supply  contains  about  3  milligrams  of 
organic  matter  per  litre. 

The  clarifying  plant  comprises  ten 
sand  filters,  6  by  7  metres,  with  a  sand 
bed  I  metre  thick  supported  on  iron 
grills  which  allow  the  escape  of  the 
water  and  facilitate  mechanical  cleaning 
of  the  filters.  The  capacity  of  these  fil- 
ters is  about  15  to  20  cubic  metres  per 
square  metre  of  filter  surface  per  day. 
Before  reaching  .the  sand  filters,  the 
water  passes  through  biological  filters 
filled  with  coke,  two  of  which  precede 
each  sand  filter  and  are  operated  alter- 
nately. In  them  the  water  is  subjected 
to  an  oxidizing  action,  and  about  80  per 
cent,  of  the  bacteria  are  removed. 

The  filter  plant  with  piping  and  appli- 
ances for  cleaning  cost  90,000  francs  and 
the  building  containing  the  filters,  60,000 


francs.  The  first  cost  was  therefore  25 
francs  per  cubic  metre  of  water  treated 
per  day.  The  ozone  installation  cost 
110,000  francs,  inclusive  of  the  steriliz- 
ing tower.  Adding  to  these  amounts  the 
cost  of  the  land,  the  electric  plant  and 
the  piping  connecting  the  two  plants,  the 
total  cost  of  the  water  treatment  works 
was  350,000  francs  for  a  capacity  of 
6,000  cubic  metres  per  day,  a  first  cost 
of  58  francs  per  cubic  metre.  Excluding 
the  cost  of  the  land  this  is  reduced  to  50 
francs  per  cubic  metre. 

Purification  plants  embodying  in  their 
design  all  modern  improvements  are 
higher  in  first  cost  than  those  of  the  old 
types,  but  the  cost  of  ozone  treatment  in- 
creases only  very  slightly  the  unit  cost 
of  operation.  Allowing  5  per  cent,  in- 
terest on  capital  and  a  plant  life  of  forty 
years,  the  purification  of  water  contain- 
ing not  more  than  i  milligram  of  organic 
matter  per  litre  varies  between  0.025 
and  0.013  francs  per  cubic  metre  when 
ozone  sterilization  is  used,  according  to 
whether  clarification  of  the  water  is  nec- 
essary. The  cost  of  filtration  without 
sterilization  varies  between  o.oio  and 
0.015  francs  per  cubic  metre. 


THE   PROPOSED  NATIONAL  SHIP   CANAL  IN   SCOTLAND. 

AN    OUTLINE   OF   THE   PROJECT   FOR   A   DEEP-WATER   CANAL   BETWEEN    THE   FIRTH    OF 

FORTH    AND   THE   FIRTH    OF   CLYDE. 

Engineering. 


THE  proposal  to  cut  a  ship  canal 
from  the  North  Sea  to  the  At- 
lantic sea  board  of  Scotland,  of 
suitable  depth  and  width  to  accommo- 
date the  largest  warships,  has  again 
been  brought  before  the  Royal  Commis- 
sion on  Canals  and  Waterways.  There 
exist  at  present  two  canals  across  Scot- 
land, one  of  which  is  used  only  by 
barges.  The  other  is  owned  by  the  Gov- 
ernment but  will  accommodate  vessels  of 
only  17  feet  draught.  The  agitation  for 
a  deep-water  canal  has  received  a  great 
impetus  since  the  development  of  the 
naval  policy  of  Germany,  and  it  is  not 
improbable  that  the  Government  may  be 
forced  by  the  present  state  of  the  national 
temper  to  authorize  its  immediate  con- 


struction. We  abstract  the  following 
brief  review  of  the  project  from  an  edi- 
torial discussion  in  Engineering  for 
April  23. 

The  construction  of  a  naval  base  at 
Rosyth,  on  the  Firth  of  Forth,  is  urged 
as  an  important  reason  for  building  a 
canal  of  adequate  size  to  meet  the  pro- 
spective needs  of  a  war  fleet.  Of  the 
strategic  advantage  of  such  a  water- 
way in  the  concentration  of  a  fleet  in 
the  North  Sea  there  can  be  no  question. 
The  passage  around  the  north  of  Scot- 
land is  difficult  and  dangerous,  and  the 
junction  of  the  Atlantic  Fleet,  located 
in  the  English  Channel,  with  the  Home 
Fleet,  located  at  the  Nore  and  in  the 
north,  might  be  a  difficult  operation  with 
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the  existence  in  the  North  Sea  of  an 
opposing  fleet  superior  to  either.  The 
canal  would  undoubtedly  add  materially 
to  the  mobility  of  the  fleet. 

The  location  of  the  naval  base  at 
Rosyth,  further  inland  than  the  Forth 
bridge,  was  opposed  on  the  ground  that 
the  destruction  of  the  latter  might  cause 
serious  obstacles  to  the  movement  of  a 
fleet  from  Rosyth.  While  the  water  at 
the  Forth  bridge  is  so  deep  that  the 
debris  would  not  be  likely  wholly  to  ob- 
struct navigation,  there  may  be  justifica- 
tion for  the  suggestion  that  an  emer- 
gency canal  should  be  constructed  to  the 
north  of  the  bridge.  This  canal,  which 
would  need  to  be  only  two  miles  long, 
would  be  supplementary  to  the  ship  canal 
across  Scotland.  The  latter  would  inci- 
dentally meet  the  same  difficulty,  but  its 
main  function  is  the  connection  of  the 
North  Sea  with  the  Atlantic. 

An  equally  important  advantage 
claimed  for  the  canal  is  that  it  would 
place  at  the  service  of  the  Navy  authori- 
ties the  immense  naval  construction  fa- 
cilities of  the  Clyde  and  the  West  Coast 
generally.  The  present  scheme  for  the 
equipment  of  Rosyth  contemplates  the 
building  of  one  graving  dock,  in  addition 
to  the  large  entrance  lock  which  will 
serve  the  same  purpose  as  a  dry  dock, 
and  the  installation  of  machine  shops  of 
considerable  size.  The  whole  plant,  how- 
ever, will  be  no  more  extensive  than  will 
be  required  for  the  routine  overhaul  of 
ships  during  peace  time.  It  will  be  en- 
tirely inadequate  for  the  repair  and  re- 
construction of  ships  severely  damaged 
in  war.  Indeed,  the  equipment  of  Rosyth 
for  undertaking  such  extraordinary  work 
must  be  condemned  from  the  point  of 
view  of  national  economics.  The  cost 
would  be  immensely  greater  than  the  ex- 
pense of  cutting  a  ship  canal,  and  it  is 
a  subject  for  serious  reflection  whether 
the  canal  would  not  yield  a  much  higher 
advantage  in  war  time  than  an  elaborate 
establishment  at  Rosyth,  which  would  be 
more  or  less  non-productive  in  peace 
time. 

The  canal  would  also  be  of  importance 
from  the  point  of  view  of  commerce. 
The  distance  by  water  from  Glasgow  to 
Edinburgh    by    the    north    route    is    500 


miles,  and  by  the  south  route,  900  miles. 
By  canal  it  would  be  only  65  miles.  Some 
of  the  other  reductions  in  di-^tance  are 
as  follows : 

Miles. 

London  to  Belfast 100 

London  to  Glasgow 271 

Hull    to    Liverpool 264 

Hull    to    Belfast 298 

Hull    to    Glasgow 626 

Newcastle,  ( Belfast     298 

Shields,   <  Liverpool     333 

Sic.         (.Glasgow     449 

Aberdeen   to   Glasgow 341 

Aberdeen  to   Liverpool 218 

Aberdeen  to  Irish  Ports 300 

Dundee  to  Glasgow 434 

Dundee    to    Liverpool 318 

Dundee   to    Belfast,    &c 204 

Hamburg   to    Glasgow 487 

Copenhagen  to  Glasgow 487 

'Tor  coastwise  traffic,  the  distance 
from  Glasgow  to  harbours  south  of  the 
Forth  on  the  coast  of  Scotland  and 
England  would  be  nearly  400  miles  less; 
while  to  the  Skager  Rack,  for  the  Baltic 
ports,  the  relative  distances  would  be  540 
miles  by  canal,  and  780  miles  by  the 
Pentland  Firth.  For  west-bound  traffic 
the  mileage  for  shipping  from  the  Forth 
to  ports  on  the  north-west  of  England 
and  Liverpool  would  be  275  miles,  as 
against  675  miles;  and  to  Cape  Finis- 
terre,  890  miles  by  the  canal,  as  against 
1,065  miles  by  the  English  channel.  These 
savings  are  of  great  advantage,  both 
east-bound  and  west-bound,  in  view  of 
the,  extensive  export  of  coal  from  the 
Forth  and  Clyde  ports,  apart  altogether 
from  general  merchandise.  For  traffic 
between  the  north-west  ports  of  Europe 
and  America,  as  already  indicated,  the 
hazardous  nature  of  navigation  round 
the  North  of  Scotland  would  favor  the 
canal  route.  This  north-west  passage  is 
taken  by  about  5,000  vessels  per  annum, 
representing  a  tonnage  of  4  million  tons, 
so  that  there  are  here  considerable  po- 
tentialities for  development  of  canal 
traffic.  Messrs.  D.  and  C.  Stevenson,  of 
Edinburgh,  who  have  been  consulted  in 
the  matter,  estimate  from  Board  of 
Trade  returns  that  there  might  be  avail- 
able almost  at  once  from  5  to  7  million 
tons.  They  consider  that  in  view,  not 
only  of  the  saving  in  the  cost  of  steam- 
ing by  using  the  canal  instead  of  the 
Northern  Sea  passage,  the  reduction  in 
time  required  for  the  voyage,  and  the 
possible  increase  in  the  number  of  voy- 
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ages  made  per  annum,  with  increased 
profits,  there  might  be  justification  for 
an  average  canal  rate  of  is.  6d.  per  ton. 
This,  they  consider,  would  in  the  near 
future  yield  a  revenue  sufficient  to  pay 
from  2  to  2  1-2  per  cent,  on  the  total 
cost."  It  is  proposed  that  the  Go\exn- 
ment  undertake  the  work,  or,  at  least, 
guarantee  such  a  rate  of  interest  as 
would  enable  the  capital,  estimated  at 
about  20  millions  sterling,  to  be  publicly 
subscribed. 

"As  to  the  dimensions  of  the  canal 
there  is  no  room  for  any  difference  of 
opinion.  It  must  be  capable  of  taking 
the  largest  of  battleships,  even  when 
waterlogged,  and  consequently  any  depth 
less  than  36  feet  would  be  unsatisfac- 
tory. The  width  at  bottom  should  not 
be  less  than  100  feet,  and  a  further  dis- 
ideratum  is  that  there  should  be  a  mini- 
mum number  of  locks.  Two  routes  have 
been  suggested.  One  of  these,  as  shown 
on  the  map,  follows  the  line  of  the  pres- 
ent canal  and  debouches  into  the  River 
Clyde  at  Yoker,  3  or  4  miles  west  of 
Glasgow."  The  excavation  would  be 
in  easy  material,  but  at  some  points  the 
cutting  would  be  160  feet  deep.  The 
contour  of  the  country,  however,  is  not 
so  favorable  to  a  canal  as  the  Stirling 
and  Lock  Lomond  route,  also  shown  on 
the  map,  which,  though  longer,  woul-d 
require  no  locks  except  at  the  terminals. 
The  advantage  in  length  of  the  "high- 
level"  route  would  be  largely  nullified 
by  the  numerous  locks,  for  which  it 
might  be  difficult  to  obtain  the  necessary 
water  supply,  and  by  the  difficult  navi- 
gation of  the  narrow  and  congested  part 
of  the  River  Clyde,  between  Yoker  and 
the  large  shipyards. 

The  route  which  finds  the  most  favor, 
and  has  been  strongly  advocated  by 
Messrs.  Stevenson  after  a  full  survey  of 
all  possible  routes,  begins  on  the  Firth, 
near  Grangemouth,  extending  westward 
along  the  valley  of  the  Forth.  To 
within  10  miles  of  Loch  Lomond  the 
contour  of  the  country  is  particularly 
favorable  to  the  construction  of  a  canal, 
but  at  this  point  the  ground  rises  to  an 
ultimate  height  of  260  feet  above  sea 
level,  dipping  again  to  the  level  of  Loch 
Lomond,  22  feet  above  sea  level.     The 


distance  across  this  high  ground  between 
50  foot  contours  is  about  8  miles,  and 
between  200  foot  contours  about  i^ 
miles.  The  excavation  would  be  in  the 
old  red  sandstone,  and,  though  deep, 
need  not  be  broad. 

From  Loch  Lomond  there  are  two 
alternative  routes.  One  is  by  the  valley 
of  the  Leven,  through  Balloch,  Alexan- 
dria, and  Dumbarton,  on  the  Clyde;  the 
other  is  from  Loch  Lomond  to  Loch 
Long,  across  the  narrow  neck  of  land 
at  Tarbet.  The  former  route  has  the 
advantage  of  length,  but  it  also  de- 
bouches into  the  narrow  and  congested 
part  of  the  Clyde.  Moreover,  though 
73^  miles  shorter  than  the  Tarbet  route, 
the  route  through  the  Leven  valley  would 
require  three  or  four  miles  of  additional 
canal.  "On  the  Tarbet  route  from  Loch 
Lomond  the  ships  would  traverse  13^ 
miles  of  the  loch,  which  is  sufficiently 
deep  for  all  practical  purposes,  to  Tar- 
bet, where  there  is  only  a  distance  over- 
land of  i^  miles  to  Loch  Long,  with  a 
railway  crossing.  This  ground,  however, 
ascends  to  a  height  of  130  feet  above 
the  mean  sea  level,  but  as  soon  as  this 
is  traversed  vessels  can  steam  full  speed 
down  Loch  Long  to  the  Clyde  and  then 
to  the  sea.  Loch  Lomond  would  be  the 
summit  level,  and  as  it  has  a  water  area 
of  21,000  acres,  and  a  gathering  area  of 
290  square  miles,  there  is  an  inexhaus- 
tible supply. for  the  locks  at  each  end. 
The  difference  in  the  level  is  13  feet  and 
17  feet  above  high-water  level  at  the 
Forth  and  the  Clyde  respectively. 

"The  total  distance  from  the  Forth  to 
the  Firth  of  Clyde  at  the  mouth  of  Loch 
Long  is  68>^  statute  miles,  but  of  this 
distance  285^  miles  is  made  up  by  Loch 
Lomond  and  Loch  Long,  so  that  the 
length  of  cutting  would  be  40  miles,  in 
addition  to  the  deepening  of  the  Forth 
from  opposite  Grangemouth  to  the  canal 
lock.  The  total  distance  from  Grange- 
mouth to  about  the  same  point  in  the 
Firth  of  Clyde  by  the  'high-level'  route, 
debouching  at  Yoker,  is  50^  statute 
miles,  which  gives  an  advantage  of  18 
miles;  but  owing  to  the  crowded  channel, 
of  the  Clyde  from  Yoker,  about  20  miles  ^ 
from  the  Firth,  the  time  occupied,  esti- 
mating 6  knots  for  the  canal  and  river, 
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and  12  knots  for  open  water,  and  20  min- 
utes for  each  lock,  would  be  8^  hours 
by  the  Loch  Lomond  route,  and  11^ 
hours  by  the  other  route. 

"The  proposal  is  to  make  the  locks  at 
Grangemouth  and  at  Loch  Long  900 
feet  long  and  100  feet  wide,  with  small 
locks  alongside,  450  feet  long  by  45  feet 
wide.  The  Caledonian  main  line  crosses 
the  route  at  Stirling,  in  addition  to  four 
local  or  branch  lines,  while  many  public 
roads  also  pass  over  the  proposed  route. 
In  this  respect  the  Loch  Lomond  route 
has  probably  an  advantage.  Originally 
it  was  proposed  to  have  swing-bridges, 
but  in  order  to  minimise  possible  objec- 
tion, it  has  been  decided  that  high-level 


bridges  should  be  constructed  for  rail- 
ways. This  increases  the  capital  cost 
by  a  million  sterling.  It  is  estimated 
that  for  a  canal  with  36  feet  draught  of 
water  the  total  cost  would  be  20  millions 
sterling.  This,  however,  might  be  re- 
duced if  the  level  of  Loch  Lomond  were 
raised  by  the  construction  of  a  dam  at 
Balloch,  a  point  which  might  further  be 
achieved  by  the  formation  there  of  a 
deeper  lock  than  at  Tarbet,  and  the 
canalisation  of  the  valley  of  the  Leven. 
These  figures  might  be  somewhat  modi- 
fied by  a  complete  survey,  but  a  good 
case  has  been  made  for  the  full  con- 
sideration of  the  scheme,  especially  in 
the  light  of  recent  naval  developments." 


THE  RELIABILITY  OF  LARGE  GAS  ENGINES. 

A    SUGGESTION    OF    ITS    IMPROVEMENT    BY    PKE-COMPRESSION    OF    THE   CHARGE    AND    THE 

USE   OF   EXHAUST    GAS    TURBINES. 

Felix  Langen — Zcitschrift  fiir  das  gcsamte  Turhincnwcscn. 


RECENT  practice  in  the  design  of 
large  gas  engines  has  shown  a 
strong  tendency  towards  the  re- 
duction of  the  size  of  cylinders  to  as 
small  dimensions  as  practicable.  This 
has  been  due  to  the  appreciation  of  two 
facts,  the  practical  difficulty  of  building 
large-diameter  cylinders  strong  enough 
to  withstand  the  high  stresses  to  which 
they  are  exposed  and  at  the  same  time 
free  from  the  danger  of  rupture  under 
unequal  expansions,  and  the  fact  that  in- 
crease in  cylinder  and  other  dimensions 
requires  an  increased  expenditure  in 
metal  and  workmanship  in  greater  pro- 
portion than  increase  of  power  obtained. 
Herr  Felix  Langen,  writing  in  the  Zeit- 
schrift  fiir  das  gcsamte  Turhincnzvesen 
for  April  30,  emphasizes  the  fact  that 
the  large  size  of  cylinders,  pistons  and 
valves  has  been  largely  responsible  for 
the  lack  of  reliability  which  has  pre- 
vented the  rapid  general  adoption  of  the 
large  gas  engine.  He  suggests  as  a 
means  of  reducing  cylinder  dimensions 
the  pre-compression  of  the  charge  and 
the  use  of  gas  turbines  for  utilizing  the 
power  in  the  exhaust  gases. 

The  desideratum  is  the   reduction   of 
cylinder    dimensions    relatively    to    the 


volume  of  the  charge  at  atmospheric 
pressure.  It  is  apparent  that  the  cylinder 
can  be  reduced  in  size  proportionately  to 
the  compression  of  the  mixture  above  at- 
mospheric pressure  before  it  reaches  the 
inlet  valve.  Against  the  saving  in  cyl- 
inder metal  and  workmanship  would 
have  to  be  set  the  cost  of  the  large 
charging  pump.  There  would  be  a  drop 
in  efficiency,  due  to  the  power  demands 
of  the  pump  and  the  imperfect  expan- 
sion of  the  gas  in  the  engine  cylinder. 

Experience  with  turbine  machinery 
has  shown  that  rotary  machines  like  the 
fan,  centrifugal  pump  and  steam  turbine 
are  best  suited  to  large  volumes  at  com- 
paratively low  pressure.  On  the  other 
hand,  the  best  field  for  the  piston  ma- 
chine, whether  pump  or  motor,  is  for 
small  volumes  at  high  pressure.  The 
successful  combination  of  the  low-pres- 
sure steam  turbine  with  the  high-pressure 
reciprocating  engine  suggests  that  a  sim- 
ilar combination  could  be  made  effec- 
tively with  gas  machines  also.  The  oper- 
ation would  be  as  follows :  the  charge 
would  be  compressed  by  a  high-pressure 
fan  or  turbo-compressor.  Proportion- 
ately to  the  increase  in  pressure  the  suc- 
tion volume  can  be  reduced,  and  in  a  less 
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proportion  the  cylinder  dimensions.  At 
four  atmospheres,  the  suction  volume 
could  be  reduced  to  one-quarter  and  the 
cylinder  dimensions  to  one-half  of  those 
necessary  with  the  charge  at  atmos- 
pheric pressure.  A  pre-compression  of 
a  single  metre  of  water,  such  as  could  be 
secured  with  a  high-pressure  fan,  could 
be  applied  with  advantage  to  the  charge 
used  in  existing  engines.  An  overload 
capacity  of  at  least  lo  per  cent,  could 
easily  be  obtained  by  this  means.  For 
effective  reduction  of  cylinder .  dimen- 
sions, however,  a  compression  of  several 
atmospheres  is  necessary.  This  can  be 
obtained  with  turbo-compressors  of  the 
Rateau  type  which  have  already  given 
pressures  up  to  eight  atmospheres.  The 
four  atmospheres  which  would  be  re- 
quired for  the  compression  of  the  charge 
could  be  obtained  with  a  fairly  small 
three-stage  machine.  By  cooling  the  mix- 
ture between  stages  and  also  before  it 
enters  the  cylinder,  compression  in  the 
latter  may  be  materially  increased  with- 
out danger  of  pre-ignition. 

Without  pre-compression  the  tempera- 
ture of  the  exhaust  gases  at  the  end  of 
the  working  stroke  is  about  i,ooo  degrees 
absolute,  and  the  pressure  about  three  at- 
mospheres absolute.  With  pre-compres- 
sion the  final  pressure  would  be  about 
12  atmospheres.  The  efficiency  of  the 
engine  would  be  the  same  in  each  case, 
since  the  pressure  ratios  and  tempera- 
ture drop  would  be  identical.  Only  the 
power  consumption  of  the  compressor 
would  affect  the  efficiency,  and  of  this 


a  part  would  be  returned  in  work  on  the 
piston  during  the  suction  stroke.  There 
is  no  reason  why  a  reliable  turbine  could 
not  be  built  to  utilize  the  energy  in  the 
exhaust  gases,  which  would  be  at  a  tern-  -Jj 
perature  of  i,ooo  degrees  absolute  and  12  * 
atmospheres  pressure.  Expansion  to  at- 
mospheric pressure  would  reduce  the 
temperature  to  490  degrees  absolute. 
Friction,  however,  would  raise  it  to  about 
700  degrees  absolute,  or  around  430  de- 
grees C.  The  speed  of  the  gases  would 
be  about  1,000  metres  per  second.  This 
would  demand  in  a  single-stage  turbine 
a  rotor  of  500  mm.  diameter  and  a  speed 
of  12,500  revolutions  per  minute. 

Herr  Langen  demonstrates  that  the 
turbine  would  deliver  more  than  enough 
power  to  run  the  compressor.  There 
would  be  no  difficulty  in  direct  connecting 
turbine  and  compressor.  They  might  even 
be  built  as  one  unit.  If  the  power  of 
the  turbine  is  in  excess  of  that  used  to 
compress  the  charge,  the  extra  power 
might  be  utilized  to  drive  a  high-speed 
air  compressor.  If  a  reciprocating  com- 
pressor is  driven  from  the  engine,  tlie 
air  for  this  could  be  pre-compressed  and 
a  reduction  of  cylinder  dimensions  ef- 
fected. In  general,  however,  it  would  bs 
wise  to  apply  the  power  of  the  turbine 
only  to  the  compression  of  the  charge. 
By  pre-compression  and  the  use  of  an 
exhaust  gas  turbine,  the  cost  of  a  gas 
engine  in  materials  and  labor  may  be 
reduced  more  than  five  times  the  cost 
of  the  combined  compressor  and  turbine 
installation. 


MARINE    INTERNAL-COMBUSTION   ENGINES. 

SOME    CONSIDERATIONS    ON    THEIR    WEIGHT    AND    SPACE    REQUIREMENTS    AS    COMPARED 

WITH    STEAM    EQUIPMENT. 

H.  C.  Anstey — Institution  of  Naval  Architects. 


THE  principal  advantages  claimed 
for  the  internal-combustion  en- 
gine are  economy  in  fuel,  weight 
and  space.  There  are  abundant  data  to 
substantiate  the  claim  that  the  least  eco- 
nomical of  internal-combustion  engines 
is  more  economical  in  fuel  than  the  best 
steam  engine;  on  this  fact  most  of  the 
discussions  of  the  possibility  of  applying 


combustion  motors  on  a  large  scale  to 
marine  propulsion  have  been  based.  Con- 
cerning the  economy  of  weight  and  space 
which  may  be  expected  in  large  installa- 
tions, however,  very  little  definite  in- 
formation is  available.  Mr.  H.  C.  Anstey, 
who  read  a  paper  on  the  subject  at  the 
recent  meeting  of  the  Institution  of 
Naval    Architects,    has    done   a   distinct 


REVIEW    OP   THE   ENGINEERING   PRESS. 


6/5 


service  in  presenting  in  brief  form  the 
considerations  on  which  an  estimate  can 
be  based.  The  paper  is  printed  in  full 
in  Engineering  for  April  9;  the  follow- 
ing abstract  summarizes  the  main  points 
of  Mr.  Anstey's  discussion. 

"Some  very  remarkable  results  have 
been  obtained  with  small  petrol  engines 
in  respect  to  power  developed  on  a  given 
weight,  but  it  is  to  be  remembered  that 
this  extreme  lightness  is  due  principally 
to  two  causes,  viz.: — (i)  A  high  speed 
of  revolution,  and  (2)  the  use  of  special 
materials  of  construction.  No  part  of  the* 
extreme  lightness  is  due  directly  to  the 
engine  being  of  the  explosive  type.  There 
are  certain  conditions  incidental  to  the 
internal-combustion  engine  which  make 
higher  speeds  of  revolution  possible  than 
are  possible  or  advisable  with  a  recipro- 
cating steam  engine  of  similar  size.  To 
arrive  at  a  proper  sense  of  proportion  on 
the  question  of  weight  and  space,  it  is 
desirable  to  examine  it  on  broad  mechan- 
ical principles.  Of  the  factors  which  to- 
gether make  up.  the  horse-power  of  an 
engine,  the  only  one  which  in  an  engine 
of  given  power  may  be  altered  without 
affecting  its  weight  is  the  number  of  rev- 
olutions, subject  always  to  the  considera- 
tion that  the  inertia  forces  due  to  the 
speed  are  not  such  as  to  require  special 
strength  and  weight  of  parts  and  founda- 
tions. 

"From  the  factors  in  the  formula  for 
horse-power,  it  follows  that  if  we  assume 
piston  area,  stroke,  and  number  of  revo- 
lutions to  be  constant,  the  power  is  pro- 
portional to  the  mean  pressure.  The 
weight,  but  in  the  internal-combustion 
tional  to  the  maximum  pressure  for 
which  the  engine  has  to  be  designed,  and 
the  horse-power  per  ton  is,  therefore, 
proportional  to  the  ratio,  mean  to  maxi- 
mum. In  considering  what  this  ratio  is 
in  a  marine  steam  engine  we  are  faced 
with  the  difficulty  that  the  power  is  di- 
vided between  several  cylinders,  each 
having  a  different  ratio  of  maximum  to 
mean,  but  for  purposes  of  comparison  we 
shall  probably  not  be  far  wrong  if  we  as- 
sume that  the  whole  of  the  expansion  is 
carried  out  in  the  low-pressure  cylinder 
which  develops  the  whole  power  and  is 
credited  w^ith  the  whole  of  the  weight. 


Under    this    assumption    the    maximum 
pressure  will  be,  say  250  pounds  and  the 
mean  50  pounds,  giving  a  ratio  of  maxi- 
mum to  mean  of  5.    This  ratio  will  vary 
with  the  ratio  of  expansion,  and  will  be 
generally    higher    in    the    merchant   ser- 
vice   than    in    naval    practice.      In    in- 
ternal-combustion   engines,    in    spite    of 
variety     of     type,     there     is     not     very 
great  variation  in  this  ratio.    In  the  en- 
gine with  which  the  author  is  best  ac- 
quainted it  is  approximately  4.    In  petrol 
engines  it  will  be  rather  less,  and  in  en- 
gines using  a  high  compression  it  will  be 
somewhat  more.     Taking  the  ratio  as  4, 
it  must  be  corrected  for  the   cycle  em- 
ployed,  and   as   the   internal-combustion 
engine  has  in  most  types  only  one  work- 
ing stroke  in  four,  the  ratio  must  be  mul- 
tiplied   by    four,    and    the    comparative 
figures  will  then  be,  for  the  steam  en- 
gine 5,  for  the  internal  combustion  en- 
gine 16;  that  is  to  say,  considered  from 
the  point  of  view  of  pressure  alone,  the 
horse-power  per  ton  in  an  internal  com- 
bustion engine  will  be   1/3.2  times  that 
of  a  steam  engine  of  the  same  linear  di- 
mensions. 

"There  are,  however,  certain  factors  to 
be  considered  which  will  make  the  com- 
parison more  favourable  to  the  internal- 
combustion  engine.  First,  the  items  of 
weight,  but  in  the  internal-combustion 
rectly  proportional  to  the  horse-power 
account  for  a  fair  proportion  of  the  total 
weight,  but  in  the  internal-combustion 
engine  the  proportion  of  similar  parts 
will  be  very  much  less. 

"Taking  the  three  factors,  lighter  ac- 
cessories, lighter  parts,  and  higher  pos- 
sible speeds  of  revolution  into  consider- 
ation, it  would  appear  that  the  figure 
1/3.2,  which  was  arrived  at  from  consid- 
erations of  maximum  and  mean  pressure 
alone,  can  be  considerably  increased. 
How  much  it  may  be  increased  is  more 
or  less  a  matter  of  conjecture,  but  it 
will  possibly  be  of  the  order  of  1/1.5  to 
1/2.5,  so  that  for  engines  of  the  same 
linear  dimensions  the  horse-power  per 
ton  will  in  the  internal  combustion  en- 
gine only  be  about  one-half  w^hat  it  will 
be  in  a  steam  engine. 

"So  far  we  have  left  out  of  account 
the   question   of   weight   of  boilers   and 
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their  accessories.  These  will  have  a 
counterpart  in  the  gas  producers  for  the 
gas  engine,  but  have  no  equivalent  in  the 
oil  engine.  So  far  as  the  gas  engine 
is  concerned,  the  weight  and  space  re- 
quired for  producers  is  largely  dependent 
upon  the  type  of  fuel  used  and  the 
cleaning  arrangements  necessary  to- deal 
with  the  gas,  and  this  is  too  large  a 
subject  for  the  present  paper.  As  the 
weight  of  boilers  is  usually  about  equal 
to  the  weight  of  engines,  it  follows  from 
the  above  conclusion  that  the  horse- 
power per  ton  will,  for  the  complete 
installation,  be  about  equal  to  that  of  an 
oil  engine  of  the  same  linear  dimen- 
sions as  the  steam  engine.  It  is  possible 
that  there  may  be  some  saving,  but  it 
appears  certain  that  if  the  internal-com- 
bustion engine  is  to  develop  on  lines 
parallel  to  that  of  the  steam  engine,  that 
is  with  few  cylinders,  there  will  be  no 
very  great  saving,  such  as  has  some- 
times been  imagined  by  inference  from 
units,  where  the  speed  of  revolution  is 
high. 

"The  permissible  speed  of  revolution 
can  be  connected  with  the  diameter  of 
cylinder  in  the  following  manner : — The 
reciprocating  weights  per  square  inch  of 
piston  increase  with  the  diameter,  and 
are  approximately  proportional  thereto, 
and  it  can  be  shown  that  for  a  given 
piston  speed  the  permissible  speed  of  rev- 
olution varies  inversely  as  the  diameter. 
It  follows,  therefore,  that  a  necessary 
condition  of  high  speed  of  revolution  and 
higher  power  per  ton  of  weight  is  a  small 
diameter  of  cylinder. 

"The  direction  then  in  which  light 
weight  is  to  be  sought  lies  in  keeping 
down  the  diameter  of  the  cylinder,  thus 
allowing  a  higher  speed  of  revolution; 
but  for  large  powers  this  involves  a  large 
number  of  cylinders.  That  a  larger  num- 
ber of  cylinders  than  usual  with  steam 
practice  is  inevitable  is  apparent  from 
considerations  of  uniformity  of  turning 
moment,  but  how  far  the  number  can  be 
advisedly  increased  can  only  be  deter- 
mined by  experience.  Up  to  the  present 
sixteen  cylinders  have  been  used  on  one 
shaft,  and  there  seems  no  reason  why 
this  number  should  not  be  increased  by 
successive  steps  of  four  or  more  cylin- 


ders at  each  step.  The  powers,  however, 
which  have  been  obtained  per  cylinder  in 
engines  whose  design  admits  of  applica- 
tion to  propulsion  are  not  large,  prob- 
ably not  exceeding  loo  horse  power,  and 
until  the  unit  is  largely  increased  the 
very  large  powers  required  in  many  pres- 
ent-day vessels  are  out  of  reach  of  the 
internal-combustion  engine,  the  immedi- 
ate application  of  which  would  appear  to 
be  concerned  mainly  in  the  propulsion  of 
boats  and  small  vessels.  In  powers,  say, 
of  500  horse  power  on  one  shaft,  it  ap- 
pears reasonable  to  expect  12  to  15  horse 
power  per  ton  of  machmery  weight,  and 
though  this  is  low  compared  with  larger 
powered  engines  for  naval  work,  it  is 
higher  than  the  ordinary  run  of  mer- 
chant service  practice.  The  figures  given 
above  refer  to  a  complete  installation  of 
oil  engines,  without  auxiliaries ;  the 
weights  will  be  greater  with  gas  en- 
gines, for  the  reasons  already  given. 

"In  connection  with  the  use  of  a  large 
number  of  cylinders,  some  reference 
should  be  made  to  the^  proposals  which 
have  been  made  from  time  to  time  for 
transmitting  power  from  engine  to  pro- 
peller electrically.  The  problem  of  elec- 
tric propulsion  is  one  of  great  interest, 
and  its  adoption  in  special  circumstances 
may  be  justified,  but  it  would  seem  that 
generally  it  does  not  offer  sufficient  com- 
mercial advantages  for  mercantile  work, 
and  on  the  other  hand,  for  naval  work  it 
cannot  compete  with  existing  steam  ma- 
chinery in  the  all-important  considera- 
tions of  weight  and  space. 

"The  question  of  the  economical  ap- 
plication of  the  internal-combustion  en- 
gine to  propulsion  in  large  size,  whether 
the  economy  is  viewed  from  the  stand- 
point of  cost,  weight,  or  space,  is  largely 
bound  up  with  the  problem  of  making 
a  reliable  reversing  engine.  In  small 
sizes,  the  familiar  devices  of  reversing 
propeller  or  reversing  clutch  will,  no 
doubt,  do  all  that  is  required,  but  few,  if 
any,  marine  engineers  would  care  to  con- 
template their  adoption  in  thousands  or 
even  several  hundreds  of  horse-power. 

"An  account  of  a  successful  experi- 
ment in  a  reversing  engine  of  80  brake 
horse-power  of  the  Hornby  type  has  been 
given  by  the  author  in  another  place.  The 
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method  there  described  is  applicable  to 
larger  engines  of  this  type.  With  such 
a  reversing  engine  there  is  a  possibility 
of  considerable  saving  in  space  over 
steam  machinery,  and  as  compared  with 
mercantile  practice,  some  appreciable 
saving  in  weight  without  reference  to 
saving  in  quantity  of  fuel  carried.  The 
main  claims,  however,  which  the  internal- 
combustion  engine  has  for  consideration 
are  in  the  superior  fuel  economy  and 
smaller  number  of  men  required  for 
working,  and  these  claims  are  so  unques- 
tionable that  there  appears  no  reasonable 
doubt  that  it  must  eventually,  in  a  large 


number  of  cases,  take  the  place  of  steam 
machinery  for  marine  propulsion,  as  it  is 
now  doing  on  a  large  scale  in  stationary 
land  practice. 

"The  author  has  endeavored  to  place 
the  question  of  weight  and  space  re- 
quired for  internal  combustion  engines  in 
its  true  perspective,  and  although  the 
saving,  particularly  in  space,  will  in  most 
cases  be  real,  he  would  repeat  that,  on 
the  whole,  there  will  be  no  great  saving 
in  weight  such  as  has  sometimes  been 
imagined  by  inference  from  results  ob- 
tained in  land  and  marine  practice  in 
small  units." 


UNSOLVED  PROBLEMS  OF  THE  AUTOMOBILE. 

A    SUMMARY    OF   THE    PROBLEMS    CONNECTED    WITH    THE    MATERIALS    OF    CONSTRUCTION, 
DESIGN,    AND    POWERING    OF    MODERN    MOTOR    VEHICLES. 

Colonel  H.  C.  L.  Holdcn — Institution  of  Civil  Engineers. 


FOR  several  years  the  annual  James 
Forrest  lecture  before  the  Insti- 
tution of  Civil  Engineers  has 
dealt  with  the  unsolved  problems  con- 
nected with  the  particular  branch  of  en- 
gineering in  which  the  lecturer  of  the 
year  was  especially  interested.  In  ac- 
cordance with  this  practice  Colonel  H. 
C.  L.  Holden,  who  was  invited  to  de- 
liver the  James  Forrest  lecture  for  1909, 
took  as  the  subject  of  his  lecture  before 
the  Institution  on  April  26,  the  road  mo- 
tors of  the  present  day  and  some  un- 
solved problems  connected  with  them. 
The  invitation  extended  to  Colonel  Hol- 
den was  the  first  official  recognition  by 
one  of  the  most  august  engineering 
societies  in  the  world  of  automobile  en- 
gineering as  a  distinct  branch  of  the 
profession.  The  lecture  has  therefore  a 
special  significance.  It  is  given  in  brief 
abstract  below. 

The  problems  regarding  medium  and 
light  road  motors  are  similar,  and 
Colonel  Holden  devoted  most  of  his 
paper  to  the  latter  type,  which  includes 
passenger  vehicles,  light  delivery  vans, 
and  motor  bicycles,  tricycles,  etc.,  the 
speed  of  which  is  limited  by  law  to  20 
miles  per  hour.  Though  by  far  the 
greater  number  of  such  vehicles  are 
driven  by  petrol  engines,  there  are 
others  driven  by  steam,  electricity  and 


combined  systems;  compressed  air  and 
liquid  air  have  also  been  tried  but  have 
never  passed  beyond  the  experimental 
stage.  It  is  estimated  that,  of  the  100,000 
motor  cars  and  cycles  in  use  in  the 
British  Isles,  more  than  99  per  cent,  are 
driven  by  petrol  engines.  In  spite  of 
the  great  inherent  advantages  of  the 
steam  engine,  steam-driven  road  motors 
form  so  small  a  portion  of  the  whole  as 
to  render  it  obvious  that  at  present  their 
advantages  do  not  outweigh  their  dis- 
advantages. For  heavier  goods  and 
public  passenger  vehicles  they  may  in 
time  compete  with  petrol  vehicles,  but 
for  private  motor  cars  the  boiler  and 
burner  will  always,  in  Colonel  Holden's 
opinion,  handicap  the  system's  other  ad- 
vantages. Electric  propulsion  would  be 
ideal  if  a  source  of  electricity  were 
available  which  would  bear  comparison 
with  petrol  in  weight,  cost  and  port- 
ability. The  generation  of  electricity 
direct  from  the  oxidation  of  coal  or 
other  fuel  cannot  be  said  to  be  impos- 
sible, and  it  may  be  actually  within  our 
reach  if  we  only  knew  how  and  where 
to  grasp  it. 

Nearly  all  the  internal-combustion 
engines  in  use  employ  the  Beau-de 
Rochas  or  four-stroke  cycle.  Greater 
uniformity  in  the  turning  moment  has 
been  secured  by   having  multiple  cylin- 
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ders,  and  at  high  speeds  of  rotation 
there  would  not  appear  to  be  much  room 
for  improvement  in  this  respect.  At  the 
same  time,  individual  impulses  are  not 
entirely  dampened  out  before  they  reach 
the  road,  and  these  leave  their  effect  to 
a  certain  extent  evident  on  the  wearing 
surface  of  the  tires.  It  is  difficult  to  see 
how  a  more  uniform  turning  moment 
can  be  obtained  with  reciprocating  en- 
gines. An  engine  of  the  rotary  or  tur- 
bine type  would  be  effective,  but  no  suc- 
cessful example  at  present  exists.  The 
moving  parts  of  the  engine,  and  also  the 
explosion  pressures  on  the  pistons,  can 
be  balanced  so  perfectly  by  use  of  the 
double-piston  type  that,  if  the  car  is  at 
rest,  it  is  difficult  to  detect  by  eye  or 
ear  if  the  engine  is  running.  The  turn- 
ing moment,  however,  cannot  be  bal- 
anced, and  reacts  on  the  whole  car  when 
running,  especially  at  full  power  and 
slow  speed,  as  when  climbing  a  hill.  A 
more  perfect  solution  may  be  obtained 
at  some  future  time,  but  it  would  neces- 
sitate the  employment  of  an  entirely 
different  type  of  engine  and  transmis- 
sion mechanism. 

The  use  of  the  spray  or  jet  carburettor 
has  now  become  universal.  The  car- 
burettor that  will  supply  a  constant  mix- 
ture at  constant  pressure  and  tempera- 
ture under  all  conditions  of  running  of 
the  engine  is  one  problem  which  has 
yet  to  be  solved.  When  to  this  has  been 
added  some  device  whereby  this  constant 
mixture  shall  be  diluted  with  air  to 
exactly  the  correct  extent  to  give  per- 
fect combustion  on  explosion  in  the 
cylinder,  then,  and  then  only,  will  per- 
fection in  this  matter  have  been  reached. 
The  whole  question  of  carburation  is 
very  complex,  and  Colonel  Holden  re- 
gards with  satisfaction  the  fact  that  it 
has  now  been  taken  up  seriously  by  sci- 
entific experimenters. 

No  universal  method  of  ignition  has 
been  arrived  at,  though  electricity  in 
some  form  or  other  seems  more  nearly 
to  approach  the  ideal  than  anything  else. 
The  electiic  system  of  ignition  enables 
the  moment  of  ignition  to  be  varied  ex- 
actly as  required,  giving  very  complete 
control  over  the  speed  and  power  of  the 
engine   within   limits.      However,   these 


limits  constitute  the  weak  points  in  what 
might  otherwise  be  a  perfect  system. 
Hot  as  the  spark  is,  it  is  unable  to  ignite 
with  readiness  mixtures  which  have 
more  than  a  certain  percentage  of  air, 
and  the  ignition,  being  so  extremely  lo- 
cal, prevents  the  flame  in  a  weak  mix- 
ture being  readily  transfused  through- 
out the  whole  of  the  charge.  Improve- 
ments in  the  original  system  have  been 
in  the  direction  of  substituting  mechan- 
ical for  chemical  means  of  production  of 
the  current.  Owing  to  the  fact  that  a 
slight  difference  in  the  mixture  or  in  the 
amount  of  compression  entails  an  alter- 
ation in  the  time  when  the  charge  must 
be  ignited  in  order  to  obtain  the  best 
result,  and  owing  to  the  difficulty  of 
maintaining  each  cylinder  of  an  engine 
in  identical  conditions  in  these  respects, 
it  is  obvious  that  an  ignition  system  that 
does  not  take  such  variations  into  ac- 
count cannot  be  perfect. 

The  Ackermann  system  of  steering,  in- 
vented nearly  loo  years  ago  for  horse- 
drawn  vehicles,  is  now  almost  universally 
employed  for  all  road  motors,  except 
traction  engines.  Each  of  the  steering 
wheels  turns  separately  on  a  vertical 
pivot,  which  should,  theoretically,  pass 
centrally  through  the  vertical  plane  of 
the  wheel  and  its  contact  with  the 
ground.  An  obstacle  met  by  the  wheel 
would  then  have  no  tendency  to  disturb 
the  steering  of  the  car.  The  said  ar- 
rangement is  difficult  to  obtain  mechan- 
ically, and  a  compromise  is  sometimes 
made  by  inclining  the  pivots  or  by  inclin- 
ing the  wheels.  It  is  not  easy  to  see  how 
the  best  types  of  the  present  system  can 
be  improved,  although  it  must  be  ad- 
mitted that  none  is  perfect. 

Horizontal  cylinders  may  be  lubricated 
by  feeding  oil  through  a  hole  in  the  cyl- 
inder on  to  the  piston,  allowing  a  portion 
to  flow  through  a  hole  in  the  piston  to 
lubricate  the  gudgeon  pin.  The  oil  is 
drained  away  at  the  front  end  of  the  cyl- 
inder, and  is  not  used  again.  In  vertical 
engines  splash  lubrication  is  generally 
employed  for  the  lubrication  of  the  pis- 
ton, gudgeon  pin,  and  in  many  cases  the 
crank  shaft  and  other  engine  bearings. 
The  oil  in  this  system  is  thrown  up  from 
the  crank  chamber  by  the  crank  dipping 
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into  it.  At  the  best  it  seems  to  be  a 
happy-go-lucky  method  of  a  most  un- 
scientific order;  the  only  thing  which 
can  be  said  in  its  favour  is  that  in  actual 
practice  it  has  been  found  to  work.  For 
crank  shafts  and  similar  bearings  a 
forced  feed  system  would  be  better,  pro- 
vided some  perfect  system  for  road  mo- 
tors could  be  found  of  freeing  entirely 
the  oil  from  grit  before  refeeding  it  to 
the  bearings.  Bath  lubrication  of  gear 
wheels  is  effective  as  regards  lubrication, 
but  absorbs  power  in  churning  up  the 
oil. 

There  is  still  a  good  deal  that  can  be 
effected  in  design  in  reducing  friction 
by  the  substitution  of  ball  or  roller  bear- 
ings for  plain  ones  in  suitable  places, 
and  by  the  use  of  metals  having  a  low 
coefficient  of  friction.  There  are  many 
ways  in  which  power  can  be  lost  between 
the  engine  and  the  road  wheels.  None  of 
the  many  forms  of  friction  clutch  can 
be  depended  upon  not  to  slip  in  the  way 
that  a  clutch  which  is  positively  en- 
gaged can.  The  use  of  Hooke's  uni- 
versal joints  involves  loss  in  transmis- 
sion, as  is  demonstrated  by  the  rapidity 
with  which  they  often  wear.  The  total 
transmission  losses  are  not  accurately 
known  under  road  conditions,  but  it  may 
be  indirectly  estimated  that  such  losses 
may  amount  to  from  20  per  cent,  to  40 
per  cent.,  or  even  more. 

The  advantages  of  pneumatic  tires, 
owing  to  their  resilience  and  low  re- 
sistance, are  counterbalanced  by  their 
high  cost,  rapid  wear,  and  vulnerability. 
Methods  of  decreasing  the  vulnerability 
are  only  obtained  at  the  sacrifice  of  other, 
and  possibly  more  important,  qualities. 
Owing  to  the  large  area  of  contact  with 
the  ground,  and  consequent  low  pressure 
per  unit  of  contact  area,  the  coefficient 
of  friction  is  so  small  that  skidding 
occurs  if  the  road  is  greasy.  No  remedy 
has  been  found  which  does  not  impair 
the  action  of  the  tire  as  a  pneumatic  one. 
Again,  owing  to  the  rapidity  of  recovery 
of  the  tire  on  passing  over  an  obstacle, 
oscillatory  movement  of  the  vehicle  is 
started,  and,  given  favourable  conditions 
of  speed  and  road,  may  be  maintained,  or 
even  increased,  to  a  dangerous  extent. 
A   partial    remedy   exists   in   the    shock 


absorber  applied  between  the  sprung  and 
unsprung  portions  of  the  vehicle.  An 
inherent  defect  of  the  pneumatic  tire  is 
its  dust-raising  properties.  The  tire 
raises  the  dust,  and  the  eddies  produced 
by  the  passage  of  the  car  scatter  it  far 
and  wide.  This  subject  is  one  which  is 
attracting  the  attention  of  the  authorities 
representing  road-makers  and  users.  So 
far,  the  only  effective  remedy  has  con- 
sisted in  treatment  of  the  surface  of  the 
road. 

The  study  of  the  composition  of  the 
exhaust  gases  is  of  importance.  It 
ought  to  be  possible  to  ensure  that  the 
exhaust  gases  contain  not  more  than  i 
per  cent,  of  carbonic  oxide.  Governing 
by  retarding  the  ignition  is  effective,  but 
is  objectionable  on  account  of  its  lia- 
bility to  increase  the  percentage  of  CO 
in  the  exhaust;  it  is  also  unscientific,  and 
very  wasteful  of  fuel. 

To  obtain  an  average  speed  of  twenty 
miles  per  hour,  experience  tells  us  that 
the  maximum  speed  will  not  be  less  than 
50  per  cent,  greater  than  the  average 
during  some  periods  of  the  journey;  as- 
suming a  moderate  efficiency  of  trans- 
mission of  power,  the  provision  of  an 
engine  capable  of  giving  i  brake-horse- 
power per  hundredweight  of  the  gross 
weight  of  the  vehicle  and  its  load  of  pas- 
sengers, etc.,  would  not  be  excessive-*  - 

Deductions  made  from  data  known  to 
be  approximately  correct  for  the  speed, 
power,  and  wind  area  of  various  cars 
having  ordinary  touring  bodies  lead  to 
the  formula  P  =:  0.0017AV",  in  which 
P  =  resistance  in  pounds  per  square 
foot,  A  =  projected  area  of  car  in 
square  feet,  and  V  =  velocity  in  feet 
per  second.  Experiments  are  needed  to 
provide  data  as  regards  the  forms  of  car 
offering  the  least  resistance  to  the  air. 

The  gross  ton-miles  which  should  be 
obtained  from  a  gallon  of  petrol  of  about 
0.720  specific  gravity  at  a  speed  of  twen- 
ty miles  per  hour  should  not  fall  below 
thirty  under  ordinary  conditions.  There 
is  room  for  improvement  in  this.  Many 
other  items,  tires  especially,  have  to  be 
considered,  which  swell  the  bill  to  such 
an  extent  as  to  render  the  cost  of  fuel 
but  a  small  part  of  the  whole. 

The  weight  of  a  pleasure  motor-car  is 
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high  compared  to  the  useful  load  of  pas- 
sengers. The  useful  weight  in  this  case 
would  be  about  one-quarter  of  the  weight 
of  the  vehicle.  Medium-weight  passen- 
ger or  goods'  vehicles  may  carry  a  use- 
ful load  of  three-quarters  the  weight  of 
the  unladen  vehicle;  heavy  vehicles  hav- 
ing a  slow  speed  may  carry  a  load  equal 
to  the  weight  of  the  vehicle.  It  would 
appear  that  some  improvement  may  be 
reasonably  looked  for  in  the  reduction 
of  the  weight  of  the  car  as  compared 
with  its  useful  load. 

Brakes  on  the  steering  wheels  give 
immunity  from  skidding,  but  are  very 
difficult  to  arrange  for.  It  is  best  to 
apply  both  brakes  required  by  law  to 
the  driving  wheels,  rather  than  to  have 
one  of  them  applied  to  the  secondary 
transmission  shaft.  The  distance  in 
which  a  car  can  be  pulled  up  without 
damage  to  the  tires  on  an  ordinary  road 
and    under    normal    conditions    may    be 


approximately  found  from  the  formula 
S  =  0.04 V^  where  V  is  in  miles  per 
hour  and  S  is  the  distance  in  yards  in 
which  the  car  should  come  to  rest.  At 
ten  miles  per  hour  it  should  stop  in  4 
yards,  and  at  twenty  miles  per  hour  in 
16  yards.  These  distances  are  greater 
than  is  desirable,  and  also  greater  than 
most  drivers  would  be  prepared  to  admit, 
probably  owing  to  time,  and  not  distance, 
being  the  factor  that  a  driver  judges  by 
when  called  upon  to  stop  quickly.  Im- 
provement is  only  to  be  sought  for  in  in- 
creasing the  surfaces  of  adhesion,  as  by  , 
braking  all  four  wheels,  or  by  more  equal  ' 
distribution  of  the  braking  effect  than 
we  have  at  present. 

Petroleum  spirit  is  practically  the  only 
fuel  employed;  other  fuels  which  might 
be  used  are  petroleum,  paraffin,  benzol, 
and  alcohol.  Suction  gas  producers  may 
be  used  for  the  heavier  classes  of  ve- 
hicles. 


PUBLICITY  FOR  RAILWAY  ACCIDENTS. 

A    DISCUSSION    OF    THE    POLICY    OF    PUBLICITY    RECENTLY    ADOPTED    BY    THE    UNION 

PACIFIC    RAILWAY. 

W.  L.  Park — Western  Railway  Club. 
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THE  traditional  policy  of  secrecy  and 
concealment,    which    has    so   long 
governed  railway  officials  in  deal- 
ing with  accidents  involving  serious  loss 
of  life,  has  recently  been  abandoned  by 
the  Union  Pacific  Railway  Company  for 
a  policy  of  admitting  the  public  to  full 
knowledge  of  the   facts  connected  with 
accidents,   as  determined  by  official   in- 
vestigation.     Each    serious    accident    is 
now  investigated  by  a  board  comprised 
mainly  of  officials  of  the  road  but  with 
one    or    more    members    selected    from 
outside  sources,   citizens  of  prominence 
in  the  locality  in  which  the  accident  oc- 
curred   usually    being    invited    to    act. 
Every  facility  is  given  the  investigating 
board  thoroughly  and  impartially  to  ex- 
amine all  available  data  bearing  on  the 
cause  of  the  accident  and  their  report, 
giving  their  conclusions  as  to  the  cause 
and,   whenever   possible,    fixing   the    re- 
sponsibility, is  given  the  freest  publicity. 
The   cause?   which   impelled   the   Union 


Pacific  to  make  this  radical  change  in 
policy  are  outlined  in  the  following  ex- 
tracts from  a  paper  read  by  Mr.  W.  L. 
Park,  the  General  Superintendent,  at  the 
March  meeting  of  the  Western  Railway 
Club. 

"As  railway  men  we  must  admit  that 
the  long  list  of  appalling  accidents,  ac- 
companied with  fatalities  and  personal 
injuries  to  passengers  and  employees, 
many  of  which  were  avoidable,  is  a  blot 
on  our  escutcheon  which  must  be  wiped 
out.  How  this  may  be  accomplished  is 
the  one  great  problem  confronting  oper- 
ating officials  and  employees.  The  so- 
lution unquestionably  lies  in  the  direc- 
tion of  taking  the  public  into  our  confi- 
dence, making  them  feel  that  they  have 
as  great  responsibility  in  upholding  the 
law  in  the  government  of  the  ordinary 
affairs  of  life.  Publicity  for  accidents, 
placing  the  same  responsibility  upon 
those  who  violate  the  rules  of  safety  as 
is  now  placed  upon  those  who  in  other 
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ways  do  the  public  a  harm,  will  certainly 
bring  about  a  very  different  conception 
of  duty. 

"Railway  men  of  sufficient  length  of 
service  cannot  fail  to  compare  the  esprit 
de  corps  of  a  few  years  ago  with  con- 
ditions existing  on  American  railways 
to-day.  Instead  of  that  intense  interest 
and  voluntary  loyalty,  we  have  a  leth- 
argic performance  of  duty,  and  a  very 
pronounced  indifference  to  the  employ- 
er's interests,  with  almost  studied  effort 
to  render  such  service  only  as  may  be 
contracted  for,  to  the  extent  that  on 
some  railways  there  is  actually  in  vogue 
a  system  of  fines  assessed  against  train- 
men who  do  more  than  their  schedules 
provide,  and  those  who  are  known  as 
'company  men'  are  unpopular  among 
their  fellows  everywhere.  The  loss  of 
this  voluntary  loyalty  is  most  severely 
felt  in  the  discipline.  The  pecuniary 
losses  (through  indifference  inviting  ad- 
verse public  sentiment)  are  great  and 
to  be  deplored,  but  the  loss  of  reputation 
and  confidence  in  railroad  management 
is  one  that  falls  heavily  on  every  offi- 
cial and  employee  connected  with  a  rail- 
road, making  them  vulnerable  to  the  at- 
tacks of  enemies,  who  are  ever  watchful 
of  such  opportunities. 

"While  we  do  not  contend  that  the 
employees'  organizations  sanction  or 
even  encourage  indifference,  force  of 
circumstance  undoubtedly  carries  the 
members  under  their  protection  into 
such  a  line  of  thought  and  action  that 
the  service  is  unconsciously  tainted 
thereby.  Such  influence  of  organizations 
is  not  by  any  means-  confined  to  the 
members.  It  affects  other  eniployees, 
and  even  the  officials,  who  are  expected 
to  administer  discipline  impartially,  in- 
fluencing their  decisions  through  fear  of 
being  reversed  by  superiors,  who  may 
be  actuated  by  motives  foreign  to  the 
case  under  consideration. 

"The    responsibility    is    not,    by    any 
means,  entirely  with  the  rank  and  file. 
Employees    in    self-defense    have    been 
forced  into  co-operation  for  mutual  pro- 
tection   against    petty    persecutions    and 
,  discriminations  on  the  part  of  the  rail- 
\  way  officials.    The  organizations  are  ex- 
I  pensive  to  maintain  and,  at  times,  exact 


from  the  members  sacrifices  not  in  ac- 
cord with  the  spirit  of  independence  be- 
queathed them  in  the  Declaiation  of 
Independence.  The  yoke  is  galling,  but 
must  be  worn  until  such  time  as  officials 
are  so  surrounded  with  established 
methods  of  discipline  as  will  do  away 
with  the  injustice  and  vindictiveness  in 
fixing  penalties.  Our  present  system  is 
primitive  and  barbarous,  it  insults  the 
intelligence  of  employees  and  forces 
them  into  alliances  for  self-protection. 
Once  having  the  power,  they  naturally 
exercise  it  in  directions  not  originally 
intended. 

"While  I  may  be  telling  a  family 
secret,  it  is  a  fact  that  not  a  few  railway 
accidents  are  white-washed  in  the  in- 
vestigation to  the  extent  that  the  officials 
even  deceive  themselves.  The  evidence 
is  often  made  to  substantiate  a  precon- 
ceived conclusion  as  to  how  the  accident 
occurred.  The  dominant  influence  of 
one  in  authority  frequently  asserts  itself 
to  the  extent  that  the  interrogating  or 
giving  of  testimony  is  shaped  to  meet 
the  well  known  views  of  a  superior. 
This  influence  may  be  unconsciously  ex- 
erted or  absorbed. 

"If  our  English  cousins,  through  the 
Board  of  Trade  can  investigate  acci- 
dents with  unquestionable  diminution  as 
a  result,  and  the  German  and  other 
powers  of  continental  Europe  through 
ministers  of  railway  affairs,  can  bring 
the  heavy  hand  of  the  government  to 
bear  upon  the  transgressor  of  good  prac- 
tice (whether  he  be  employee  or  official) 
to  the  end  that  few  avoidable  accidents 
occur,  it  is  not  looking  far  ahead  to  find 
our  duties  circumscribed  by  conditions 
much  more  perplexing  than  now  exist. 
It  is  not  certain  by  any  means  that  we 
shall  stop  with  that  which  satisfies  the 
conservative  Englishman  or  phlegmatic 
German.  We  are  not  yet  old  enough  to 
assume  such  responsibilities. 

"Unless  railway  men  are  w'illing  to  let 
the  politicians  take  from  their  hands  the 
reins  and  govern  the  roads  with  inex- 
perience and  theory,  they  must  analyze 
the  present  conditions  and  shape  the 
future  policy  in  this  respect  in  accord 
with  the  growing  sentiment  that  acci- 
dents are  of  too  frequent  occurrence  and. 
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unless  prevented  to  a  greater  degree  than 
now  obtains,  the  strong  arm  of  the  gov- 
ernment must  interfere,  be  the  conse- 
quences what  they  may.  Unless  railway 
managers  merit  such  confidence  by  an 
impartial  and  thorough  investigation  of 
such  accidents  as  disturb  the  pubLc  wel- 
fare, such  power  will  be  taken  from 
them.  A  competent  railway  operating 
official  ought  not  to  fear  publicity  for 
accidents.  He  should  be  so  well  ground- 
ed in  his  methods  as  to  invite  publicity. 
The  public  will  help  him  to  place  the  re- 
sponsibility where  it  belongs,  and  secure 
for  him  the  individual  responsibility, 
which  is  essential  to  any  well  managed 
property.  As  it  now  stands,  the  man- 
agers must  bear  wholly  the  odium  of  a 
disregard  of  the  rules.  If  an  accident 
occurs  the  men  implicated  will  fre- 
quently  accuse   the   officials   of   not   en- 


forcing the  rule,  a  violation  of  which 
was  responsible,  alleging  that  custom 
superseded  it. 

"The  Union  Pacific  is  perhaps  the  first 
railway  adopting  this  method.  We  ap- 
proached it  with  no  little  timidity.  Our 
legal  department  said  it  would  throw 
open  information  upon  which  claims 
would  be  made  for  damages  and  personal 
injuries.  As  a  matter  of  fact  nothing 
of  this  kind  has  occurred.  On  the  con- 
trary, the  accident  having  been  thrown  • 
open  to  full  public  investigation,  there 
are  no  mysteries  for  the  opposition  to 
delve  into;  no  vague  insinuation  that 
the  great  corporation  is  crushing  the 
helpless  client  by  suppressing  the  facts 
(which  is  always  a  stock  in  trade  with 
the  plaintiff  in  a  damage  case).  That 
such  investigation  helps  the  legal  de- 
partment there  is  no  doubt." 


THE  PRECIPITATION  OF  COPPER  FROM  MINE  WATERS. 

A   DESCRIPTION    OF   BUTTE    PRACTICE    IN    THE   RECOVERY    OF    COPPER    FROM    MINE    WATERS 

AND    OLD    TAILINGS    PILES. 

Charles  J.  Stone — Engineering  and  Mining  Journal. 


THE  precipitation  of  copper  from 
mine  waters  in  the  Butte  dis- 
trict, which  was  begun  on  an 
experimental  scale  a  little  over  ten  years 
ago,  has  been  developed  into  an  industry 
of  large  and  increasing  commercial  im- 
portance. No  less  than  30  precipitating 
and  leaching  plants  are  now  operated  by 
the  large  mining  companies,  the  leasers, 
and  individuals  who  take  the  tail  waters 
from  the  larger  operators.  The  output 
of  cement,  or  precipitated,  copper  is 
about  750  tons  per  month,  averaging 
about  60  per  cent  pure  copper.  An  in- 
teresting description  of  the  practice  by 
which  it  is  recovered,  and  also  of  the 
method  of  leaching  tailing  piles,  is  given 
by  Charles  J.  Stone  in  the  Engineering 
and  Mining  Journal  for  May  8. 

"Great  difficulty  was  at  first  experi- 
enced by  the  mining  companies  to  find 
something  that  would  withstand  the  ac- 
tion of  the  mine  waters  on  pumps  and 
pipes  and  that  would  be  within  a  reason- 
able cost.  Phosphor-bronze  castings  were 
found   to   be    necessary    for    the    entire 


water  end  of  all  pumps  where  the  water 
was  found  to  be  even  slightly  acid.  The 
phosphor-bronze  is  composed  of  93  per 
cent,  copper,  0.5  per  cent,  phosphorus,  4.5 
per  cent,  tin  and  2  per  cent.  lead.  This 
metal,  however,  was  much  too  expensive 
for  pipes,  and  a  cheaper  material  had  to 
be  found. 

"Flanged-steel  pipes  with  lead  gaskets 
and  lead  linings  were  found  to  withstand 
the  action  of  the'  water  with  a  degree 
of  satisfaction,  but  wood-lined  pipe, 
which  is  less  expensive,  is  now  in  prac- 
tically universal  use  throughout  the 
Butte  district.  For  high-pressure  water 
columns  in  shafts  and  other  lower  pres- 
sure pipes,  a  flanged-steel  pipe  is  used- 
and  the  wooden  lining  forms  a  male  and 
female  connection  at  the  joints.  The 
lining  is  composed  of  pine  slats  put  in 
place  with  hot  asphaltum  and  the  key 
piece  is  fitted  and  driven  in  firmly,  so 
that  the  lining  is  held  tightly  in  place. 
The  whole  pipe  lining  is  then  carefully 
painted  with  asphaltum,  and  when  the 
pipe   is   put   in   place,   great   caution    is 
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taken  in  packing  the  joint  to  prevent 
seepage.  In  sliafts  where  vv^ter  from 
the  upper  levels  drips  on  the  pipes,  it 
has  been  found  necessary  thoroughly  to 
paint  and  cover  the  pipes  with  canvas, 
and  the  canvas  then  receives  a  thick  coat 
of  asphaltum.  Wooden,  wire-bound  pipes 
are  also  used  underground  for  light  ser- 
vice, and  on  the  surface  wooden  launders 
or  flumes  are  used  and  give  satisfactory 
service. 

"The  copper  content,  as  well  as  all 
other  mineral  salts  and  the  amount  of 
free  acid  contained  in  the  mine  waters, 
varies  widely  in  different  mines  and  dif- 
ferent sections  in  the  district.  Cuprifer- 
ous waters  were  not  encountered  to  any 
great  extent  in  the  upper  levels,  nor  at 
shallow  depths,  but  when  the  shafts 
penetrated  the  great  copper  horizon  at 
from  500  to  2,200  feet  in  depth,  the 
waters  were  found  to  be  highly  charged 
with  mineral  salts  and  free  acid.  Old 
workings,  abandoned  upper  levels  and 
gob  or  stope  fillings  that  have  long  been 
exposed  to  the  oxidizing  influence  of  air 
and  where  waters  leach  through  them, 
are  productive  of  the  highest  grade  of 
cupriferous  water.  When  a  deep  level 
is  opened,  the  flow  is  found  to  contain 
free  acid,  but  only  a  small  amount  of 
copper  sulphate  is  present.  As  the  levels 
become  opened  and  decomposition  of  the 
sulphides  takes  place,  the  water  is  en- 
riched sufficiently  to  make  the  recovery 
of  the  copper  profitable. 

"A  flow  coming  from  a  section  where 
the  sulphide  ore  is  burning  or  from  a 
level  where  the  fire  has  been  extin- 
guished, is  enriched  remarkably.  The 
mine  water  of  the  Boston  and  Montana 
has  been  built  up  within  a  short  period 
from  this  source  alone  from  0.02  per 
cent,  copper  content  to  above  0.2  per 
cent.,  and  at  this  strength  it  threatened 
to  destroy  the  phosphor-bronze  castings 
of  the  pumps.  For  this  reason  an  effort 
is  made,  where  possible,  to  regulate  the 
grade  of  water  to  a  strength  that  will 
not  have  a  corrosive  eft'ect  on  the  bronze 
pump  parts. 

"The  cupriferous  water  from  the  vari- 
ous mines  carries  from  o.oi  per  cent,  to 
0.031  per  cent,  copper  as  copper  sul- 
phate.    The  process  to  recover  this  by 


passing  the  solution  over  scrap  iron  is 
simple.  The  iron  supplants  the  copper 
in  its  union  with  the  sulphate  radical,  the 
copper  being  precipitated  as  c  crystalline 
powder,  while  the  sulphate  of  iron  is 
carried  off  in  solution.  It  would  appear 
that  the  mine  waters  are  extremely  poor 
in  copper  as  compared  with  the  solutions 
in  a  leaching  operation,  but  when  a  min- 
ing company  is  pumping  500  gallons  a 
minute,  the  precipitation  amounts  to  ap- 
proximately 1,600  pounds  of  copper  per 
day  and  the  saving  is  effected  with  but 
little  expense  either  in  first  cost  or  cost 
of  operation. 

"The  copper  precipitation  is  effected  in 
open  launders  and  in  towers.  The  laun- 
ders are  set  at  sufficient  grade  so  that 
the  water  flows  rapidly,  and  scrap  iron 
of  all  classes  is  thrown  into  it,  but  care 
is  taken  to  allow  the  water  to  flow  freely. 
The  launders  are  from  3  to  4  feet  wide 
and  from  i  to  2  feet  in  depth,  and  are 
built  single  or  double.  The  water  is 
kept  at  from  6  to  12  inches  in  depth 
in  the  launders.  If  the  water  as  it  comes 
from  the  mine  is  strong  in  acid,  better 
results  are  obtained  where  the  water; 
flows  at  a  greater  velocity,  but  if  weak 
in  acid,  a  slower  flow  is  desirable.  It  is 
well  at  all  times  to  keep  the  iron  and. 
launders  free  from  accumulations  of  iron 
oxide.  Frequent  cleaning  is  necessary 
for  this  purpose. 

"The  towers  are  built  from  8  to  12 
feet  wide,  10  to  14  feet  high,  and 
from  50  to  150  feet  long,  the  size  de- 
pending entirely  upon  the  flow  to  be 
handled.  They  are  built  open  on  sides 
and  ends,  and  large  scrap  sheets  of  iron 
are  placed  to  hold  the  dripping  water 
within  the  water-tight  bottom ;  or  they 
are  inclosed  entirely  on  all  sides  by  baffle 
boards  to  keep  all  water  within  the 
tower  sump.  The  water  comes  into  the 
top  of  the  tower  in  an  open  launder  and 
the  flow  is  regulated  by  means  of  gates 
and  side  distributinsf  troughs  so  that  the- 
shower  is  uniform  throughout  the  tower. 
The  tower  is  filled  with  scrap  iron  for 
perhaps  one-quarter  to  one-half  its 
height.  Experience  has  shown  that  a 
better  extraction  is  effected  in  the  towers 
than  in  the  launders.  This  is  especially 
noticeable    where    the    solution    is    both 
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weak  in  acid  and  copper.  Doubtless  ex- 
posure to  air  has  a  beneficial  effect,  but 
the  arrangement  is  more  efficient  in  that 
the  falling  water  keeps  the  scrap  clean 
and  bright,  and  prevents  an  accumulation 
or  iron-oxide  slimes,  one  of  the  difficul- 
ties of  launder  practice. 

"A  clean-up  is  effected  by  turning  the 
flow  into  other  launders  of  the  plant, 
scrubbing  and  washing  the  scrap  free 
from  copper  scale  and  sluicing  the  laun- 
ders and  tower  sump  into  settling  vats, 
where  the  clear  solution  is  decanted  off. 
The  cement  copper  is  then  dried,  bar- 
reled and  shipped  to  Great  Falls  where 
it  is  smelted  in  reverberatory  furnaces. 
The  average  quality  of  the  precipitate 
is  between  60  and  70  per  cent,  copper. 

"A  well-arranged  plant  is  so  located 
that  the  solutions  can  flow  by  gravity 
from  the  mine  through  the  launders  and 
down  through  towers,  with  the  clean-up 
vats  below.  It  is  well  to  place  the  clean- 
up vats  and  dryer  under  the  same  roof. 
The  extent  or  magnitude  of  the  plant 
depends  upon  the  limit  of  extraction  it 
is  found  profitable  to  make  from  the  so- 
lution. AH  launders  and  towers  should 
be  built  in  parallel  duplicates  so  as  to 
facilitate  rapid  and  thorough  cleaning. 
Wrought  and  steel  scrap  are  better  than 
cast  iron  and  thin  sheets  are  more  satis- 
factory than  heavy  pieces.  On  an  aver- 
age, about  75  pounds  of  cement  or  pre- 
cipitated copper  are  recovered  in  prac- 
tice from  the  consumption  of  100  pounds 
of  scrap  material. 

"A  number  of  the  large  tailings  dumps 
from  the  early  concentrating  mills,  which 
were  neglected  for  years,  are  being 
worked  successfully  in  connection  with 
the  precipitation  of  copper  from  mnie 
waters.  The  dumps  carry  approximately 
I  per  cent,  of  copper.  Years  of  weather- 
ing have  made  possible  the  leaching  of 
these  tailings  on  a  profitable  basis.  The 
dumps  are  from  20  to  50  feet  in  depth 
and  cover  many  acres  of  ground.  The 
James  Gillie  lease,  operating  on  the  old 
sands  of  the  Montana  Ore  Purchasing 
Company,  is  worth  studying  from  an  en- 
gineering and  economic  standpoin*:.  The 
dump,  which  is  located  in  the  bed  of 
Silver  Bow  creek,  contains  upward  of 


200,000  tons  of  sands.  They  are  of  con- 
siderable e*x:tent  and  average  from  20  to 
30  feet  in  depth. 

"The  supposedly  barren  tail  water 
from  the  precipitating  towers  of  the 
Boston  and  Montana  Company  is  ele- 
vated to  the  highest  point  on  the  dump. 
Ponds  of  from  5,000  to  15,000  square 
feet  are  arranged  so  that  the  overflow 
from  the  higher  will  run  to  the  next 
lower  pond  until  the  entire  flow  is  ab- 
sorbed. To  reclaim  the  water  after  it 
has  leached  through  the  sands  and  taken 
up  the  soluble  copper,  two  level  tunnels 
were  driven  through  the  dump  on  the 
slime-covered  soil  of  the  valley.  A 
cribbed  trench  surrounds  the  dump.  The 
tunnels  and  trench  lead  to  a  common 
sump  whence  the  water  carrying  the 
copper  solutions  is  elevated  into  the 
precipitating  towers  or  flows  by  gravity 
into  the  precipitating  boxes. 

"The  water  which  is  fed  to  the  ponds 
contains  but  a  trace  of  copper  and  is 
very  weak  in  free  acid.  After  leaching, 
its  copper  content  has  been  built  up  to 
0.02  per  cent,  and  precipitation  is  satis- 
factory. The  product  from  this  particu- 
lar plant  averages  80  per  cent,  copper. 
They  are  pumping  750  gallons  of  mine 
water  per  minute  upon  the  sands  and, 
approximately,  80  per  cent,  of  this  is 
recovered  and  fed  to  the  precipitating 
plant.  A  daily  analysis  of  the  leached 
solution  will  give  a  close  estimate  of  the 
daily  recovery  of  copper. 

"This  method  of  leaching,  while  at- 
ten'ded  with  serious  losses  in  solutions  is 
possibly  the  only  method  by  which  the 
sands  can  be  treated  commercially.  How- 
ever, it  does  not  prove  that  it  would  not 
be  advisable  to  convey  the  sands  to 
leaching  tanks  and  add  a  small  amount 
of  sulphuric  acid  to  assist  extraction.  A 
20  per  cent,  loss  in  solution  on  the 
method  that  now  obtains  at  this  plant 
amounts  to  a  loss  of  324  pounds  of  cop- 
per per  day.  This,  doubtless,  sinks  into 
the  soil  of  the  valley  and  is  beyond  re- 
covery. As  far  as  known  to  be  writer, 
no  regrinding  and  leaching  test  has  ever 
been  made  on  Butte  tailings  to  determine 
if  they  can  be  worked  commercially  on  a 
large  scale." 
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BRIDGES. 

Bascule. 

The  New  Knippels  Bridge  at  Copen- 
hagen. Illustrations  and  particulars  of  a 
new  bridge  of  the  bascule  type  showing 
the  ornamental  possibilities.  1200  w.  Sci 
Am — May  29,  1909.    No.  5023. 

Concrete. 

Concrete  in  Highway  Bridge  Abut- 
ments. A.  W.  Campbell.  Presents  its 
advantages  and  discusses  the  design,  di- 
mensions and  permanence.  2500  w.  Con 
Rec — May  12,  1909.     No.  4676. 

Culverts. 

Relative   Economy   in   Cost   of   Culvert 


Construction.  E.  W.  Cooper.  Gives  cost 
estimates  based  on  the  cost  to  the  railroad 
company  having  the  work  done.  1500  w. 
Can  Engr— April  30,  1909.     No.  4378. 

Failures. 

The  Collapse  of  a  Reinforccd-Concrete 
Bridge  Across  the  Illinois  River  at  Peoria, 
111.  Information  concerning  this  bridge 
and  the  accident,  received  from  various 
sources.  Ills.  6000  w.  Eng  News — May 
13^  1909.     No.  4649. 

Reconstruction. 

Reinforcing  a  Highway  and  Street 
Railway  Bridge.  Describes  metjiods  used 
for  strengthening  the  steel  work  of  the 
Washington   bridge   over   the   Housatonic 
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River  in  Connecticut.   1800  w.  Eng  Rec — 
May  15,  1909.     No.  4697. 
Reinforced   Concrete. 

Transverse  Beams  in  Girder  Bridges 
(Quertrager  bei  Balkenbriicken).  K.  Os- 
vrald.  Mathematical  discussion  of  their 
design.  Ills.  2500  w.  Beton  u  Eisen — 
April  23,  1909.     No.  5052  F. 

The  Construction  of  the  Grand 'River 
Bridge.  Illustrated  description  of  un- 
usual construction  methods  used  for  this 
four-track  reinforced-concrete  arch  bridge 
of  the  L.  S.  &  M.  S.  Ry.  near  Painesville, 
Ohio.  Also  editorial.  4500  v^.  Eng  Rec — 
May  I,  1909.     No.  4389. 

See   also    Failures,    Trestles,    and   Via- 
ducts, under  Bridges. 
Replacement. 

Replacing  a  Double-Track  Skew  Bridge 
and  Viaduct.  Plans  and  description  of 
methods  of  replacing  the  entire  super- 
structure without  obstructing  the  tracks 
below  or  interrupting  train  service.  2000 
w.  Eng  Rec— May  8,  1909.  No.  4577. 
Skew. 

See  Replacement,  under  Bridges. 
Steel. 

Bridge  Designing.  Carl  Gayler.  Re- 
marks on  work  of  the  past  forty  years, 
drawing  lessons  from  the  Quebec  bridge 
failure  and  discussing  the  Eads  bridge  in 
comparison.  3500  w.  Jour  Assn  of  Engng 
Socs — March,  1909.     No.  4908  C. 

Tables  for  Calculating  Inertia  of  Built- 

•  Up  Girders.    H.  F.  Harris.     Gives  useful 

tables   for   shortening  time  necessary   for 

calculations.     1000  w.     Mech  Engr — April 

23,  1909.     No.  4455  A. 

Proportioning  Bridge  Members  for  Im- 
pact. Editorial  reviewing  briefly  methods 
of  proportioning  bridge  members,  and  con- 
sidering certain  impact  formulae.  2500  w. 
Eng  Rec — May  8,  1909.     No.  4570. 

The  42  St.  Bridge,  Philadelphia,  Pa. ; 
An  Arch  with  Steel  Ribs  Filled  Between 
with  Concrete.  Plans  and  description  of 
a  combination  steel  and  concrete  highway 
bridge  having  novel  features.  3000  w. 
Eng  News — May  20,  1909.     No.  4777. 

A  Combination  Steel  and  Concrete 
■  Arch  Bridge.  Illustrated  description  of  a 
bridge  being  erected  in  Philadelphia,  to 
carry  42d  street  over  15  tracks  of  the 
Pennsylvania  R.  R.  2000  w.  Eng  Rec — 
May  22,  1909.    No.  4923. 

The  Doumer  1,680-Metre  Bridge  Over 
the  River  Rouge  at  Hanoi,  Tonkin  (Le 
Pont  Doumer  de  1,680  Metres  d'Ouver- 
ture  sur  le  Fleuve  Rouge  a  Hanoi,  Ton- 
kin). Illustrated  detailed  description,  4000 
w.  Genie  Civil— April  3,  1909.  No.  4834  D. 

See  also  Replacement,  under  Bridges. 
Suspension. 

The  Stresses  in  a  Suspet^sion  Bridge. 
L.  H.  Chase.  Gives  a  simple  method  of 
calculating  the  stresses  by  simple  mathe- 
matics. 3000  w.  Engr,  Lond — May  7, 
1909.    Serial,    ist  part.    No.  4728  A. 


Trestles. 

Reinforced-Concrete  Trestles  with  Pile 
Bents  and  Girder-Slab  Spans :  Chicago, 
Burlington  &  Quincy  Ry.  Illustrated  de- 
scription of  the  construction.  2500  w. 
Eng  News — May  20,  1909.  No.  4779. 
Viaducts. 

The  Stability  of  Viaduct  (Remarques 
sur  la  Stabilite  des  Viaducs).  M.  Bon- 
neau.  Mathematical  discussion.  8000  w. 
Ann  d  Fonts  et  Chaussees — 1909-I.  No. 
4813  E  +  F. 

Early  Construction  Methods  on  the 
Grand  Avenue  Viaduct.  The  erection  of 
this  viaduct  in  Milwaukee,  Wis.,  is  illus- 
trated and  described.  2500  w.  Eng  Rec — 
May  22,  1909.  No.  4925. 

The  Sligo  Reinforced  Concrete  Viaduct. 
Brief  illustrated  description  of  a  highway, 
viaduct   in  Takoma   Park,   Md.      1500  w. 
Eng  Rec — May  15,  1909.     No.  4687. 

CONSTRUCTION. 

Brick. 

The  Auditorium-Armory  Building  in 
Atlanta,  Georgia.  Plans  and  description  of 
a  brick  building  on  concrete  footings,  on 
firm  clay.  The  interior  construction  con- 
sists of  a  combination  of  frame,  steel  and 
concrete.  2000  w.  Eng  Rec — May  8,  1909.' 
No.  4576. 

Building   Costs.  j 

Comparative    Cost    of    Reinforced-Con-  \ 
Crete,  Stone,  Brick  and  Frame  Buildings. 
Oliver  Randolph  Parry.  Gives  contractors' 
estimates,  with  comments.   900  w.    Cement 
Age — May,  1909.     No.  4754  C. 

Coal  Pockets. 

See  Coaling  Plants,  under  RAILWAY 
ENGINEERING,  Permanent  Way  and 
Buildings, 

Columns. 

Compressive  Strength  of  Concrete- 
Filled  Iron  Columns  (Zur  Beurteilung  der 
Knickfestigkeit  betongcfiillter  Eisen- 
saulen).  Joh.  E.  Brik.  Mathematical  dis- 
cussion of  its  computation.  Ills.  3500  w. 
Oest  Wochenschr  f  d  Oeffent  Baudienst — 
April  3,  1909.  No.  4893  D. 

Concrete. 

A  Concrete  House.  Illustrated  descrip- 
tion of  a  house  at  Doylestown,  Pa.  2000 
w.  Cement  Age — May,  1909.  Serial,  ist 
part.    No.  4753  C. 

The  Design  and  Construction  of  a  Con- 
crete House.  John  Wynkoop.  The  first 
of  a  series  of  articles  giving  sketch  plans, 
elevations,  perspective  and  working  draw- 
mgs  and  details  for  the  design  and  con- 
struction. 2000  w.  Cement  Age — May, 
1909.     Serial.     1st  part.    No.  4752  C. 

See  also  Wharves,  under  Waterways 
and  Harbors. 

Cost  Keeping. 

A  System  of  Cost  Keeping,  Discussion 
of  Myron  S.  Falk's  paper.  3000  w.  Pro 
Am  Soc  of  Civ  Engrs — May,  1909.  No. 
5110  E. 


We  supply  copies  of  these  articles.     See  page  "Jj. 
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Earthquake. 

Earthquake  Construction  (Erdbeben- 
sichcrc  Bautcn).  F.  von  Empcrger.  Dis- 
cusses the  principles  of  safe  construction 
of  various  parts  of  buildings.  Ills.  Serial. 
1st  part.  3300  w.  Beton  u  Eisen — April 
23,  1909.    No.  5051  F. 

Construction  for  Regions  Subject  to 
Earthquake  Shocks  (Norme  edilizie  per 
e  Paesi  sogetti  a  Terremoti).  A,  Pac- 
chioni,  G.  C.  Baravelli  and  others.  An 
exhaustive  discussion  of  the  subject.  37500 
w.  Ann  d  Soc  d  Ing  e  d  Arch  Ital — April 
I  and  15,  1909.  No.  4844,  each  F. 
Fireproof. 

See   Fireproofing,   under   Materials   of 
Construction. 
Foundations. 

Foundations  of  the  Northwestern  Rail- 
way Terminal,  Chicago.  Describes  work 
on  caisson  foundations  under  unfavorable 
soil  conditions.  3000  w.  Eng-.  Rec — May 
8,  1909.     No.  4572. 

The  Reinforced  Concrete  Foundation 
of  the  New  York  and  Richmond  Gas 
Company's  New  Gasholder  at  Clifton, 
Staten  Island.  R.  P.  Raynesford.  Illus- 
trated description.  900  w.  Am  Gas  Lgt 
Jour — May  3,  1909.  No.  4387. 
Framed  Structures. 

The  Theory  of  Rigid  Frames  (Beitrag 
zur  Theorie  des  steifen  Rahmens).  Emil 
Morgenstern.  Mathematical.  Ills.  3000 
w.  Beton  u  Eisen — April  2,  1909.  No. 
4898  F. 
Gas  Holders. 

See  Foundations,  under  Construction. 
Piling. 

The  Development  and  Use  of  Steel 
Sheet  Piling,  with  Some  Data  on  the 
Preservation  of  Steel  Buried  in  the 
Ground.  J.  R.  Wimlinger.  Read  before 
the  Technical  League,  N.  Y,  City.  4000 
w.     Engng-Con — May  19,  1909.     No.  4797. 

Concrete  Piles.  Howard  J.  Cole.  Pre- 
sents the  advantages  of  the  various  types, 
describing  the  methods  of  driving  and 
giving  data  of  bearing  power,  cost,  etc. 
Ills.  8500  w.  Pro  Am  Soc  of  Civ  Engrs 
— May  I,  1909.    No.  5x05  E. 

Built- dp  Concrete  Slab  Piles  and  Pile 
Protection.  Illustrates  and  describes  a 
form  of  pile  used  in  England.,  which  al- 
lows renewals  to  be  made  without  inter- 
fering with  the  use  of  the  structure.  2000 
w.     Eng  Rec — May  8,  1909.     No.  4573. 

A  Reinforced-Concrete  Pile  Foundation 
(Eine  ausgefiihrte  Griindung  mit  Beton- 
Blechrohr-Pfahlen).  Richard  Kafka.  Il- 
lustrated description  of  work  with  1  iles 
reinforced  on  a  new  system.  3000  w. 
Zeitschr  d  Oest  Ing  u  Arch  Ver — April  9, 
1909.  No.  4892  D. 
Reclamation. 

Reclamation  and  Development  of  the 
New  Jersey  Coast.  George  L.  Watson. 
Describes  this  work  at  Five  Mile  Beach, 


especially    methods    of    sewer    and    street 
construction.  Ills.  2500  w.  Can  Soc  of  Civ 
Engrs — April  15,  1909.     No,  4532  N. 
Reinforced  Concrete. 

The  Artistic  Treatment  of  Reinforced 
Concrete  (Die  kiinstlerische  Losung  des 
Eisenbctonbaues).  Istvan  Medgyaszay.  A 
discussion  of  the  artistic  possibilities  of 
the  material,  illustrated  with  examples  of 
recent  structures.  Serial,  ist  part.  Beton 
u  Eisen — April  23,  1909.     No.  4899  F. 

Reinforced  Concrete  Dome  of  the 
Porto  Rico  Capitol.  Illustrated  detailed 
description  of  this  feature  of  the  new 
capitol.  1500  w.  Eng  Rec — May  i,  1909. 
No.  4393. 

Construction  and  Reconstruction.  J. 
P.  H.  Perry.  Illustrates  and  describes 
the  model  factories  of  the  Bush  Terminal 
Co.,  built  of  reinforced  concrete  on  un- 
improved land ;  and  also  the  reconstruc- 
tion of  the  King  plaster  mill  in  the  same 
material,  while  in  operation.  2200  w.  Ins 
Engng — May,   1909.     No.  4990  C. 

Reinforced  Concrete  Construction  in 
the  Basel  Municipal  Theatre  (Die  Eisen- 
betonkonstruktionen  des  Stadttheatres  in 
Basel).  Illustrations  with  brief  descrip- 
tion of  the  construction.  Serial,  2  parts. 
2000  w.  Schweiz  Bau — April  3  and  10, 
1909.     No.  4875,  each  B. 

The  New  Theatre  in  Copenhagen  (Das 
neue  Theater  in  Kopenhagen).  E.  Suen- 
son.  Illustrated  description  of  interest- 
ing construction  in  reinforced  concrete. 
3300  w.  Beton  u  Eisen — April  23,  1909. 
No.  5050  F. 

The  Printing  House  of  Oskar  Brand- 
st'etter  in  Leipzig  (Noten-  und  Buch- 
druckerei  Oskar  Brandstetter  in  Leipzig). 
Em.  Haimovici.  Illustrated  description 
of  interesting  features.  2500  w.  Beton  u 
Eisen — April  2,  1909.     No.  4896  F. 

See  also  Foundations  and  Roofs,  under 
Construction;  Sewers,  under  Munici- 
pal; Pipes,  Water  Towers  and  Weirs, 
under  Water  Supply;  and  Coaling  Plants 
under  RAILWAY  ENGINEERING,  Per- 
manent Way  and  Buildings. 
Roofs. 

Kahn  Reinforced  Concrete  Roof  Over 
Extension  to  National  Gallery.  Illus- 
trated description  of  interesting  work  in 
progress  in  London.  600  w.  Engng — 
April  23,  1909.  No.  4461  A. 
Steel. 

Essential  Formulae  in  Structural  Engi- 
neering. Horace  Cubitt.  Read  before  the 
Inst,  of  Munic.  Engrs.  Aims  to  show  that 
the  real  essential  formulae  for  structural 
engineering  purposes  are  few.  3000  w. 
Archt,  Lond — April  30,  1909.  Serial,  ist 
part.     No.  4594  A. 

Erecting  the  Allegheny  County  Soldier's 
Memorial.  Illustrated  description  of  the 
erection  of  a  steel-frame  building  in  Pitts- 
burg, Pa.  1000  w.  Eng  Rec — May  15, 
1909.    No.  4690. 
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Timber  Splicing. 

A  Neglected  Splice  for  Timber  Tension 
Members.  Robert  Fletcher.  Discusses 
forms  of  splicing  used,  and  their  applica- 
tions. 1500  w.  Eng  News — May  20,  1909. 
No.  4776. 
Tunnels. 

The  Sigafoos  Tunnel  Machine.  Row- 
land Ashford  Phillips.  Illustrated  de- 
tailed description  of  a  rotary  tunneling 
machine  recently  given  trial  with  great 
success.  1600  w.  Sci  Am — May  22,  1909. 
No.   490^. 

The  Crossing  of  Sidney  Harbor,  New 
South  Wales.  An  account  of  the  final  so- 
lution of  conveying  passengers  across 
a  deep  and  wide  tidal  channel,  by  con- 
structing a  tunnel  similar  to  the  system 
employed  at  the  Detroit  River.  2000  w. 
Engr,  Lond — May  14,  1909.     No.  4968  A. 

Rapid  Progress  in  a  Hard-Rock  Tun- 
nel. A  report  of  the  rate  of  speed  at- 
tained on  the  Roosevelt  drainage  tunnel 
at  Cripple  Creek,  Colo.  1500  w.  Eng 
Rec — May  i,  1909.  No.  4390. 
Wrecking. 

Wrecking  the  Old  City  Hall  in  Chi- 
cago. Brief  description  of  the  removal  of 
massive  buildings.  Ills.  1500  w.  Eng  Rec 
— May  15,  1909.    No.  4693. 

MATERIALS    OF    CONSTRUCTION. 
Brick. 

Silico-Calcareous  Bricks.  E.  Leduc. 
From  a  paper  in  the  Bui  de  la  Soc.  I'En- 
cour,  pour  I'Ind.  Nat.  Deals  with  the 
history,  economic  development,  manufac- 
ture, etc.  3000  w.  Quarry — May,  1909. 
Serial,  ist  part.  No.  4660  A. 
Cement  Testing. 

The  Micrographic  Study  of  Portland 
Cement  (Lo  Studio  micrografico  del  Ce- 
mento  Portland).  A  discussion  of  its 
usefulness,  with  illustrations.  2500  w. 
II  Cemento — April  30,  1909.  No.  4849  D. 
Concrete. 

The  Dangers  of  Breeze  Concrete.  Dis- 
cusses the  experiments  recently  carried 
out  by  D.  B.  Butler.  Ills.  1000  w.  Engng 
— April  30,  1909.     No.  4625  A. 

Good  Concrete  and  How  to  Get  It. 
Frank  M.  Okey.  From  a  paper  befoie  the 
Iowa  Cement  Users  Assn.  Discusses  the 
effect  of  the  different  materials  used.  2000 
w.  Munic  Engng — May,  1909.  No.  4549  C. 
Fireproofing. 

Fireproofing  Solutions  (Feuersichere 
Impragnierungsmittel).  Herr  Wendt.  De- 
scribes various  materials  used  for  im- 
pregnating wood,  etc.,  for  fireproofing 
purposes.  2500  w.  Gesundheits-Ing — April 
24,  1909.  No.  4890  D. 
Lime. 

The  Testing  of  Lime  for  Builaing  Uses. 
A.  G.  Larsson.  Proposes  simple  methods 
of  testing.  2000  w.  Con  Rec — May  12, 
1909.     No.  4677. 


Paints. 

Physical  Tests  of  Protective  Coatings 
for  Iron  and  Steel.  J.  Cruickshank 
Smith.  Read  before  the  Iron  and  Steel 
Inst.  On  the  value  of  such  tests  in  the 
selection  of  protective  coatings.  2500  w. 
Engng — May  14,   1909.     No.  4961  A. 

Reinforced  Concrete. 

Results  of  Tests  of  Deflection  of  Re- 
inforced Concrete  T-Beams.  A.  B.  White. 
A  portion  of  a  graduation  thesis  on  tests 
made  at  Swarthmore  College,  1200  w. 
Engng-Con — May  12,  1909.     No.  4655. 

Tests  of  Reinforced  Concrete  Beams. 
Resistance  to  Web  Stresses.  Series  of 
1907  and  1908.  Arthur  N.  Talbot.  An 
account  of  investigations  made  and  in- 
formation gained.  20000  w.  Univ  of  111, 
Bui  29 — Jan.  4,  1909.     No.  4755  N. 

The  Effect  of  Repeated  Stress  on  the 
Bond  between  Concrete  and  Clean  and 
Rusted  Iron  (Einfluss  wiederholter 
Beanspruchung  auf  die  Haftfestigkeit  von 
Beton  an  Eisen  mit  reiner  und  verrosteter 
Oberflache).  Bernh.  Kirsch.  Result's  of 
tests.  2400  w.  Oest  Wochenschr  f  d 
Oeffent  Baudienst — April  24,  1909.  No. 
4894  D. 

MEASUREMENT. 
Hydrographic  Surveying. 

See  Survey  Vessels,  under  Marine  and 
Naval  Engineering. 
Leveling. 

Precise  Leveling  of  the  Coast  and  Geo- 
detic Survey.  Henry  W.  Maynard.  De- 
scribes the  methods  used  in  work  by  the 
United  States  Government.  4000  w.  Cor- 
nell Civ  Engr — May,  1909.  No.  4742  C. 
Stream  Gauging. 

Stream  Gaging  in  the  West.  W.  B. 
Freeman.  Gives  some  of  the  results  ob- 
tained by  the  Hydrographic  branch  of 
the  U.  S.  Geological  Survey,  describing 
features.  Ills.  2500  w.  Cornell  Civ 
Engr — May,  1909.     No.  4743  C. 

The  Design  of  Cable  Stations  for  River 
Measurements.  J.  C.  Stevens.  Illustrated 
detailed  description  of  the  design  of  river- 
gaging  stations  where  cables  are  re- 
quired. 1800  w.  Eng  News — May  6, 
1909.     No.  4519. 

MUNICIPAL. 

Drainage. 

The  Design  of  Drainage  Canals  and 
Pipe  Lines  (Zahlenbeispiele  zum  Berech- 
nen  von  Rohrleitungen  und  Kanalen  fiir 
Entwasserungsanlagen).  Adolf  Stading. 
Mathematical  solution  of  several  common 
problems.  Ills.  Serial,  ist  part.  6500  w. 
Gesundheits-Ing — April  17,  1909.  No. 
4888  D. 

Experiences  in  Working  Separate 
Drainage  Canals  (Ueber  Erfahrungen  im 
Betriebe  getrennter  Ehtwasserungskan- 
iile),  H.  Metzger.  Compares  the  opera- 
tion of  separate  storm-water  and  sewer- 
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age  systems  with  the  combined  system. 
3000  w.  Gesundhcits-Ing — April  17,  1909. 
No.  4887  D. 

Pavements. 

Some  Experiments  on  the  Resistance 
of  Pavements.  A.  C.  D.  Blanchard.  An 
account  of  experiments  in  Toronto  to 
show  the  influence  of  heavy  grades  on 
the  resistance  to  tractive  effort,  giving  re- 
sults. Ills.  1000  w.  Can  Soc  of  Civ  Engrs 
— April  29,  1909.    No.  4552  N. 

Causes  and  Prevention  of  Defects  in 
Asphalt  Pavements.  Isaac  Van  Trump. 
From  an  address  at  Notre  Dame  Univ., 
Ind.  Discusses  the  main  causes,  show- 
ing that  many  are  under  the  control  of  the 
municipal  engineer.  1200  w.  Munic  Engng 
— May,  1909.    No.  4551  C. 

Public  Baths. 

Public  Baths.  Jno.  K.  Allen.  Illus- 
trated detailed  descriptions  of  modern 
public  baths  in  America,  with  informa- 
tion relating  to  them.  5500  w,  Dom 
Engng — May  22,  1909.    No.  ^975- 

Public  Baths  in  School  House  Base- 
ments. Reuben  S.  Bemis.  Brief  illus- 
trated  outline  for  bath-house  plan.  800 
w.  Dom  Engng — May  22,  1909.  No.  4976. 

Refuse  Disposal. 

Electricity  Works  and  Refuse  Destruc- 
tors. J.  A.  Robertson.  Abstract  of  paper 
before  the  Glasgow  Sec.  of  the  Inst,  of 
Elec.  Engrs.  Deals  with  the  nature  of 
the  problem,  the  most  important  points 
in  destructor  design,  and  gives  results 
at  Greenock.  5500  w.  Elect'n,  Lond — 
April  23,  1909.     No.  4450  A. 

The  Economy  of  Refuse  Destructors 
(Over  vuilnisverbrandingsovens  en  daar- 
mede  te  verkrijgen  uitkomsten).  J.  C. 
H.  Fischer.  Gives  results  in  England  and 
on  the  Continent.  Ills,  8000  w.  De  In- 
genieur — April   17,   1909.     No.  5081  D. 

Garbage  Incineration  and  Garbage  De- 
structors (Note  sur  ITncineration  et  sur 
les  "Destructeurs"  d'Ordures  menageres). 
E.  Damour.  Discusses  the  qualities  re- 
quired in  an  incinerator.  2500  w.  Bui 
Soc  d'Encour — April,   1909.     No.  4867  G. 

Roads. 

Width  of  Roads  and  Provision  of  Foot- 
paths. William  Harpur.  Read  at  Road 
Conference,  London.  Indicates  the  writ- 
er's views  and  the  changes  needed  be- 
cause of  changed  conditions.  2500  w. 
Surveyor — May  7,  1909.     No.  471 1  A. 

Road  Grades  (Sulla  Pendenza  delle 
Strade  ordinarie).  Giulio  Stabilini.  A 
mathematical  discussion  of  highway 
grades  and  traction.  Ills.  Serial,  ist 
part.  2500  w.  Monit  Tech — April  30, 
1909.     No.  4847  D. 

Road  Construction,  Curves,  Gradients 
and  Camber.  H.  T.  Wakelam.  Also  pa- 
pers by  Col.  R.  E.  Crompton,  Lord  Leigh, 
Rev.    Canon    Rawnsley,    and    Walter    J. 


Fletcher,  with  discussion.     Ills.     18600  w. 
Surveyor — May  14,  1909.     No.  4950  A. 

A  Practical  Road  Talk.  Albert  S. 
Brainard.  A  discussion  of  roa  1  construc- 
tion and  preservation.  Ills.  3000  w.  Cor- 
nell Civ  Engr — May,  1909.     No.  4744  C. 

Construction  and  Maintenance  of 
Roads.  George  A.  Phillips.  Read  at 
Road  Conference,  London.  An  account  of 
methods  in  the  county  of  Glamorgan, 
Wales.  2000  w.  Surveyor — May  j,  1909. 
No.  4710  A. 

Construction  and  Maintenance  of 
Roads,  Wear  and  Tear,  Etc.  Albert  D. 
Greatorex.  Read  at  Road  Conference, 
London.  Calls  attention  to  causes  of  ex- 
cessive wear  and  tear.  2500  w.  Sur- 
veyor— May  7,  1909.     No.  4709  A. 

Construction  and  Maintenance  of 
Roads,  Wear  and  Tear,  Etc.  William  Nis- 
bet  Blair.  Read  at  Road  Conference, 
London.  Brief  consideration  of  materials, 
construction,  etc.  2500  w.  Surveyor — May 
7,  1909.     No.  4706  A. 

Road  Maintenance.  F.  G.  Carpenter. 
Read  before  the  Road  Conference,  Lon- 
don. Discusses  present  conditions  and 
difficulties  and  some  methods  of  main- 
tenance and  construction.  2000  w.  Sur- 
veyor— May  7,  1909.     No.  4708  A. 

Notes  on  the  Tonnage-Life  and  Wear 
of  Stones  in  Road  Surfaces.  John  A. 
Brodie.  Read  at  Road  Conference,  Lon- 
don. Calls  attention  to  differences  in 
wear  of  the  same  stone  when  used  in 
varying  forms  of  construction.  2000  w. 
Surveyor — May  7,  1909.     No.  4707  A. 

Wear  and  Tear  of  Motor  Traffic  on 
Roads.  W.  J.  Taylor.  Read  at  Road 
Conference,  London.  Discusses  the  in- 
juries, their  causes,  and  remedies.  1700  w. 
Surveyor — May  7,  1909.    No.  4712  A. 

Experimental  Road  Work  by  the 
Massachusetts    Highway    Commission    in 

1908.  Reviews  work  with  dust  layers, 
road  preservatives,  new  binders,  resurfac- 
ing,   etc.      7000    w.      Engng- Con — May    5, 

1909.  No.  4533. 

Homogeneous  "Double-Sealed"  Road 
1500  w.     Surveyor — April  23,   1909.     No. 

4453  A. 

Sampittic  Surfacing.  Discussion  of 
Walter  William  Crosby's  paper.  Ills. 
6000  w.  Pro  Am  Soc  of  Civ  Engrs — May 
1909.     No.  5108  E. 

Tar  for  Roads.  C.  P.  Price.  Read,  be- 
fore the  New  England  Assn  of  Gas 
Engrs.  Explains  the  latest  and  best 
methods  of  using  tar  as  a  road  preserva- 
tive and  in  the  construction  of  new  roads. 
Ills.  Discussion.  4000  w.  Am  Gas  Lgt 
Jour— May  24,  1909.  No.  4933. 
Sewage  Disposal. 

Fundamental  Principles  of  Sewage 
Purification  on  Land.  Rudolph  Hering. 
Reviews  the  phases  of  sewage  purifica- 
tion, as  based  on  a  study  of  practi':e  in 
Europe  and  America,  especially  consider- 
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ing  the  physical  conditions.  6500  w.  Eng 
News — May  6,  1909.     No.  4521. 

Principles  of  Sewage  Purification. 
George  W.  Fuller.  A  lecture  at'  Cornell 
Univ.  Remarks  on  conditions,  outlining  a 
series  of  problems  and  their  solution  as 
illustrated  by  actual  projects.  4500  w. 
Eng  Rec — Mav  15,  1909.  Serial,  ist  part. 
No.  4688. 

Sewage  Disposal  and  Purification.  C. 
M.  Arnold.  A  review  of  what  has  been 
accomplished  and  the  methods  proved 
successful.  2500  w.  Can  Engr — May  21, 
1909.     No.  4916. 

The  Purification  of  Sewage  by  Bacterial 
Treatment  on  Peat  Beds  (Etudes  sur  1'- 
Epuration  des  Eaux  d'Egout  sur  des  Lits 
bacteriens  de  Tourbe).  A.  Miintz  and  E. 
Laine.  A  general  review  of  the  process 
and  a  discussion  of  its  efficiency,  with  re- 
sults of  tests.  Ills.  10500  w.  Bui  Soc 
d'Encour — April,  1909.     No.  4868  G. 

The  Louisville  Sewerage  Improvement's. 
Roger  DeL.  French.  Map  and  illustrated 
description  of  extensive  improvements, 
including  an  outfall  sewer.  3000  w.  Eng 
Rec — May  i,  1909.    No.  4391. 

Sewage  Disposal  at  Columbus,  Ohio.  E. 
A.  Kemmler.  Illustrated  detailed  descrip- 
tion of  the  sewage  purification  works  con- 
sisting of  septic  tanks,  sprinkling  filters 
and  settling  basins,  all  constructed  of  con- 
crete and  steel,  with  data  of  operation. 
4000  w.  Munic  Jour  &  Engr — May  5, 
1909.     No.  4514. 

Sewerage  of  East  St.  Louis.  Drawings 
and  description  of  the  pumping  station 
and  its  equipment,  and  the  concrete  sew- 
ers. 2000  w.  Munic  Jour  &  Engr — May 
5,  1909.     No.  4515. 

Sewerage  Treatment  at  Bloomlngton, 
Ind.  George  L.  Thon.  Illustrates  and 
describes  the  sewerage  system  for  a  town 
of  about  8000  inhabitants.  2000  w.  Munic 
Jour  &  Engr — May  5,  1909.     No.  4516. 

Ilford  Sewage  Disposal  Works.  Her- 
bert Shaw.  Read  before  the  Assn.  of 
Mgrs.  of  Sewage  Disposal  Works.  Plan 
and  description  of  method  of  treating  do- 
mestic sewage.  2500  w.  Surveyor — April 
30,  1909.    No.  4607  A. 

See  also  Purification,  under  Water 
Supply. 

Sewerage  Statistics. 

Sewerage  Statistics.  Collected  and  tabu- 
lajted  by  the  Sanitary  Section  of  the  Bos- 
to*n  Society  of  Civil  Engineers.  2500  w. 
Jour  Assn  cf  Engng  Socs — March,  1909. 
No.  4912  C. 
Sewers. 

Methods  of  Sewer  Construction  in 
Clinton,  Iowa.  Charles  P.  Chase.  From 
a  paper  before  the  Iowa  Soc.  Describes 
construction  methods,  giving  instructions 
issued  for  work  in  freezing  weather,  and 
approximate  costs.  2500  w.  Munic 
Engng— May,   1909.     No.  4550  C. 

The     Sewerage     Work     at     Louisville, 


Kentucky.  Roger  DeL.  French.  Illus- 
trates and  describes  the  new  outfall 
and  intercepting  sewers.  1000  w.  Jour 
Worcester  Poly  Inst — May,  1909.  No. 
4991  c. 

The  Sewers  of  Belgrade  and  the  Con- 
struction of  the  Upper  Collecting  Sewer 
(Einige  Mitteilungen  iiber  die  Kanalisa- 
tion  von  Belgrad  und  den  Bau  des  Haupt- 
sammlers  der  oberen  zone).  Ludwig 
Roth.  Illustrated  description  of  extensive 
concrete  sewer  construction.  2000  w.  Be- 
ton  u  Eisen — April  2,  1909.    No.  4897  F. 

See   also    Drainage,   under   Municipal. 

Dams.  WATER  SUPPLY. 

The  Griffin  Concrete  Dam.     Illustrated 
description  of  a  dam  at  Griffin,  Pa.,   for 
supplying  water  for  locomotive  tanks  on 
the  B.  &  O.  R.  R.     1000  w.     Eng  Rec—     fl 
May  15,  1909.     No.  4691.  " 

The  Construction  of  a  Spillway  on  the 

Tombigbee  River.  Detailed  description  of 

the  methods  of  construction.     Ills.     2000 

w.    Eng  Rec — May  22,  1909.  '  No.  4927. 

Filtration. 

Recent  Upward  Water  Filters.  Brief  re- 
port of  the  arrangement  of  filter  tanks  at 
Jerome  Park  reservoir,  New  York.  700  w. 
Eng.  Rec — May  15,  1909.     No.  4695. 

Alternative  Designs  for  Hand-Washed 
and  Machine-Washed  Slow-Sand  Water 
Filters.  Borough  of  Queens,  New  York 
City.  Illustrations  and  information  sup- 
plied by  I.  M.  de  Varona,  in  regard  to 
designs  for  a  filtration  plant  at  Bayside 
Pumping  Station.  1800  w.  Eng  News — 
May  20,  1909.     No.  4781. 

The  New  Unsubmerged  Sand  Filters  of 
Miquel  and  Mouchet  (Les  nouveaux  Fil- 
tres  a  Sable  non  submerge  Systeme  de 
MM.  le  Docteur  P.  Miquel  et  Mouchet). 
Felix  Marbout'in.  Discusses  the  efficiency 
of  trickling  filters,  gives  results  of  tests, 
and  describes  the  Miquel  and  Mouchet  sys- 
tem. Ills.  19000  w.  Mem  Soc  Ing  Civ  de 
France — Feb.,  1909.  No.  4809  G. 
Flumes. 

Flow  of  Water  in  Flumes  or  Launders. 
R.  E.  Neale.  Notes  applying  not  only  to 
natural  water-courses,  but  to  artificial 
flumes.  900  w.  Prac  Engr — April  30, 
1909.  No.  4606  A. 
Ground  Waters. 

The  Influence  of  Underground  Air  Cur- 
rents on  the  Variation  of  Ground  Waters 
(Der  Einfluss  der  unt'erirdischen  Liift- 
stromungen  auf  die  Mengenschwankungen 
des  Grundwassers).  Chr.  Mezger.  Serial. 
1st  part.  4500  w.  Gesundheits-Ing: — April 
10,  1909.  No.  4885  D. 
Hydrostatics. 

A  Collection  of  Formulas  for  Water 
Pressure  and  Moments  in  Submerged 
Beams.  D.  N.  Showalter.  Collects  in 
convenient  form  some  of  the  formulas 
used  by  a  designer  of  hydraulic  work.  1200 
w.     Eng  News — May  27,  1909.     No.  5020. 
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Irrigation. 

I'roposed  Construction  of  the  Porto 
Rico  Irrigation  Service.  B.  M.  Hall.  A 
statement  of  the  South  Coast  Irrigation 
Project'  in  Porto  Rico.  Ills.  1600  w.  Eng 
News — May  27,  1909.    No.  5018. 

See  also  Hydro-Electric,  under  ELEC- 
TRICAL .  ENGINEERING,    Generating 
Stations. 
Italy. 

Water  Supply  Projects  for  Apulia  (Die 
Wasscrversorgungs-Anlage  fiir  Apulien). 
Dr.  Brandau.  An  outline  of  a  very  large 
water-supply  scheme  for  this  district  in 
Italy.  Serial,  ist  part.  1800  w.  Deutsche 
Bau — April  10,  1909.  No.  4874  B. 
Pipe  Lines. 

Perturbations  Produced  by  the  Closing 
of  Gate  Valves  in  Water  Pipe  Lines 
(Perturbations  produites  par  la  Fermeture 
des  Robinets-Vannes  sur  le  Eonctionne- 
ment  d'une  Distribution  d'Eau).  Henry 
Dide.  Theoretical  and  mathematical.  Ills, 
4000  w.  Genie  Civil — April  24,  1909.  No. 
4842  D. 

See  also  Drainage   Canals,  under   Mu- 
nicipal ;    and     Pipe    Lines,    under     ME- 
CHANICAL ENGINEERING,  Hydrau- 
lic Machinery. 
Pipes. 

The  Design  of  Reinforced-Concrete 
Pipes  to  Withstand  Compression  and 
Bending  (Calcul  des  Tuyaux  en  Befon 
arme  soumis  a  des  Efforts  de  Compres- 
sion et  de  Flexion).  P.  Caufourier. 
Mathematical.  2600  w.  Genie  Civil — 
April  3,  1909.  No.  4836  D. 
Purification. 

The  Practical  Sterilization  of  Water 
and  of  Sewage  Effluents.  Read  before  the 
Inst,  of  Munic.  Engrs.,  London.  H.  C. 
H.  Shenton.  Considers  the  evidence  for 
and  against  sterilization,  the  methods  and 
costs,  4500  w.  Surveyor — May  7,  1909. 
Serial,  ist  part.  No.  4704  A, 
Reservoirs. 

World's  Largest  Covered  Reservoir.  An 
account  of  the  opening  of  the  Honor  Oak 
reservoir.  Ills.  1500  w.  Surveyor — May  7, 
1909.     No,  4705  A, 
Stream  Flow. 

A  Graphic  Solution  of  Kutter's  For- 
mula. L.  I.  Hewes  and  Joseph  W.  Roe. 
Gives  a  graphic  solution  of  interest  to 
those  who  deal  with  canals,  flumes  and 
streams.  Diagram.  500  w,  Bui  Am  Inst 
of  Min  Engrs — May,  1909,  »  No,  5001  F. 
Stream  Gauging. 

See  same  title,  under  Measurement. 
Tanks. 

The    Design    of    Elevated    Tanks '  and 

Stand-Pipes,     Discussion  of  the  paper  bv 

C.    W,    Birch-Nord.      3000   w.      Pro    Am 

Soc  of  Civ  Engrs — May,  1909.  No.  5109  E. 

Typhoid. 

Typhoid  Fever  and  Water-Supply  Sta- 
tistics for  48  New  York  Cities,    Tabulated 


statistics   with   a  general   discussion.   2000 
w.     Eng  News — May  27,  1909.     No.  5022. 
Water  Towers. 

A  Unique  Water  Tower.  Fdward  P. 
Bailey.  Illustrated  description  of  a  re- 
inforced-concretc  tower  185  feet  high  in 
the  San  Bernardino  Mts.,  California,  900 
w.     Munic  Engng — May,  1909,  No.  4548  C. 

See  also  Tanks,  under  Water  Supply. 
Water  Works. 

Water  Supply.  Muir  Edwards.  "Read 
at  convention  of  Union  of  Alberta  Muni- 
cipalities. Outlines  the  main  features  of  a 
public  supply,  discussing  the  uses,  quality, 
sources  of  supply,  and  method  of  dis- 
tribution. 4000  w.  Can  Engr — May  14, 
1909.     No.  4673, 

A  Brief  Description  of  the  Cambridge 
Water  Works,  History  and  illustrated  de- 
scription. 3000  w.  Harvard  Jour  of 
Engng — April,  1909,    No,  4932  D. 

Cowlyd  Water- Works.  Describes  the 
old  and  new  works.  Ills.  2500  w.  Sur- 
veyor— April  23,  1909.     No,  4454  A. 

See   also    Pumping   Plants,   under   ME- 
CHANICAL ENGINEERING,  Hydrau- 
lic Machinery, 
Weirs. 

Weir  Measurements  (Jaugeages  par 
Deversoirs).  F.  Roussillon.  Gives  two 
curves  for  determining  coefficients  for 
free  and  submerged  weirs.  Ills.  2000  w. 
Tech  Mod — April,  1909,  No.  4831  D. 
Valves. 

Recent  Reinforced  Concrete  Weir  Con- 
struction (Neuere  Wehrbauten  aus  Eisen- 
beton).  F.  W.  Otto  Schulze.  Illustrated 
description  and  discussion  of  various 
structures.  Serial,  ist  part,  2800  w. 
Beton  u  Eisen — April  2,  1909,    No,  4895  F, 

Hydraulic  Gate  Valves  for  the  Chicago 
Water-Works,  Brief  illustrated  descrip- 
tion. 700  w,  Eng  News — May  13,  1909, 
No,  4648. 

WATERWAYS    AND    HARBORS. 

Baltimore. 

Baltimore's  Municipal  Dock  Improve- 
ments, William  H,  Stone,  An  illustrated 
description  of  work  to  improve  the  port 
facilities,  2500  w.  Mfrs'  Rec — May  27, 
1909,  No,  5008. 
Calumet  River. 

See   Great    Lakes,    under    W.\terways 
and  Harbors. 
Canals. 

The  Proposed  National  Ship  Canal  in 
Scotland,  Maps  with  descriptive  account 
of  a  proposed  ship  canal  from  the  North 
Sea  to  the  Atlantic  sea-board.  3000  w. 
Engng— April  23,  1909.    No.  4463  A, 

Progress  in  Inland  Navigation,  Editor- 
ial on  conditions  and  work  in  progress  in 
different  countries,  1800  w,  Engng — 
May  7,  1909,     No,  4727  A. 

The  Crossing  of  Rivers  at  Constant 
Level  by  Navigable  Canals   (Sull'  Attra- 
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versamento,  a  Livello  costante,  dei  Fitimi 
con  Canali  navigabili).  Mario  Majocchi. 
A  discussion  of  various  arrangements. 
Ills.  3000  w.  Monit  Tech — April  10, 
1909.     No.  4846  D. 

Docks. 

Immingham  Docks.  Illustrated  descrip- 
tion of  the  extensive  new  dock  works  of 
the  Great  Central  Ry.  Co.,  on  thef  Hum- 
ber  River.  Also  editorial.  Plate.  5000  w. 
Engng — May  14,  1909.  Serial,  1st  part. 
No.  4959  A. 

Dry  Docks. 

The  Graving  Docks  of  the  World.  N. 
G.  Gedye.  This  first  article  of  a  series 
deals  principally  with  the  graving  docks 
of  Great  Britain,  discussing  size.  2000  w. 
Engr,  Lond — April  30,  1909.  Serial,  ist 
part.     No.  4629  A.. 

Great  Lakes. 

The  Effect  of  the  Proposed  Calumet 
Canal  on  the  Levels  of  the  Great  Lakes. 
Reports  the  testimony  given  in  the  case 
before  the  U.  S.  Courts  in  regard  to  a 
proposed  canal  which  will  reverse  the 
flow  of  the  Calumet  River  and  so  lower 
the  level  of  Lake  Michigan.  2500  w.  Eng 
News — May  27,  1909.     No.  5019. 

Locks. 

Lock  No.  3,  Cumberland  River.  Wil- 
liam W.  Harts.  An  illustrated  description 
of  this  work,  with  costs,  1000  w,  Eng 
News — May  6,  1909.     No.  4523. 

Niagara  River. 

Review  of  the  Report  of  William  Spen- 
cer on  the  Physics  of  the  Niagara  River. 
Isham  Randolph.  A  critical  review  with 
suggestions.  5800  w.  Can  Engr — May 
21,  1909.     No.  4917. 

Panama  Canal. 

The  Type  of  the.  Panama  Canal.  C,  E. 
Grunsky.  An  illustrated  review  of  the 
proceedings  that  led  to  the  selection  of  the 
lock-type.  9000  w.  Pop  Sci  M — May, 
1909.    No.  4405  C. 

Piers. 

New  Municipal  Piers  in  Baltimore 
Harbor.  Illustrated  detailed  description 
of  six  large  piers  with  wide  slips,  espec- 
ially dealing  with  piers  4,  5,  and  6,  of 
steel  and  concrete  construction.  3500  w. 
Eng  Rec — May  8,  1909.     No.  4571. 

Portland,  Ore. 

The  Harbor  of  Portland,  Oregon.  H. 
Cole  Estep,  First  of  a  series  of  articles 
illustrating  and  describing  the  harbors  of 
Portland,  Seattle,  Tacoma,  Vancouver  and 
Victoria.  3000  w.  Marine  Rev — May, 
1909.     No.  4681. 

Stream  Gauging. 

See  same  title,  under  Measurement. 

Suez  Canal. 

The  Present  Condition  of  the  Suez 
Canal.  Refers  to  improvements  made  in 
the  canal  since  its  opening  in  1869,  and 
gives   a   brief   description    of   the   present 


condition.      1500   w.      Engr,    Lond — April 
30,  1909.     No.  4628  A. 
Tennessee  River. 

The  Improvement  of  Our  Waterways ; 
With  Special  Reference  to  the  Tennessee 
River.  .James  Nisbet  Hazlehurst.  An  ac- 
count of  the  futility  of  work  costing  over 
seven  and  a  half  millions.  3000  w,  Eng 
News — May  6,  1909.     No,  4522, 

U.  S.  Waterways. 

The  Waterways  of  the  United  States : 
Actual  Expenditures  and  Results  to  Navi- 
gation and  Commerce.  Alexander  H. 
Weber.  Aims  to  show  the  actual  facts  in 
the  case  as  derived  from  a  careful  analysis 
of  the  records.  Also  editorial.  5000  w. 
Eng  News — May  6,  1909.  No.  4520, 
Water  Powers. 

Review  of  the  Water-Powers  of  South 
Carolina — Developed  and  Undeveloped.  S. 
Mays  Ball.  A  study  of  the  river  systems 
and  the  known  water  powers.  3500  w. 
Elec  Rev,  N  Y— May  8,  1909.     No.  458?. 

Government  Control  of  Water-Power 
Utilization  in  Switzerland  (Schweizerische 
Bundesgesetzgebung  iiber  Ausnutzung  der 
Wasserkrafte).  Dr.  E.  Frey.  An  outline 
and  discussion  of  the  regulations.  Serial, 
2  parts.  3700  w.  Schweiz  Bau — April  17 
and  24,  1909.    No.  4876,  each  B.  ■ 

Wharves. 

The  Construction  of  a  Concrete  Mass 
and  Block-Work  Quay  Wall  by  Helmet 
Divers  in  Open  Water.  John  Taylor.  De- 
scribes a  wall  built  at  Portland  Harbor, 
England.  Ills.  5000  w.  Can  Soc  of  Civ 
Engrs — April  29,   1909.     No.  4553  N. 

MISCELLANY. 
Drawings. 

Copyright  in  Drawings  of  a  Technical 
Character.  D.  A.  Usina.  Brief  discussion 
of  the  new  law  to  go  in  effect  July  i,  1909, 
in  the  United  States.  1500  w.  Pro  Am 
Soc  of  Civ  Engrs — May,  1909.  No.  5106  E. 
Forestry. 

Forestry  Operations  About  the  Wachu- 
setc  Reservoir.  Notes  from  a  paper  by 
E.  R,  B.  Allardice,  describing  the  methods 
followed  in  maintaining  the  wood  lots  and 
planting  the  unforested  portion  of  the  res- 
ervation. 1700  w,  Eng  Rec — May  15, 
1909.  No.  4692. 
Ice. 

Hauling  a  Contractor's  Plant  Across 
the  Ice  on  the  Hudson  River.  Describes 
methods  used  in  taking  the  larger  part  of 
a  plant  on  the  N.  Y.  State  barge  canal 
across  the  Hudson,  giving  the  bearing 
power  of  ice  ten  inches  thick.  1000  w. 
Eng  News — May  20,  1909.  No.  4783. 
Landslides. 

The  Salette  Landslide  of  1908  and 
Some  Earlier  Quebec  Landslides.  De- 
scribes five  slides  in  Quebec,  and  also 
slides  in  British  Columbia.  3500  w.  Eng 
News — May  27,   1909.     No,  5021. 


We  supply  copies  of  these  articles.    See  page  723. 


ELECTRICAL  ENGINEERING. 


COMMUNICATION. 

Radio-Telegraphy. 

Wireless  Telegraphy  (La  Telegraphic 
sans  Fil).  M.  herrie.  A  review  of  the 
theory  and  present  state  of  wireless  com- 
munication. Ills.  4800  w.  Ann  d  Fonts 
et  Chaussees — 1909-I.    No.  4810  E  +  F. 

Fundamental  Principles  in  the  Design 
of  Spark-Telegraphy  Stations.  Dr.  F. 
Kiebitz.  Abstract  from  Elcktrotechnischc 
Zeit.  Reviews  the  developments  that  have 
led  to  the  improved  results.  1000  w. 
Eleci'n,  Lond — April  30,  1909.  No.  4604  A. 

Transatlantic  Wireless  Telegraphy.  G. 
Marconi.  From  a  discourse  delivered  at 
the  Royal  Inst.  Describes  results  and  ob- 
servations recorded  during  a  series  of 
tests  made  to  prove  that  wireless  tele- 
graphy across  the  Atlantic  was  possible 
as  a  means  of  commercial  communication. 
Ills.  4000  w.  Nature — April  22,  1909. 
Serial,  ist  part.     No.  4441  A. 

A  New  System  of  Wireless  Telegraphy 
Used  by  the  Telefunken  Company,  Count 
Arco.  Describes  a  system  "which  is  a 
compromise  between  the  "spark"  and  the 
"arc"  systems.  3000  w.  Elect'n,  Lond — 
April  30,  1909.     No.  4603  A. 

The  Lepel  System  of  Wireless  Tele- 
graphy. Illustrates  and  describes  the 
working  parts  of  the  Lepel  apparatus,  iodo 
w.  Elect'n,  Lond — May  14,  1909.  No. 
4946  A. 

Radio-Telephony. 

Wireless  Telephony  (Telefonia  elettrica 
senza  Fili).  O.  Majorana.  A  discussion 
of  the  Poulsen  system  of  wireless  tele- 
phony. Ills.  2500  w.  Elettricita — April 
15,  1909.     No.  4845  D. 

Telephone  Cables. 

Some  Considerations  in  the  Manipula- 
tion of  Dry-Core  Telephone  Cables.  F.  G. 
C.  Baldwin.  Abstract  of  paper  before 
the  Birmingham  Sec.  of  the  Inst,  of  Elec. 
Engrs.  Considers  telephone  practice,  de- 
scribing operations  and  methods  to  se- 
cure working  efficiency.  1800  w.  Elec 
Engr,  Lond — April  23,  1909.  Serial,  ist 
part.     No.  4446  A. 

Location  of  Faults  in  Cables.  H.  Maur- 
adian.  Discusses  the  correction  of  the 
Murray  loop  test,  giving  formula.  Also 
editorial.  800  w,  Elec  Wld — May  13, 
1909.     No.  5040. 

DISTRIBUTION. 

Buffalo,  N.  Y. 

Electricity  in  Buffalo,  N.  Y.  Gcoif^e  J. 
Kirchgasser.  Information  in  regard  to 
the  distribution  and  the  extensive  use 
made  of  electricity  brought  from  Niagara 
Falls.  3000  w,  •  Elec  Wld — May  6,  1909. 
No.  5031, 


DYNAMOS   AND   MOTCRS. 

A.  C.  Dynamos. 

The  Function  of  the  Damping  Device 
in  the  Parallel  Operation  of  Alternating 
Current  Machines  (Die  Wirkung  des 
Dampfers  bci  parallel  arbeitenden  Wechs- 
elstrommaschinen).  Iwan  Dory.  Ills. 
2800  w.  Elektrotech  u  Maschinenbau — 
April  4,  1909.    No.  5066  D. 

A.  C,  Motors. 

Alternating  Current  Electric  Motors 
Snowden  B.  Redfield.  Illustrates  and  de- 
scribes the  distinguishing  features  of  con- 
struction, characteristics  of  operation,  and 
uses  of  the  squirrel  cage,  slip  ring  induc- 
tion and  synchronous  motors.  2000  w. 
Am  Mach— Vol.  32.     No.  18.     No.  4518. 

Vector  Diagram  for  Changing  Pole 
Connections  on  Three-Phase  Motors 
(yektordiagramme  fiir  Drehstrommotoren 
mit  Polumschaltung).  Herr  Schnacken- 
burg.  Illustrated  discussion.  1200  w.  Elek 
Kraft  u  Bahnen — April  14,  1909.  No. 
5063  D. 

A  New  Six-Speed  Motor,  and  the  Ap- 
plication of  Multi-Speed  Motors  to  Cloth 
Pressing  Machines  (Neuer  sechstufiger 
Motor  und  die  Verwendung  der  Stufen- 
motoren  zum  Antrieb  von  Stoffdruck- 
maschinen).  O.  Knopfli.  Illustrated  de- 
scription. Serial,  ist  part.  2500  w.  Elek 
Kraft  u  Bahnen — Feb.  4,  1909.  No. 
4802  D. 

A.  C.  Turbo-Generators. 

See  Turbine  Tests,  under  MECHAN- 
ICAL ENGINEERING,  Steam  Engi- 
neering. 

Commutation. 

Commutation  Phenomena.  Carlton  L. 
Kennedy.  Diagrams  and  explanation  of 
what  is  happening  during  commutation. 
1500  w.  Elec  Wld — April  22,  1909.  No. 
4439- 

Commutators. 

Turbo-Commutators.  R.  J.  Roberts. 
Discusses  points  in  their  design  and  con- 
struction. 2200  w.  Elect'n,  Lond — May 
7,  1909.     No.  4719  A. 

Cooling. 

The  Advantages  of  Forced  Draft  in 
Generators  and  Motors.  Alex.  Church- 
ward. Detailed  discussion  of  the  advan- 
tages to  be  gained.  1000  w.  Elec  Wld — • 
May  13,  1909.     No.  5039. 

D.  C.  Motors. 

Location  and  Repair  of  Troubles  in 
Direct  Current  Motors.  R.  H.  Fenk- 
haiisen.  Gives  tests  for  locating  and  di- 
rections for  speedy  repairs.  Ills.  1500  w. 
Power — May  11,  1909.     No.  4585. 

Auxiliary  Poles  for  Direct-Current 
Machines.    John  N.  Dodd.  Discusses  the'r 
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electrical  design  and  method  of  testing. 
Diagrams.  4500  w.  Pro  Am  Inst  of 
Elec  Engrs — May,  1909.    No.  4999  F. 

The  Series  Motor  as  a  Load  Equalizer 
(Ausgleich  von  Belastungsstossen  mittels 
ciner  Reihenschlussmaschine).  Thomas 
Rosskopf.  Mathematical.  Ills.  1500  w. 
Elek  Kraft  u  Bahnen — April  24,  1909.  No. 
5064  D.  , 

Flux  Density. 

A  Graphical  Method  for  Determining 
the  Flux  Density  in  Teeth.  F.  Blanc 
Abstract  translation  from  Elek.  Zeit. 
Shows  the  limitations  of  ordinary  meth- 
ods and  describes  the  graphical  method  of 
determining  the  required  ampere-turns. 
1200  w.  Elect'n,  Lond — April  23,  1909. 
No.  4451  A. 
Induction  Motors. 

Torque  and  Speed  Relations  in  Poly- 
phase Induction  Motors.  A.  S.  McAllister. 
Gives  a  diagram  which  represents  the 
complete  performance  of  an  induction 
motor,  discussing  the  effect  upon  the 
torque  of  changing  the  secondary  resist- 
ance of  a  motor  without  altering  the  de- 
sign proportions.  1200  w.  Elec  Wld — 
April  22,  1909.     No.  4438. 

The  Effect  of  the  Starting  Character- 
istics Upon  the  Operation  of  an  Induction 
Motor.  M.  Berthold.  Outlines  the 
changes  in  design  proportion  that  affect 
the  torque  relations,  with  particular  refer- 
ence to  the  polyphase  squirrel-cage  type 
of  machine.  2000  w.  Elec  Wld — April 
22,  1909.     No.  4437. 

The  Application  of  the  No-Load  and 
Short-Circuit  Diagram  to  the  Design  and 
Testing  of  Induction  Motors.  Stanley  P. 
Smith.  Describes  a  diagram  by  means  of 
which  the  efficiency,  torque,  power  factor, 
slip,  etc.,  can  be  accurately  determined. 
3000  w.  Elect'n.  Lond — May  7,  1909.  Se- 
rial. 1st  part.  No.  4720  A. 
Railway  Motors. 

Notes  on  the  Single-Phase  Railway 
Motor.  S.  M.  Kintner.  Briefly  consid- 
ers its  operation  on  direct  and  on  alternat- 
ing current.  1200  w.  Elec  Jour — May, 
1909.  No.  4547. 
Rheostats. 

Submerged  Wire  Rheostat.  P.  M. 
Brown.  Gives  formulae  found  reliable  for 
immersed  wire  rheostats  using  ordinary 
galvanized  iron  wire  as  a  resistor.  111. 
800  w.  Elec  Wld — May  6,  1909.  No.  5035. 
Starters. 

Recent  Practice  in  the  Design  of  Motor 
Starters.     Illustrates  and  describes  recent 
designs.     1000    w.      Prac    Engr — May    14, 
1909.     Serial,  ist  part.     No.  4948  A. 
Turbo-Generators. 

Turbo-Generators  (Les  Turbogenerat'ri- 
ces).  An  abstract  of  a  paper  by  M.  J. 
Frankfourte  outlining  the  present  status 
of  their  design.  Ills.  3500  w.  Elecn — 
April  17,  1909.     No.  4825  D. 


Windings. 

Repairing  a  Damaged  Armature  Wind- 
ing. R.  H.  Fenkhausen.  Illustrated  de- 
scription of  methods.  1000  w.  Power — 
May  4,  1909.     No,  4488 

ELECTRO-CHEMISTRY. 
Corrosion. 

Corrosion  of  Iron  and  Steel.  Edward 
Crowe.  Abstract  of  paper  before  the 
Cleveland  Inst,  of  Engrs.  Considers  some 
of  the  circumstances  and  conditions  under 
which  relative  rates  of  corrosion  take 
place.  1800  w.  Engr,  Lond — April  23, 
1909.     No.  4472  A. 

ELECTRO-PHYSICS. 
Cells. 

Experiments  on  the  Current  and  Energv 
Efficiencies  of  the  Finlay  Elcctroyltic 
Alkali-Chlorine  Cell.  F.  G.  Donnan,  J.  T. 
Barker,  and  B.  P.  Hill.  Abstract  of  a 
paper  read  before  the  Faraday  Soc.  De- 
scribes the  main  features  and  gives  par- 
ticulars of  efficiency  tests.  Ills.  2000  w. 
Elect'n,  Lond — April  30,  1909.  No.  4602  A. 
Condensers. 

The  Effect  of  an  A.ir-Blast  Upon  the 
Spark  Discharge  of  a  Condenser  Charged 
by  an  Induction  Coil  or  Transformer.  J. 
A.  Fleming  and  H.  W,  Richardson.  Ab- 
stract of  a  paper  before  the  Phys.  Soc. 
The  discharge  current  is  shown  to  be 
more  regular  and  the  resonance  more  ac- 
curately delineated.  1500  w.  Elect'n, 
Lond — May  14,  1909.  No.  4947  A. 
Conductivity. 

Conductivity  and  the  Valuation  of  Elec- 
tric Conductors.  E.  F.  Northrup.  A 
statement  of  accepted  definitions  of  con- 
ductivity and  the  necessary  relations 
which  follow,  with  a  brief  account  of  how 
conductivity  mav  be  measured.  6000  w. 
Elec-Chem  &  Met  Ind — May,  1909.  No. 
4506  C. 
Self-induction. 

A  Graphical  Study  of  Self-induction. 
F.  P.  McDermott,  Jr.  Discusses  the  appli- 
cation of  a  graphic  method  to  problems 
connected  with  the  rise  of  current  in  a 
circuit  possessing  resistance  and  induc- 
tance under  the  application  of  a  steady 
e.  m.  f.  1500  w.  Elec  Wld — May  20, 
1909.  No.  5042. 
Waves. 

The  Resolution  of  Periodic  Curves  into 
their  Harmonic  Waves  (Ueber  die  Zerle- 
gung  periodischer  Kurven  in  ihre  har- 
momschen  Wellen).  J.  Fischer  Hinnen. 
Mathematical.  Ills.  4500  w.  Elektrotech 
u  Maschinenbau — April  11,  1909.  No. 
5067  D. 

GENERATING  STATIONS. 

Accumulators. 

The  Storage  Battery.  A.  Wohlgemuth, 
Explains  both  the  Plante  and  Faure  types, 
and  matters  relating  to  their  use.  Ills. 
1500  w.    Power — May  25',  1909.    Nq.  4979. 
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The    Installation    and    Care   of   Storage 
Batteries.    Omcr  F.  Dubruiel.     Directions 
for  installing,  care,  charging,  etc.    3000  w. 
Elec  Wld — May  6,  1909.    No.  5034. 
Central  Stations. 

The  Rating  and  Cost  of  Steam  Electric 
Generating  Stations.  H.  M.  Hobart.  An 
investigation.  1200  w.  Elec  Rev,  Lond — 
May  7,  1909.  Serial,  ist  part.  No.  4667  A. 

Economies  of  Medium-Sized  Power  Sta- 
tions. A.  J.  J.  Pfeiffer.  A  study  of  com- 
parisons between  steam,  gas,  and  oil  en- 
gines. Ills,  jooo  w.  Inst  of  Elec  Engrs — 
May,  1909.     No.  4943  N. 

The  Supply  of  Electrical  Energy  for 
Power  Purposes  in  Connection  with  Trac- 
tion Supply  Systems.  Arthur  Imbery.  Ex- 
plains methods  of  feeding  traction  circuits, 
and  of  supplying  consumers,  and  the  pre- 
cautions necessary  to  comply  with  the 
Board  of  Trade  regulations.  Diagrams. 
2200  w,  Elec  Rev,  Lond — April  22,  1909. 
Serial,     ist  part.     No.  4447  A. 

Low-Voltage  Equipment  and  Control  in 
Waterside  Station  No.  2  of  the  New 
York  Edison  Company.  Illustrated  detailed 
description.  2500  w.  Elec  Wld — April  8, 
1909.    No.  4430. 

System  of  the  Lockport  Light,  Heat  and 
Power  Company.  Outlines  the  history  and 
gives  illustrated  description  of  stations. 
2500  w.  Elec  Wld — May  6,  1909.  No. 
5029. 

Walthamstow  Electricity  Station.  Illus- 
trates and  describes  the  installation  of  a 
steam  plant  in  England.  2000  w.  Tram 
&  Ry  Wld— May  6,  1909.    No.  4953  B. 

The  Cap  Pinede  Station  of  the  Mar- 
seilles Electric  Company  (Usine  electrique 
de  la  Cie  d'Electricite  de  Marseille  au  Cap 
Pinede).  Illustrated  description.  3000  w. 
Genie  Civil — April  17,  1909.  No.  4838  D. 
Costs. 

Relation  of  Load  Factor  to  Power 
Costs.  Papers  on  this  subject  by  E.  W. 
Lloyd,  C.  A.  S.  Howlett,  and  J.  M.  S. 
Waring,  discussed  together.  9500  w. 
Jour  W  Soc  of  Engrs — April,  1909,  No. 
4789  D. 
Design. 

Discussion  on  "Prime  Movers,"  New 
York,  February  19,  1909.  Gives  the  dis- 
cussion of  papers  by  Charles  P.  Stein- 
metz.  7000  w.  Pro  Am  Inst  of  Elec 
Engrs.  May,  1909.  No.  4995  F. 
Hydro-Electric. 

The  Utilization  of  Water  Powers  (La 
Houille  blanche.  Installation  et  Utilisa- 
tion des  Chutes  d'Eau).  Achille  Berges. 
Refers  particularly  to  the  problems  of 
France.  Serial,  ist  part.  4000  w.  Elecn 
— April  10,  1909.     No.  4824  D. 

Hydro-Electric  Power  in  Canada.  Cecil 
B.  Smith.  A  review  of  the  progress  in 
developing  wafer-powers,  describing  the 
conditions,  topography,  etc.  Maps.  14000 
w.  Pro  Am  Soc  of  Civ  Engrs — May,  1909. 
No.  5107  E. 


The  High  Head  Hydro  Electric  Devel- 
opment at  Loch  Leven,  Scotland.  J.  Mur- 
ray S.  Culbcrtson.  Plan,  and  illustrated 
detailed  description  of  the  new  plant  for 
the  British  Aluminum  Co.  3CX)  w.  Eng 
Rec— May  i,  1909.     No.  4388. 

Swedish  Hydro-Electric  Power-Plants. 
John  George  Leigh.  An  illustrated  review 
of  the  development  of  the  hydraulic  power 
of  Scandinavia.  4500  w.  Cassier's  Mag — 
May,  1909.    No.  4403  B. 

Lages  River  Hydraulic  Development 
Near  Rio  de  Janeiro.  Describes  this  re- 
cent development  in  Brazil.  2000  w.  Eng 
Rec — May  22,  1909.     No.  4928. 

The  Hydro-Electric  Power  Plant  of  the 
Rio  de  Janeiro  Tramway,  Light,  &  Power 
Company.  L.  L.  Perry.  Illustrated  de- 
scription of  this  hydro-electric  plant  in 
Brazil.  3000  w.  Elec  Wld — May  6,  1909. 
No.  5037. 

Sewalls  Falls  Plant  Near  Concord,  N. 
H.  S.  Rice.  Illustrated  description  of  a 
2000-k.w.  water  pow-er  plant  containing  the 
first  installation  of  vertical  multi-runner 
direct-connected  open-tlume  turbine.  2500 
w.     Power — May  25,  1909.     No.  4978. 

Divided-Fall  Hydro-Electric  Develop- 
ments on  the  Hoosic  River.  An  illustrated 
account  of  a  development  of  unusual  in- 
terest because  of  the  duplex  plant  found 
necessary.  2500  w.  Elec  Wld — May  20, 
1909.    No.  5041. 

Non-Attendance  Electrical  Plant  at 
Westfield,  Mass.  Brief  illustrated  descrip- 
tion of  an  almost  automatic  plant  which 
has  been  in  operation  about  six  years.  800 
w.    Elec  Wld — May  20,  1909.    No.  5043. 

A  Low-Head  Hydro-Electric  Develop- 
ment, Near  Escanaba,  Mich.  Brief  illus- 
trated description.  1500  w.  Eng  Rec — 
Ivlay  15,  1909.     No.  4696. 

Sioux  Falls  Hydro-Electric  Develop- 
ment. Illustrated  description  of  a  plant  in 
South  Dakota  for  a  city  of  about  16,000 
inhabitants.  1500  w.  Elec  Wld — April  22, 
1909.     No.  4435. 

Stanislaus  River  Electric  Power  Devel- 
opment. O.  M.  Boyle,  Jr.  Illustrated  de- 
scription of  this  project  in  California.  3500 
\\.     Cal  Jour  of  Tech — April,   1909.     No. 

4759- 

Water  Power  and  Irrigation  in  South- 
western Colorado.  F.  Parkman  Coffin.  De- 
scribes the  hydro-electric  developments  of 
the  Telluride  Power  Co.,  and  the  Animas 
Power  &  Water  Co.  Ills.  2500  w.  Har- 
vard  Jour   of   Engng — April,    1909.      No. 

^931   ^■ 
Isolated  Plants. 

The  Elcctrfcal  Equipment  of  the  Gor- 
ham  Manufacturing  Company.  C.  E.  Fair- 
•  banks.  Illustrated  description  of  the  equip- 
ment of  an  industrial  plant  having  varied 
requirements  for  the  use  of  electricity. 
2000  w.  Elec  Wld^ — May  6.  1909.  No.  5030. 
Interconnections  of  Electrical  Equip- 
ment of  Indiana  Steel  Company,  Gary, 
Ind.    Outlines  the  arrangement  of  the  gen- 
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crating     equipment     and     auxiliary     ma- 
chinery, and  gives  plan  and  description  of 
the  switchboard.    2500  w.    Elec  Wld — May 
I3>  1909.     Serial,     ist  part.     No.  5038. 
Rates. 

Equity  v.   Expediency — A  Tariff  Ques- 
tion.    Ernest  E.  Sharp.     A  discussion  of 
the  two-rate  system.     1400  w.     Elec  Rev, 
Lond — April  23,  1909.     No.  4449  A.  ' 
Switchboards. 

High-Tension  Switchboards  with  Re- 
movable Switch  Carriages.  Illustrated 
detailed  description.  1500  w.  Ir  &  Coal 
Trds  Rev — April  23,  1909.    No.  4474  A. 

See  also  Isolated  Plants,  under  Gener- 
ating Stations. 

LIGHTING. 

Arc  Lamps. 

The  Regulation  of  Alternate-Current 
Flame  Arc  Lamps.  Paul  Hogner,  Ab- 
stract from  Elcctrotechnische  Zeit.  Calls 
attention  to  the  importance  of  the  resis- 
tance variations,  and  to  the  fact  that  the 
use  of  choking  coils  improves  the  effi- 
ciency nearly  40  per  cent.  1000  w. 
Elect'n,  Lond — May  14,  1909.  No.  4945  A. 

Automobile. 

See  Lighting,  under  MECHANICAL 
ENGINEERING,  Automobiles. 

Hand  Lamps. 

Lighting  the  Inside  of  Freight  Cars 
during  Loading  (Innenbeleuchtung  von 
Giiterwagen  wiihrend  des  Ladegeschr.f- 
tes).  D.  Lasser.  Describes  electric  hand 
lamps  for  connection  with  sockets  set  at 
intervals  under  the  edge  of  the  freight 
platform,  etc.  Ills.  2700  w.  Glasers  Ann 
— April  15,  1909.     No.  5058  D. 

Illumination. 

The  Theory  and  Practice  of  Illumina- 
tion. Thomas  W.  Rolph.  Discusses  the 
purpose  of  illumination,  the  protection  of 
the  eye,  the  development  of  the  science 
of  illumination^  and  related  subjects.  5000 
w.    Jour  Fr  Inst — May,  1909.    No.  4762  D. 

Incandescent  Lamps. 

Experience  with  High-Efficiency  Lamps 
in  Industrial  Plants.  Warren  H.  Miller. 
Describes  efforts  made  to  use  high-effi- 
ciency lamps  in  a  big  oil  plant,  showing 
the  destruction  to  both  tantalum  and 
tungsten  lamps  when  exposed  to  vibra- 
tion. Also  editorial.  3000  w.  Elec  Wld — 
May  6,  1909.    No.  5032. 

See  also  Tantalum,  under  MINING 
AND  METALLURGY,  Minor  Min- 
erals. 

Signal  Lamps. 

Electric  Lighting  of  Railway  Signal 
Lamps.  A  discussion  of  the  advantages 
and  methods.     Ills.     1800  w.     Elec  Engr, 

'  Lond — May  7,  1909.     No.  4716  A. 

Street. 

Comparison  of  Gas  Arcs,  Flame  Arcs 
and  Scries  Tungsten  Arches  for  Business- 


District  Street-Lighting.  H.  W.  Hill- 
man.  Favors  the  tungsten  arch  system. 
1000  w.  Elec  Wld — April  22,  1909.  No. 
4440. 

Viaduct  Lighting  in  Kansas  City.     Ed- 
win R.  Weeks.     Describes  the  lighting  by 
the  tantalum  lamp.     1600  w.     Elec  Wld — 
April  8,   1909.     No.  4434. 
Train. 

See  Train  Lighting,  under  RAILWAY 
ENGINEERING,  Motive  Power  and 
Equipment.  _ 

MEASUREMENT.  % 

Dielectric  Strength. 

The  Measurement  of  the  Insulation  Re- 
sistance of  a  Live  Three-Wire  System. 
Gisbert  Kapp  and  Dennis  Coales.  Abstract 
of  paper  accepted  by  the  Inst,  of  Elec. 
Engrs.  Describes  methods  of  finding  the 
joint  fault  resistance,  and  a  method 
whereby  the  insulation  of  each  wire  may 
be  ascertained  separately.  1000  w.  Elect'n, 
Lond — May  7,  1909.     No.  4721  A. 

Galvanometers. 

Calibration  of  a  Ballistic  Galvanometer. 
C.  M.  Jansky.  Points  out  the  fallacy  of 
methods  given  in  some  handbooks,  and 
the  reason  for  the  inaccuracy.  500  w. 
Elec  Wld^ — April  8,   1909.     No,  4431. 

High-Frequency  Currents.  m 

Apparatus  for  the  Measurement  of  Tel-  ^ 
ephone  Currents  and,  in  General,  All 
Weak  Currents  of  Very  High  Frequency 
(Appareil  pour  la  Mesure  des  Courants 
telephoniques  et,  en  General,  des  Courants 
periodiques  de  grande  Frequence  et  de 
tres  faible  Intensite).  Riccardo  Arno.  Il- 
lustrated description.  3500  w.  Bui  Soc 
Int  des  Elecns — April,  1909.     No.  4816  F, 

Insulation  Testing. 

The  Use  of  Dielectrics  and  the  Principal 
Tests  Applied  to  Them.  T.  Germann  and 
S.  M.  Hills.  Extract  of  paper  read  before 
the  Jun.  Inst,  of  Engrs.  Discusses  the 
properties  of  insulating  materials  and  the 
necessary  tests,  giving  particulars  of  a 
new  method  of  testing.  3300  w.  Elect'n, 
Lond — May  14,  1909.     No.  4944  A, 

See  also  Dielectric  Strength,  under 
Measurement. 

Meter  Testing. 

Tests  of  Watt-Hour  Meters.  Report 
prepared  by  Dr.  Cary  T.  Hutchinson  on 
tests  of  direct  and  alternating-current 
watt-hour  meters  of  the  type  used  in 
New  York  City.  3000  w.  Elec  Wld — 
April  29,  1909.    No.  4486. 

Motor  Testing. 

A  Special  Brake  and  Mechanism  for 
Recording  the  Mechanical  Output  of  a 
Motor.  A.  H.  Forman.  Illustrates  and 
describes  an  apparatus  which  gives  quite 
accurate  results.  1500  w.  Sibley  Jour  of 
Engng — April,   1909.     No.  5103  C. 

See  also  Induction  Motors,  under  Dy- 
namos and  Motors. 
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POWER  APPLICATIONS. 
Air  Compressors. 

Sec  Air  Compressors,  and  Turbo-Com- 
pressors,  under   MECHANICAL   ENGI- 
NEERING, Power  and  Transmission. 
Elevators. 

See  same  title,  under  MECHANICAL 
ENGINEERING,      Transporting      and 
Conveying. 
Heating. 

Notes  on  Radiators.  Gives  tabulated  re- 
sults of  experiments  to  determine  the  ef- 
ficiency, with  related  information.  1800 
w.  Elec  Rev,  Lond — May  7,  1909.  No. 
4668  A. 
Machine  Tools. 

See  Electric  Driving,  under  MECHAN- 
ICAL    ENGINEERING,      Power     and 
Transmission. 
Ships. 

See  Electric  Power,  under  MARINE 
AND  NAVAL  ENGINEERING. 

TRANSMISSION. 
High  Tension. 

High  Tension  Transmission.  Percy  H. 
Thomas.  Discusses  the  feasibility,  earning 
power,  and  design  of  an  adequate  plant. 
6000  w.  Pro  Am  Inst  of  Elec  Engrs — 
May,  1909.  No.  4992  F. 
Lightning  Protection. 

Lightning  Arresters.  David  B.  Rush- 
more.  Read  at  meeting  of  Cent.  Elec.  Ry. 
Assn.  Describes  some  recent  develop- 
ments. 3500  w.  Sci  Am  Sup — May  22, 
1909.    No.  4904. 

Guard    Wires    on    Transmission    Lines. 
Max  H.  Collbohm.     Discusses  their  value 
as   a   protection   from   lightning.      800   w. 
Elec  Wld — May  20,  1909.    No.  5044. 
Line  Design. 

The  Crossing  of  Railways  by  Trans- 
mission Lines  (Considerazioni  sul  Sistema 
a  tre  Tesate  di  doppi  Conduttori  cordati 
adottato  per  gli  Attraversamenti  superior! 
delle  Ferrovie).  Manfredo  Fasella.  A 
discussion  of  the  new  standards  of  the 
Italian  government.  Ills.  2500  w.  Ing 
Ferro — ^April  16,  1909.  No.  4851  D. 
Line  Failures. 

The  Failure  of  a  Portion  of  a  Steel 
Tower  Electric  Transmission  Line  in  Cali- 
fornia. Edwin  Duryea,  Jr.  An  illustrated 
description  of  the  line  and  its  partial  fail- 
ure during  a  severe  storm.  1700  w.  Eng 
News — May  13,  1909.  No.  4646. 
Lines. 

Joint  Pole  Lines  in  Los  Angeles.  J.  E. 
Macdonald.  Explains  the  causes  of  the 
pole  nuisance  in  California,  and  the  com- 
binations adopted  to  improve  conditions. 
Ills.  700  w.  Elec  Wld — April  22,  1909. 
No.  4436. 
Motor  Converters. 

The  Theory  and  Application  of  Motor 
Converters.     H.  S.  Hallo.     Describes  the 


principle,  operation,  design,  and  charac- 
teristics of  motor  converters,  referring  to 
arrangements  necessary  when  used  on 
three-wire  and  traction  system-.  Ills.  6000 
w.  Inst  of  Elec  Engrs — April,  1909.  No. 
4713  N. 

Poles. 

Reinforced  Concrete  in  Electrical  Trans- 
mission Lines.  Illustrated  description  of 
methods  of  making  reinforced-concrete 
poles,  and  explanation  of  the  advantages 
claimed.  3500  w.  Elec  Age — April,  1909. 
No.  4485. 

Protective  Devices. 

The  Protection  of  Electrical  Plants' 
against  Excess  Voltages  (Contributo  alio 
Studio  sulla  Protezione  degli  Impianti 
elettrici  contro  le  Sovratensioni).  Gino 
Campos.  Reviews  the  requirements  of 
protective  devices  and  the  principles  on 
which  they  are  designed.  Ills.  3500  w. 
Industria — April  11,  1909.     No.  4848  D. 

Rotary  Converters. 

The  Kolben-Seidener  Converter  (Peri- 
odenumformer  System  Kolben-Seidener). 
August  Bloch.  A  description  and  discus- 
sion of  this  machine.  Ills.  4000  w. 
Elektrofech  u  IMaschinenbau — April  18, 
1909.     No.    5068   D. 

Transformers. 

Transformers.  H.  B.  Gear  and  P.  F. 
Williams.  Explains  the  laws  governing 
the  design  of  the  transformer,  the  types 
of  windings  and  core  used,  discussing 
matters  relating  to  efficiency,  etc.  Ills. 
5000  w.  Elec  Age — April,  1909.  No.  4484. 
Parallel  Operation  of  Transformers.  J. 
B.  Gibbs.  Shows  the  method  of  determin- 
ing the  division  of  the  load  between  the 
transformers  and  the  importance  of  at- 
tending to  characteristics  of  transformers 
to  be  connected.  2000  w.  Elec  Jour — May, 
1909.    No.  4545. 

Voltage  Regulation. 

Discussion  on  "Conditions  Afifecting  Sta- 
bility in  Electric  Lighting  Circuits,"  New 
York,  Jan.  8,  1909.  The  paper  by  Elihu 
Thomson  is  discussed.  2500  w.  Pro  Am 
Inst  of  Elec  Engrs — May,  1909.  No. 
4997  F. 

The  Tirrill  System  of  Voltage  Regula- 
tion for  Single-  and  Three-Phase  Genera- 
tors (Regulateur  automatique  de  Tension 
pour  Generatrices  monophasecs  et  tri- 
phasees  Systeme  Tirrill).  C.  Waldschmidt. 
Describes  and  discusses  the  principle  of 
the  Tirrill  regulator  and  its  working. 
Ills.  5000  w.  Soc  Beige  d'Elccns — April, 
1909.    No.  4814  E. 

Wire  Joints. 

Wire  Joints  for  Transmission  Lines 
(Uebcr  Drahtbundvcrfahren  fiir  Freileit- 
ungen).  Robert  Nowotny.  A.  review  of 
developments  since  the  invention  of  the 
Arid  joint.  Ills.  Serial,  ist  part.  1200  w. 
Elcktrochem  Zcitschr — April  1909.  No. 
4854  D. 


We  supply  copies  of  these  articles.     See  page  723. 
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Accounting. 

Industrial  Accounting  (Les  Techniciens 
de  la  Comptabilite).  Maurice  Bellom.  Dis- 
cusses the  training  of  accountants  in  vari- 
ous countries.  Serial,  ist  part,  ^ooo  w. 
Tech  Mod — April,  1909.     No.  4832  D. 

Distribution  of  Indirect  Costs  by  the 
Machine  Hour  Method.  Gershom  Smith. 
Outlines  the  application  of  the  machine 
hour  to  the  distribution  of  indirect  cost, 
to  determine  correct  rates.  3500  w.  Engi- 
neering Magazine — June,  1909.  No.  4987  B. 

Apprenticeship. 

Apprenticeship  by  the  School  and  by  the 
Shop  (L'Apprentissage  par  I'Ecole  et'  par 
I'Atelier).  E.  Labbe.  A  discussion  of 
conditions  in  France,  favoring  trade-school 
instruction.  Serial.  1st  part.  2500  w.  Tech 
Mod— April,   1909.     No.  4833  D. 

Cost  Systems. 

A  System  of  Distributing  Waste  Losses 
in  Raw  Material  to  the  Cost  of  Finished 
Products.  L.  W.  Olsen.  Indicates  a 
method  of  distributing  losses  occurring  in 
the  melting  and  mixing  of  non-ferrous 
metals.  2000  w.  Am  Brass  Found  Assn — 
May  18,  1909.     No.  5113  N. 

Education. 

The  Progress  of  Engineering  Education. 
Robert  W.  Rogers.  Gives  an  outline  of 
the  history  of  the  development  of  struc- 
tural engineering  from  its  beginning  to 
the  present  day.  7500  w.  Sibley  Jour  of 
Engng — April,  1909.     No.  5104  C. 

Dedication  of  the  Swift  Engineering 
Building  at  Northwestern  University. 
Addresses  made  by  John  F.  Hayford, 
and  Charles  Whiting  Baker.  Ills.  6500 
w,  Eng  News — May  20,  1909.  No.  4775. 

The  Hammond  Mining  and  Metallurgi- 
cal Laboratory.  Louis  D.  Huntoon.  Il- 
lustrates and  describes  the  building  and 
its  equipment  given  by  Prof.  John  Hays 
Hammond  to  the  Sheffield  Scientific 
School  of  Yale  University.  2500  w.  Yale 
Sci  M — May,  1909.    No.  4750  C. 

The  University  of  Birmingham.  Illus- 
trated description  of  the  mining  equip- 
ment and  training.  4000  w.  Col  Guard 
— April  23,  1909.     No.  4458  A. 

Secondary  Mining  Schools  in  Austria. 
Herman  Locker.  Explains  the  organiza- 
tion, method  of  support,  and  subject's 
taught  in  these  schools^  located  in  each 
mining  district.  2000  w.  Mines  &  Min — 
May,  1909.    No.  4483  C. 

Eight-Hour  Day. 

The  Eight-Hour  Day  in  Pr?ctice.  Con- 
siders the  probable  effect  of  the  English 
Act  that  goes  into  operation  July  ist  in 
the  collieries.  2500  w.  Col  Guards — May 
7,  1909.     No.  4724  A. 


Engineers. 

Why  Engineers  Do  Not  Take  ]\Iore 
Part  in  Government.  Joseph  R.  Worces- 
ter. Addresses  at  meeting  of  Boston  So- 
ciety of  Civil  Engineers.  6000  w.  Jour 
Assn  of  Engng  Socs — March,  1909.  No. 
4907  C. 

Fire  Loss. 

See  Natural  Resources,  under  INDUS- 
TRIAL ECONOMY. 

Labor. 

The  Unemployed  in  European  Coun- 
tries. W.  D.  P.  Bliss.  Information  and 
discussion  from  a  bulletin  issued  by  the 
American  Bureau  of  Labor.  Considers 
what  European  countries  have  accom- 
plished, and  the  work  in  progress.  5000 
w.  Ir  &  Coal  Trds  Rev — May  7,  1909. 
Serial,    ist  part.    No.  4731  A. 

Labor  Insurance. 

The  Insurance  and  Pensioning  of  Em- 
ployes in  Austria.  An  examination  of  the 
three  Austrian  Acts  of  Parliament  which 
deal  with  these  matters.  4500  w.  Engng — 
April  30,  1909.    No.  4623  A. 

Management. 

See  Steel  Works,  under  MINING  AND     1 
METALLURGY,   Iron   and   Steel;   and     ' 
Management,  under    RAILWAY    ENGI- 
NEERING, Miscellany. 

Marine  Transport. 

Japanese  Shipping  and  Ship-Building 
Subsidies.  A  discussion  of  the  new  law  | 
enacted  by  the  Diet  which  makes  the 
amount  payable  in  subsidies  less  than  dur- 
ing the  past  year  or  two.  1200  w.  Engng 
— April  30,  1909.    No.  4621  A. 

Natural  Resources. 

Introductory  Address  at  Meeting  of  En- 
gineers in  New  York,  March  24,  1909.  Dr. 
James  Douglas.  1200  w.  Bui  Am  Inst  of 
Min  Engrs — May,  1909.     No.  5004  F. 

Conservation  of  Natural  Resources.  Jas. 
Dor.glas.  A  review  of  recent  progress  in 
copper  smelting,  blast-furnace  practice, 
and  other  industries.  5500  w.  Bui  Am 
Inst  of  Min  Engrs — May,  1909.  No. 
5000  F. 

The  Conservation  of  Natural  Resources 
by  Legislation.  R.  W.  Raymond.  Discusses 
some  of  the  dangers  of  legislative  con- 
servation, and  related  matters.  6500  w. 
Bui  Am  Inst  of  Min  Engrs — May,  1909. 
No.  5006  F. 

The  Conservation  of  Water.  John  R. 
Freeman.  Discusses  some  misapplications 
of  the  doctrine  of  forest  influence  on 
stream  flow,  and  other  features  of  the 
conservation  movement.  5000  w.  Bui  Am 
Inst  of  Min  Engrs — May,  1909.  No. 
5005  F. 


}Ve  s:ipply  copies  of  these  articles.     See  page  723. 
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A  Rational  Basis  for  the  Conservation 
of  Mineral  Resources.  Joseph  A.  Holmes. 
Discusses  the  proper  basis  for  such  conser- 
vation, what  may  be  accomplished,  etc. 
3000  w.  Bui  Am  Inst  of  Min  Engrs — May, 
1909.     No.  5003  F. 

The  Waste  of  Our  Natural  Resources 
by  Fire.  Charles  Whiting  Baker.  Dis- 
cusses statistics  of  waste  due  to  fires. 
2000  w.  Bui  Am  Inst  of  Min  Engrs — May. 
1909.     No.  5007  F. 

Electricity  and  the  Conservation  of 
Energy.  Lewis  B.  Stillwell.  Read  at  a 
joint  meeting  of  Engineering  Societies 
held  in  New  York,  March  24,  1909.  Il- 
lustrates the  function  of  electricity  in  the 
conservation  of  natural  resources,  sum- 
marizing the  present  power  requirements 
in  the  United  States,  and  the  water  power 
available,  and  related  matters.  Also  dis- 
cussion. 9000  w.  Pro  Am  Inst  of  Elec 
Engrs — May,   1909.     No.  4993  F. 

Patents. 

The  Patent  Situation.  Gorham  Crosby. 
A  criticism  of  statements  made  by  James 
T.  Barkelew  in  regard  to  the  United 
States  patent  laws.  1800  w.  Elec  Wld — 
April  8,  1909.     No.  4433. 

The  Patent  System  in  Its  Relation  to 
Industrial  Development.  Frederick  P. 
Fish.  Calls  attention  to  some  of  the  un- 
derlying principles  of  the  United  States 
patent  policy,  showing  how  they  seem  to 


work  in  practice.     loooo  w.     Pro  Am  Inst 
of  Elec  Engrs— May,   1909.     No.  4998  F. 

Peru. 

The  Resources  of  the  Per  ivian  Andes 
and  Amazon.  C.  Reginald  Enock.  An 
interesting  description  of  this  country,  its 
natural  resources  and  products.  7000  w. 
Jour  Soc  of  Arts— April  30,  1909.  No. 
4595  A. 
Tariff. 

I,  Tariff  Revision  from  the  Manufac- 
turer's Standpoint.  Dr.  A.  B.  Farquhar, 
and  II.  H.  E.  Miles;"  III.  From  the  Irn- 
porter's  Standpoint.  Francis  E.  Hamil- 
ton. IV.  From  the  Consumer's  Stand- 
point. Jesse  E.  Orton.  V.  A  Perma- 
nent Tariff  Bureau.  Seymour  C.  Loomis. 
Papers  presented  before  the  American  As- 
sociation for  the  Advancement  of  Science, 
at  Baltimore.  12500  w.  Pop  Sci  M — 
May,  1909.     No.  4406  C. 

Wage  System. 

The  Premium  System  of  Paying  Work- 
men. F.  C.  Blanchard.  From  a  paper  be- 
fore the  Nat.  Metal  Trds.  Assn.  De- 
scribes methods  used  in  lighter  manufac- 
turing in  the  cases  of  both  individual  and 
gang  operations.  2000  w.  Ir  Age — May 
6,    1909.     No.   451 1. 

See  also  Management,  under  RAIL- 
WAY ENGINEERING,  Miscellany; 
and  Car  Maintenance,  under  STREET 
AND  ELECTRIC  RAILWAYS. 
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Armor. 

Armor  and  Projectiles  (Corazze  e 
Proietti).  E.  Bravetta.  A  discussion  of 
Capt.  Tresidder's  paper  "Modern  Armour 
and  its  Attack,"  read  before  the  Inst,  of 
Nav.  Archs.  Ills.  15000  w.  Riv  Marit — 
April,  1909.     No.  4843  E  -f  F. 

Battleships. 

Monster  Battleships.  Sidney  Graves 
Koon.  Discusses  the  recent  increase  in 
size,  especially  the  U.  S.  vessels  of  26000 
tons  each,  to  be  built  at  a  cost  of  $9,500,- 
000  per  vessel.  1500  w.  Int  Marine 
Engng — May,  1909.     No.  4493  C. 

The  World's  Seventy  Dreadnoughts. 
Archibald  S.  Hurd.  An  illustrated  dis- 
cussion of  the  struggle  for  supremacy 
among  naval  powers.  4000  w.  Cassier's 
Mag — May,  1909.     No.  4400  B. 

The  French  Dreadnoughts.  Illustrates 
and  describes  particulars  of  the  construc- 
tive details,  with  critical  remarks.  1500  w. 
Engr,  Lond — April  30,  1909.     No.  4627  A. 

The  New  United  States  Battleship 
"Mississippi."  Illustrations,  with  brief 
description.  800  w.  Sci  Am — May  29, 
1909.    No.  5025. 


The  Brazilian  Battleship  "Sao  Paulo." 
Illustrated  detailed  description.  Plate. 
1700  w.  Engng — April  23,  1909.  No. 
4462  A. 

The  Speed  Trials  of  the  Deutschland 
Class.  Brief  comparison  of  types  and  de- 
signsj  especially  of  the  German  vessels. 
800  w.  Engr,  Lond— April  23,  1909.  No. 
4465  A. 
Dredges. 

Design  of  Hulls  for  Hydraulic  Cutter 
Dredges.  E.  N.  Percy.  Considers  the  re- 
quirements of  a  dredge  hull.  1700  w.  Int 
Marine  Engng— May,   1909.     No.  4492  C. 

The  Bates  Electrically  Driven  Hydrau- 
lic Dredger.  Illustrated  description  of  a 
dredge  constructed  for  the  Russian  gov- 
ernment. 600  w.  Int  Marine  Engng — 
May,  1909.  No.  4491  C. 
Electric  Power. 

Electrical  Installations  on  Steamships. 
H.  T.  Boothroyd.  Abstract  of  paper  read 
before  the  Liverpool  Engng.  Soc.  Deals 
with  the  wiring  and  details  of  the  instal- 
lation, the  various  uses  of  electricity  and 
related  subjects.  4500  w.  IMarine  Rev — 
May,  1909.     No.  4679. 


We  supply  copies  of  these  articles.     See  page  7^.?. 
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French  Marine. 

The  Crisis  in  the  French  Marine.  A 
discussion  of  the  country's  naval  decHne 
as  revealed  by  the  recent  investigation  of 
M.  Picard.  3000  w.  Engr,  Lond — May 
14,  1909.     No.  4966  A. 

Gas  Engines. 

Marine  Producer  Gas  Power.  C.  L. 
Straub.  A  comparison  of  producer-gas 
and  steam  equipments.  Ills.  3500  w.  Jour 
Am  Soc  of  Mech  Engrs — May,  1909.  No. 
4414  F. 
Launching. 

Launching  Measurements  on  the  Lloyd 
Steamer  "Berlin"  at  the  Weser  Company's 
Yards  in  Bremen,  November  7,  1908 
(Stapellaufmessungen  beim  Ablauf  des 
Lloyddampfers  "Berlin"  auf  der  Werft 
der  Aktien-Gesellschaft  "Weser"  in 
Bremen  am  7  November  1908).  Otto 
Lienau,  Results  of  tests  to  determine 
the  speed  of  launching.  Ills.  3200  w. 
Schiffbau — April  14,  1909.  No.  4877  D. 
Motor  Boats. 

What  the  Automobile  is  Doing  for  the 
Boat  Engine.  Herbert  S.  Towle.  A  dis- 
cussion of  the  comparative  advantages  of 
automobile  and  marine  types.  2500  w. 
Rudder — May,    1909.     No.   4592    C. 

Power  Boats  and  Power  Boating  in 
the  Pacific  Northwest.  R.  M.  Haddock. 
Illustrated  descriptions  of  types  in  use  in 
a  field  especially  suited  to  power  boat  use- 
fulness. 3500  w.  Rudder — May,  1909. 
No.  4590  C. 
Propellers. 

Origin  of  the  Screw  Propeller.  Win- 
field  M.  Thompson.  An  account  of  the 
Stevens  screw-propeller  as  used  in  1804, 
describing  the  boat  and  giving  related 
information.  Ills.  8000  w.  Rudder — 
May,  1909.  No.  4589  C. 
Shipbuilding. 

Standardization.  Archibald  Denny. 
Read  at  meeting  of  the  Inst,  of  Naval 
Archts.  Report  on  the  work  done  by  the 
Engineering  Standards  Committee  on  sec- 
tions and  tests  for  materials  and  ma- 
chinery. 5000  w.  Marine  Rev — May,  1909. 
No.  4680. 

Shipbuilding  on  the  Great  Lakes.  Her- 
bert C.  Sadler.  Read  before  the  Inst,  of 
Naval  Archts.  Explains  the  prevailing 
conditions,  and  describes  features  of  the 
modern  "Lake  freighters."  Ills.  3000  w. 
Engng — May  14,  1909.  No.  4965  A. 
Ship  Resistance. 

Researches  on  the  Resistance  of 
Boats  to  Towing,  and  a  New  Speed- 
Measuring  Device  (Recherches  sur  la 
Resistance  a  la  Traction  des  Bateaux,  un 
nouveau  Mesureur  de  Vitesses).  MM. 
Barlatier  dc  Mas  and  Guillet.  Illustrated 
description.  2000  w.  Ann  d  Fonts  et 
Chaussees — 1909-L  No.  4812  E  -f-  F. 
Steamboats. 

Jonathan     Hulls    and     His    Steamboat". 


Edward  P.  Buffet.  Sketch  of  the  inventor 
and  description  of  one  of  the  earliest  pat- 
ented systems  of  vessel  propulsion  by 
means  of  the  steam  engine.  Ills.  2500  w. 
Power — May  4,  1909.  No.  4487. 
Steam  Boilers. 

Naval  Boilers  in  Service.  H.  C,  Dinger. 
A  review  of  the  relative  advantages  de- 
veloped, repairs  now  necessary,  and  gen- 
eral economy  of  the  various  types  of  boil- 
ers on  the  vessels  of  the  U.  S.  fleet  that 
encircled  the  globe.  Ills.  3300  w.  Int 
Marine  Engng — May,  1909.  No.  4495  C. 
Steamships. 

Freighters  for  the  A.  H.  Bull  Steam- 
ship Company.  Illustrated  detailed  de- 
scription of  a  steel  freight  steamship  for 
foreign  trade.  1200  w.  Marine  Rev — 
May,  1909.     No.  4678. 

Triple-Screw  Steamer  Laurentic.  Brief 
illustrated  description  of  a  new  vessel  for 
the  White  Star  Dominion  service.  1000 
w.  Engr,  Lond — April  23,^  1909.  No. 
4470  A. 

See  also  Shipbuilding,  under  MARINE 
AND   NAVAL   ENGINEERING. 
Steam  Turbines. 

Marine  Steam  Turbines.  Discusses  the 
application  of  turbines  to  merchant  ves- 
sels, examining  the  advantages  claimed, 
and  showing  the  propeller  to  be  the  weak 
point  in  the  turbine  system.  4000  w. 
Engr,  Lond — April  30,  1909.     No.  4626  A. 

The  Manoeuvring  Capabilities  of  Tur- 
bine-Driven Vessels.  Shows  how  the 
turbine-driven  vessel  is  manoeuvred  in 
narrow  tidal  waterways.  Diagram.  1800 
w.     Engng — April  23,   1909.     No.  4460  A. 

The  Present  Development  of  the  Ma- 
rine Steam  I'urbine  (Die  heutige  Ent- 
wicklung       der        Schiffsturbine).  H. 

Schmidt.  A  general  review.  Serial,  ist 
part.  3000  w.  Zeitschr  f  d  Gesamte  Tur- 
binenwesen — April  30,  1909.     No.  4882  D. 

12,500    H.    P.    Turbines    of   the    "North 

Dakota."      Illustrated    description    of    the 

Curtis  marine  type  turbines  of  25000  h.  p. 

2500  w.    Power — May  25,  1909.    No.  4977. 

Survey  Vessels. 

Non-Magnetic  Survey  Yacht  Carnegie. 
Henry  J.  Gielow.  Illustrated  description 
of  'this  vessel,  being  built  for  use  in 
ocean  surveys  to  determine  the  magnetic 
conditions  of  deep-water  seas.  2500  w. 
Rudder — May,  1909.  No.  4591  C. 
Tank  Steamers. 

Design  of  a  Vessel  for  Oil  Transport 
(Entwurf  eines  Petroleum-Transport- 
Fahrzeuges).  G.  Zeyss.  Describes  the 
design  of  a  tank  steamer  of  700  tons  ca- 
pacitv.  Ills.  Serial,  ist  part.  2800  w. 
Schiffbau— April  28,  1909.  No.  4878  D. 
Torpedo  Testing. 

Torpedo  Battery  in  the  Mediterranean. 
Illustrated  detailed  description  of  the 
French  experimental  station  at  Leoube 
Bay,  with  related  information.  4000  w. 
Engr,  Lond — April  23,  1909.    No.  4467  A. 


We  supply  copies  of  these  articles.     See  page  72^. 
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AUTOMOBILES. 
Brixia-Zust. 

An  Italian  Car  of  the  "Four-Inch" 
Class.  Photographs  and  description  of 
the  25-H.  P.  Brixia-Zust.  1500  w.  Auto 
Jour — May  i,   1909.     No.  4596  A. 

Design.  • 

Unsolved  Problems  of  the  Motor  Car. 
Col.  H.  C.  L.  Holden.  Abstract  of 
"James  Forrest"  lecture  before  the  Inst. 
of  Civ.  Engrs.  Deals  principally  with 
the  problems  awaiting  solution.  2500  w. 
Auto  Jour — May  i,  1909.  Serial,  ist  part. 
No.  4599  A. 

The  Peculiar  Requirements  of  Peculiar 
Countries.  A  symposium  of  opinions  of 
the  conditions  under  which  motor  cars 
must  be  used.  The  present  article  deals 
with  Canada  and  the  Federated  Malay 
States.  1800  w.  Autocar — May  i,  1909. 
Serial,  ist  part.     No.  4600  A. 

The  Torpedo  Body.  Its  Evolution  and 
Possibilities.  Illustrated  description  of 
Capt.  Masui's  design  for  a  new  type  of 
body.  600  w.  Autocar — May  8,  1909. 
No.  4703  A. 

Immunity  from  Side-Slip.  Illustrated 
description  of  the  "Safety"  chassis,  a 
practical  development  of  the  live  front 
axle.  2000  w.  Auto  Jour — April  24, 
1909.    No.  4443  A. 

Electric. 

See  Fire  Apparatus,  under  Automo- 
biles. 

E.  N.  V. 

French  Newcomer  with  Aerial  Engine. 
Illustrated  notes  of  a  car  to  be  built  in 
France,  which  in  many  details  departs 
from  current  practice.  2500  w.  Auto- 
mobile— May  6,  1909.     No.  4534. 

Fire  Apparatus. 

Electric  Automobile  Fire  Apparatus 
of  the  Berlin  Fire  Department  (Der  elek- 
tromobile  Loschzug  der  Berliner  Feuer- 
wehr).  Illustrated  description.  Serial, 
1st  part.  1800  w.  Zeitschr  d  Mit  Motor- 
wagen  Ver — April  15,  1909.     No.  5054  D. 

Fuels. 

How  to  Save  the  Petrol  Tax.  Deals 
with  fuel-saving  practices  and  economiz- 
ing devices.  Ills.  3000  w.  Auto  Jour — 
May  15,  1909.     No.  4940  A. 

Hillman-Coatalen. 

The  12-15  h.  p.  Hillman-Coatalen  Car. 
Illustrated  description  of  a  car  of  the  4- 
cylindcr  type.  1200  w.  Autocar — April 
24,  1909.     No.  4442  A. 

Ignition. 

Flelpful  Hints  on  Ignition  Topics.  Mor- 
ris A.  Hall,     Explains  important  parts  of 


the  ignition  systems  and  troubles  of  each. 
Ills.       2500     w.       Automobile— May     20, 
1909.     Serial,   1st  part.     No.  4793. 
See  also  Lighting,  under  Automobiles. 
Lighting. 

Electric  Light  for  Motorists.  Illus- 
trated description  of  the  Bleriot  self-con- 
tained automatic  installation.  1200  w. 
Auto  Jour — May  8,   1909.     No.  4665  A. 

An  All-British  Electric  Plant  for  Car 
Lighting.  Illustrated  description  of  a 
complete  ignition  and  lighting  system, 
with  an  ingenious  constant  voltage 
(Leitner)  dynamo.  2000  w.  Auto  Jour 
— Alay  15,  1909.     No.  4941  A. 

Fog-Penetrating  Head-Lamps.  Illus- 
trated description  of  the  "Sylverlyte"  elec- 
tric system  of  burying  a  lamp  in  a  lens. 
1200  w.  Auto  Jour — May  i,  1909.  No. 
4597  A. 

The  Bleriot  Lighting  and  Charging 
Dynamo.  Illustrates  and  describes  a  ma- 
chine for  supplying  current  to  the  car 
lamps  and  for  ignition  purposes.  1500  w. 
Autocar — May  15,   1909.     No.  4939  A. 

Motor  Cooling. 

An  Experiment  in  Air-Cooling.  Illus- 
trated description  of  the  system  of  E.  H. 
Morgan,  which  induces  a  draft  through 
the  cylinder  jackets  by  the  action  of  the 
exhaust,  and  increases  the  radiation  in 
hot  places  by  coating  them  with  a  chem- 
ical. 1200  w.  Auto  Jour — May  8,  1909. 
No.  4666  A. 

Motor  Governing. 

The  Governing  of  Automobile  Motors 
(Zur  Regelung  von  Automobil-Gasma- 
schinen).  R.  Lutz.  A  discussion  of  de- 
vices for  speed  regulation.  Ills.  3300  w. 
Zeitschr  d  Ver  Deutschcr  Ing — April  17, 
1909.     No.  5075  D. 

Motor  Tests. 

A  Scries  of  Tests  on  a  White  Steam  Car. 
C.  H.  Benjamin  and  G.  A.  Young.  A  re- 
port of  tests  made  to  determine  h.  p.  out- 
put in  terms  of  engine  rating  and  econ- 
omy at  different  speeds  and  loads.  Ills. 
3000  w.  Am  Mach — Vol.  z^-  No.  19. 
No.  4635. 

Packard. 

Packard  Cars  for  19 10.  Illustrates  and 
describes  the  latest  type  of  Packard 
"Thirty',  showing  new  phaeton  body  and 
features  of  the  motor.  2500  w.  Auto- 
mobile— ]\Iay  20,  1909.     No.  4794. 

Speed  Changing. 

Speed  Changing  in  Automobiles  (Les 
Changements  de  Vitesse  dcs  Automo- 
biles). E.  Girardault  and  J.  Bethenod. 
A  theoretical  discussion  of  the  choice  of 
change-speed  gears.  Ills.  3200  w.  Genie 
Civil — xAipril  17,  190^^     No.  4839  D. 
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Speed  Indicators. 

Speed  Measuring  Devices  for  Auto- 
mobiles and  Locomotives  (Geschwindig- 
keitsmesser  fiir  Motorfahrzeuge  und  Lo- 
komotiven).  Herr  Pflug.  Discusses  their 
use,  requirements,  and  the  various  classes. 
4500  w.  Glaser's  Ann — April  15,  1909. 
No.  5057  D. 

A  Tip  Concerning  SpeedometCi    Equip- 
ment.     Suggests    a    direct-drive,   oil-bath, 
open-scale    arrangement.      Ills.      1500    w. 
Auto  Jour — May  i;  1909.     No.  4598  A. 
Tires. 

The  Manufacture  and  Care  of  Tires 
(Das  Wichtigste  iiber  den  Kautschuk, 
die  Fabrikation  und  Pflege  der  Pneu- 
matiks).  Dr.  K.  Dieterich.  Shows  the  im- 
portance of  the  tire  problem  and  the  ad- 
vantages and  defects  of  rubber  as  a  tire 
material.  4500  w.  Zeitschr  d  Mit  Motor- 
wagen  Ver — April  15,  1909.     No.  5053  D. 

Transmissions. 

Transmission  of  Power  from  Engine  to 
Road  Wheels.  L.  A.  Legros.  Abstract 
of  paper  before  Inst,  of  Auto.  Engrs. 
Discusses  details  of  transmission  from 
the  gear  box  to  the  back  axle.  2500  w. 
Automobile — May   13,    1909.     No.   4653. 

White. 

See   Motor  Tests,   under  Automobiles. 
COMBUSTION  MOTORS. 
Gas  Engines. 

The  loo-Horse  Power  Gas  Engine.     T. 
,W.    Burt.      An    illustrated    discussion    of 
current  British  practice  in  suction  produc- 
ers and  engines.     6500  w.     Cassier's  Mag 
— May,  1909.     No.  4402  B. 

Reciprocating  Gas  Engines  with  Previ- 
ous Compression  and  Exhaust-Gas  Tur- 
bines (Kolbengasmaschine  mit  Vorkom- 
pression  und  Abgasturbine).  Felix  Lan- 
gen.  Discusses  the  possibility  of  combin- 
ing a  gas  engine  with  a  low-pressure  gas 
turbine.  2000  w.  Zeitschr  f  d  Gesamte 
Turbinenwesen — April  30,  1909.  No. 
4883  D. 

See  also  Coke-Oven  Gas,  under  MIN- 
ING AND   METALLURGY,   Coal  and 
Coke. 
Gasoline  Engines. 

The  Testing  of  Petrol  Engines.  Jas. 
L.  Miller.  Read  before  the  Glasgow  Tech. 
College  Sci.  Soc.  Explains  the  objects 
of  the  tests  and  some  methods  used.  2500 
w.    Mech  Wld — May  7,  1909.  No.  4663  A. 

See   also    Cams,   under   Machine   Ele- 
ments AND  Design. 
Gas  Power  Plants. 

Operation  of  a  Small  Producer  Gas- 
Power  Plant.  C.  W.  Obert.  Plan  and 
'  description  of  a  notable  installation,  in- 
cluding a  400-h.  p.  producer  gas  plant 
for  the  operation  of  refrigerating  and 
electric  machinery.  3500  w.  Jour  Am 
Soc  of  Mech  Engrs — May,  1909.  No. 
4412  F. 

See  also  Rolling  Mills,  under  AlINING 
AND  METALLURGY,  Iron  and  Steel. 


\ 


Gas  Producers. 

Col.  J.  J.  Astor's  Vibratory  Disintegra- 
tor. Illustrated  description  of  an  in- 
genious device  which  manufactures  pro- 
ducer gas  from  peat.  900  w.  Sci  Am 
— May   22,    1909.     No.  4902. 

The  Parsy  Jtiorizontal  Gas  Producer 
(Gazogene  a  Combustion  horizontale 
pour  Fours  a  Cornues  d'  Usines  a  Gaz, 
Systeme  Pafsy).  A.  Grebel.  Describes 
the  producer  and  its  working.  Ills.  3000 
w.  Genie  Civil — April  24,  1909.  No. 
4841   D. 

Gas  Turbines. 

The  Pelterie  Explosion  Turbine.  A 
brief  resume  of  a  new  system  patented  by 
the  inventor,  M.  Esnault-Peltrie.  800  w. 
Auto  Jour — April  24,  1909.  No.  4444  A. 
See  also  Gas  Engines,  under  Combus- 
tion Motors. 

HEATING  AND  CdOLING. 

Central  Plants. 

Central  Heating  and  Lighting  Plant  for 
the  United  States  Military  Academy. 
Henry  C.  Meyer,  Jr.  Plan  and  illustrated 
description  of  the  plant  at  West  Point  J 
to  serve  a  group  of  buildings.  4500  w.  51 
Eng  Rec — May  i,  1909.  Serial,  ist  part. 
No.  4392. 

Central  Hot- Water  Heating  Systems 
(Fernwarmwasserheizungen).  O.  Krell. 
Examines  the  possibility  of  installing  a 
system  similar  to  that  of  the  New  York 
Steam  Company  in  Niirnberg,  Germany. 
Ills.  2800  w.  Gesundheits-Ing — April  24, 
1909.    No.  4889  D. 

Heating  Systems. 

A  Few  Principles  for  Heating  Build- 
ings. R.  W.  Kings.  Considers  the  main 
points  to  be  borne  in  mind  by  engineers. 
6000  w.  Con  Rec — May  12,  1909.  No. 
4675. 

Hot-Air  Heating. 

An  Unusual  Residence  Furnace  Heat- 
ing Plant.  Describes  a  trunk  main  sys- 
tem with  arrangements  for  return  air 
circulation  which  is  effected  by  open  fire- 
places. Ills.  3000  w.  Met  Work — May 
8,  1909.     No.  4556. 

Hot-Water  Heating. 

See  Central  Plants,  under  Heating  and 
Cooling. 

Plumbing. 

Plumbing  Plans  and  Specifications.  O. 
B.  Cr?ig.  Presents  the  advantages  of 
proper  plans  and  specifications.  Drawings. 
2000  w.     Met  Work — May  8,  1909.     No. 

4557. 

Plumbing  in  the  Lackawanna  Railroad 
Station  at  Scranton,  Pa.  Illustrated  de- 
scription of  the  Durham  system  of  drain- 
age used  and  unusual  features  of  the 
water  installation.  1800  w.  Met  Work — 
May  22,  1909.  No.  4914. 
Refrigeration. 

Artificial      Refrigeration.        James      T. 


We  supply  copies  of  these  articles.    See  page  ^23. 
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Ludlow.  A  non-technical  description  of 
the  anhydrous  ammonia  compression  sys- 
tem. Ills.  4000  w.  Cal  Jour  of  Tech — 
April,  1909.    No.  4760. 

A  New  Compression  Refrigerating  Ma- 
chine (Een  nieuwe  Constructie  van  Com- 
pressie-Koelmachines  en  eenige  toepassin- 
gen  der  kunstmatige  koude).  J.  F.  H. 
Koopman.  Refers  particularly  to  the 
Audiffren  machine.  Ills.  6000  w.  De 
Ingenieur — April  3,   1909.     No.   5080  D. 

Steam  Heating. 

See  Shop  Heating,  under  Machine 
Works  and  Foundries. 

Temperature  Regulators. 

A  New  Automatic  Temperature  Regu- 
lator (Ein  ncuer  selbsttatiger  Tempera- 
turregler).  A.  Busau.  Illustrated  de- 
scription. 1900  w.  Gesundheits-Ing — 
April  10,  1909.    No.  4886  D. 

HYDRAULIC   MACHINERY. 
Centrifugal  Pumps. 

Centrifugal  Pump  Efficiency.  V.  V. 
Messer.  Shows  the  expense  of  running 
an  inefficient  pump,  and  discusses  details 
that  affect  the  efficiency.  Ills.  2000  w. 
Min  &  Sci  Pr — May  15,  1909.  No.  4792. 
Hydrostatics. 

Hydraulic  Pressure  and  Transmission 
of  Power.  George  E.  Evans.  Prize  Es- 
say. The  present  number  gives  a  brief 
historical  review  of  the  use  of  water  un- 
der pressure  as  a  motive  power,  and  a 
study  of  the  underlying  principles.  Ills. 
4500  w.  Plumb  &  Dec — May  i,  1909. 
Serial,  ist  part.  No.  4661  A. 
Penstocks. 

The  Design  of  Steel  Pipes  for  Hydro- 
Electric  Plants.  Richard  Muller.  Dia- 
grams and  discussion  of  the  design  of 
steel  penstocks  for  power  plants.  2500  w. 
Eng  Rec — May  i,  1909.  No.  4394. 
Pumping  Plants. 

Notes  on  the  Designing  of  Modern 
Water  Works  Pumping  Stations.  Ernest 
R.  Matthews.  With  special  reference  to 
the  new  pumping  station  in  course  of 
erection  at  Bridlington.  Ills.  3000  w. 
Surveyor — April  23,  1909.  No.  4452  A. 
Pumps. 

See  same   title,  under   MINING  AND 
METALLURGY,  Mining. 
Pump  Valves. 

Valves   for  High-Speed   Pumps.     Illus- 
trated description  of  a  new  design.     700 
w.     Engng — May  14,  1909.  "  No.  4962A. 
Turbine  Plants. 

A  Suggestion  for  Improvement  in  the 
Use  of  Fine  Screens  in  Water-Power 
Plants  (Vorschlage  fiir  eine  Verbesserung 
der  Feinrechen  bei  Wasserkraftanlagen). 
Theodor  Koehn.  A  discussion  of  the 
best  means  of  protecting  turbine  machin- 
ery against  the  entrance  of  foreign  matter 
in  the  water.  Ills.  5000  w.  Die  Turbine 
— April  20,  1909.    No.  4879  D, 


Turbines. 

Sec   Hydro-Electric,  under  ELECTRI- 
CAL ENGINEERING,  Generating  Sta- 
tions. 
MACHINE  ELEMENTS  AND  DESIGN. 

Ball  Bearings. 

Ball  Bearings — Origin,  Manufacture, 
Design  and  Application.  E.  Sachs.  Ad- 
dress before  the  Polytechnische  Verein. 
Ills.  1500  w.  Automobile — May  13,  1909. 
No.  4654. 

Some  Notes  on  Ball  Bearings.  Asher 
Golden.  Methods  of  eliminating  friction, 
materials  and  various  related  subjects. 
Ills.  4000  w.  Mach,  N  \ — May,  1909. 
No.  4429  C. 
Cams. 

Laying  Out  Cams  for  Brown  and  Sharpe 
Screw  Machine.  F.  W.  Wright.  Dia- 
grams and  description.  1500  w.  ^Mech 
Wld— May  7,  1909.     No.  4664  A. 

Marine  Engine  Cams.  Albert  H.  Zieg- 
ler.  The  designing  and  constructing  of 
cams  to  obtain  accurate  cam  action  is  dis- 
cussed. Diagrams.  2500  w.  Rudder — 
May,  1909.  No.  4593  C. 
Crank  Shafts. 

Guests's  Law  of  Combined  Stress.  C.  A. 
Smith.  Sketches  the  reasoning  for  a  gen- 
eral case,  and  aoplies  it  to  a  particular  ex- 
ample. Diagrams.  3000  w.  Engng — 
April  23,  1909.  No.  4459  A. 
Flywheels. 

Use  Cylindrical  Flywheels  for  Safety. 
A.  L.  Hodges.  Claims  that  widening  rim 
and  shortening  radius  will  obviate  ex- 
plosions without  sacrificing  convenience, 
cost  or  efficiency.  1500  w.  Power — May 
4,  1909.  No.  4489. 
Journal  Loads. 

Journal  Loads  in  Geared  Mechanisms. 
John  Egdar.  Points  out  modifications  thit 
must  be  made  in  the  general  theory  that 
the  gear-tooth  pressure  is  transmitted  di- 
rectly to  the  journal  bearings  in  inverse 
proportion  to  their  distance  from  the 
gear.  Diagrams.  2500  w.  Am  Mach — 
Vol.  32.  No.  21.  No.  5016. 
Rivetted  Joints. 

The  Strength  of  Rivetted  Joints  (De 
la  Resistance  des  Pieces  rivees).  Ch. 
Fremont.  A  report  of  extended  re- 
searches. Ills.  16800  w.  Bui  Soc  d'  En- 
cour — April,  1909.  No.  4866  G. 
Shafts. 

Some  Problems  in  Shaft  Design,  with 
a  Graphic  Method  of  Solution.  Gives  a 
problem  and  a  demonstration  of  a  graphic 
method  for  its  solution.  1500  w.  Prac 
Engr — April  30,  1909.  No.  4605  A. 
MACHINE  WORKS  AND  FOUNDRIES. 
Blacksmith  Shops. 

Anvils  and  Forges.  James  Cran.  Dis- 
cusses points  relating  to  blacksmith  shop 
equipment.  Ills.  2000  w.  Mach,  N  Y — 
May,  1909.     No.  4428  C. 


We  supply  copies  of  these  articles.     See  page  72$. 
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Boiler  Making. 

The  Manufacture  of  Sectional  Boilers 
for  Central  Heating  Plants  (Fabrikation 
von  gusseisernen  Gliederkesseln  fiir  Zen- 
tralheizungen),  Frz.  Kerth.  Illustrated 
description  of  method.  Serial,  ist  part. 
1500  w.  Giesserei-Zeit — April  i,  1909.  No. 
4863  D.  . 
Boring. 

Boring    Bars    and    Heads.      Lucien    L. 
Haas.     Description,   with   illustrations   of 
twenty  designs.     1500  w.     Mach,   N   Y — 
May,  1909.     No.  4425  C. 
Brass  Founding. 

Notes  on  Brass  Melting.  Charles  T. 
Bragg.  Discusses  the  causes  for  varia- 
tions of  composition  of  an  alloy  while  in 
the  furnace,  and  the  rraking  of  alloys  of 
standard  composition.  3000  w.  Am  Brass 
Found  Assn — May  18,  1909.     No.  5 112  N. 

The  Manufacture  of  Red  Brass  Ingot ; 
Its  Uses  and  Advantages.  W.  M.  Corse. 
An  account  of  the  manufacture  of  high- 
grade  ingot  brass.  2500  w.  Am  Brass 
Found  Assn — May  18,  1909.     No.  5 114  N. 

The  Production  of  the  "Barbedienne" 
or  Dark  Brown  Finish  on  Metals.  Ex- 
plains how  to  produce  this  finish.  1000  w. 
Brass  Wld — May,  1909.    No.  4748. 

See  also  Cost  Systems,  under  INDUS- 
TRIAL ECONOMY. 
Castings. 

The  Practical  Value  of  Chemical  Stan- 
dards for  Iron  Castings.  John  Jermain 
Porter.  Discusses  the  importance  of 
chemical  composition.  2000  w.  Am  Found 
Assn — May  18,  1909.     No.  5125  N. 

The  Practical  Value  of  Chemical  Stan- 
dards for  Iron  Castings.  John  J.  Porter, 
Read  at  meeting  of  Am.  Found.  Assn. 
Suggests  investigations  that  would  be  of 
benefit  to  the  foundry  industry.  2200  w. 
Ir  Trd  Rev — May  20,  1909.     No.  4796. 

Open-Hearth  Methods  for  Steel  Cast- 
ings. W.  M.  Carr.  With  remarks  on  the 
small  open-hearth  furnace.  Ills.  2200  w. 
Am  Found  Assn — May  18,  1909.  No. 
5123  N. 

Casting  Internal  Screw  Threads.  Wal- 
ter J.  May,  Suggestions  for  such  work. 
Ills.  600  w.  Prac  Engr — May  14,  1909. 
No.  4949  A. 

Molding  and  Casting  90-Ton  Frames, 
Illustrated  description  of  method  of  mak- 
ing large  engine  beds  for  gas  engines. 
2200  w.     Foundry — May,  1909.     No.  4496. 

Casting  Steam  Engine  Cylinders.  N. 
W.  Shed.  Methods  of  moulding  and  cast- 
ing various  types  of  cylinders  are  illus- 
trated and  described.  2200  w.  Foundry — 
May,  1909.     No.  4499. 

See    also    Converters,    under    Machine 
Works  and  Foundries, 
Cleaning. 

Researches  on  the  Cleaning  of  Metals 
(Neuere  Untersuchungen  iiber  das  Bei- 
zen).  Julius  Griinwald.  Results  of  ex- 
tended   investigations    on    metal-cleaning 


baths  of  various  compositions.     Ills.     3800 
w.     Stahl  u   Eisen — April    14,    1909.     No. 
4855  D. 
Converters. 

The  Side-Blow  Converter  for  Steel 
Castings,  and  Its  Operation.  J.  S.  White- 
house,  Reviews  the  difficulties  of  this 
process,  explaining  the  causes  of  fail-- 
ures.  1200  w.  Am  Found  Assn — May  18, 
1909.  No,  5116  N. 
Cores. 

Cores  and  Core  Making.  F.  R.  Cheney. 
Discusses  core  binders  and  making  cores. 
1500  w.  Am  Found  Assn — May  18,  1909. 
No.  5126  N. 

Brass  Valve  Core  Shop  Practice.  Illus- 
trated   description    of    highly    specialized 
moulding  methods.     2000  w.     Foundry — 
May,   1909,     No.  4501. 
Cupala  Practice. 

Modern  Cupola  Practice.  John  C. 
Knoeppel.  Suggestions  for  the  manage- 
ment of  the  cupola.  2.S00  w.  Am  Found 
Assn — May  18,  1909.     No.  5117  N. 

Continuous  Melting.  Richard  H.  Prob- 
ert.  Explains  the  advantages  of  the  con- 
tinuous melting  process.  2000  w.  Am 
Found  Assn — May  18,  1909.     No,  5121  N, 

Continuous  Melting  in  the  Foundry 
Cupola.  Richard  H.  Probert',  Read  be- 
fore the  Am.  Found.  Assn.  Describes 
cupola  details  and  methods  used.  2000  w. 
Ir  Age — May  20,  1909.  No.  4766. 
Drilling. 

Countersunk  Drilling  and  Riveting.     T.    ^j 
Leonard     Bott.       Illustrates     designs     of    "' 
gages  and  tools  which  seem  to  have  over- 
come the  difficulties  of  this  class  of  work. 
1200  w.     Alech  Wld — May  14,  1909.     No. 
4952  A. 
Forging  Hammers. 

A  New  Forging-Hammer  and  Oil  Fur- 
nace.    Illustrated    description    of    designs 
by  E.  S.  Brett.     1500  w,    Engng — May  14, 
1909.     No.  4960  A, 
Foundries. 

Modern  Alalleable  Iron  Foundry  Prac- 
tice (Moderne  Tempergiesserei).  E. 
Schoemann.  Describes  a  model  foundry 
in  Delstern,  Germany,  Ills.  2300  w.  Stahl 
u  Eisen — April  21,  1909.  No.  4858  D. 
Foundry  Accidents. 

Report  of  the  Committee  on  Prevention 
of  Accidents  in  Foundries.  A  discussion 
of  injuries  and  their  remedies.  Ills.  3000 
w.  Am  Found  Assn — May  18,  1909.  No. 
5115  N, 
Foundry  Materials. 

Standardizing  Foundry  Facings.  H.  F. 
Frohman.  Suggestions  for  the  more  com- 
mon varieties  of  foundry  facings  in  use, 
1200  w.  Am  Found  Assn — May  18,  1909. 
No.  5119  N. 

The  Use  of  Steel  Scrap  in  the  Cupoal. 
C.  R.  McGahey.  Hints  of  use  to  the  foun- 
dry man,  1200  w.  Am  Found  Assn — 
May  18,  1909.     No.  5120  N, 
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Foundry  Practice. 

Poetry  and  Prose  in  Foundr^''  Work 
(Pocsic  unci  Prosa  aus  dcr  Gicsserci). 
J.  Leber.  Describes  principally  the  meth- 
ods used  in  producing  large  castings.  Ills. 
2800  w.  Stahl  u  Eisen — April  28,  1909. 
No.  4860  D. 

Sec    also    Pyromctry,    under    Measure- 
ment. 
Furnaces. 

The  Use  of  Pulverized  Coal  for  Foun- 
dry Purposes.  Richard  K.  Meade.  Pre- 
sents the  advantages  of  this  fuel.  2000  w. 
Am  Found  Assn — May  18,  1909.  No. 
5122  N. 

A  New  Electrical  Hardening  Furnace. 
Abstract  of  a  paper  by  E.  Sabcrsky  and 
E.  Adler,  read  before  the  Faraday  Soc. 
Illustrated  description  of  a  new  furnace 
heated  by  electricity  and  intended  mainly 
for  hardening  steels.  2500  w.  Mech 
Engr — May  14,  1909.    No.  4951  A. 

Electric  Hardening  Furnaces.  Abstract 
of  paper  by  Messrs.  E.  Sabersky  and  E. 
Adler,  before  the  Faraday  Soc,  and  of 
the  discussion.  Deals  with  details  of  the 
hardening  furnace  with  electrically  heated 
salt  bath.  2500  w.  Elec  Chem  &  Met 
Ind — May,  1909.     No.  4507  C. 

Notes  on  Air  Furnace  Construction  for 
Malleable  Castings.  W.  H.  Kane.  Gives 
recommendations  relating  to  this  furnace. 
Ills.  1000  w.  Am  Found  Assn — May  18, 
1909.    No.  5124  N. 

New  Hardening  Furnaces  (Neues  uber 
Harteofen).  H.  Haedicke.  Brief  descrip- 
tions of  furnaces  of  various  types.  Ills. 
Serial,  ist  part.  2000  w.  Stahl  u  Eisen — 
April  28,   1909.     No.  4861   D. 

See   also   Castings,   and   Forging   Ham- 
mers, under  Machine  Works  and  Foun- 
dries. 
Grinding  Machines. 

The    Brown    &    Sharpe    No.    12    Plain 

Grinder.     Illustrated  description  of  a  new 

size   having   a   number   of   improvements. 

1200  w.    Ir  Age — May  27,  1909.    No.  5009. 

Lathes. 

Large  Turbine  Rotor  Lathe.  Illus- 
trated description  of  a  lathe  capable  of 
swinging  rotors  with  their  blades  up  to 
17  ft.  diameter,  and  which  will  admit 
work  up  to  55  ft.  in  length.  600  w.  Engr, 
Lond — May  14,  1909.     No.  4969  A. 

Circular    Dividing   Attachment    for    the 
Bench    Lathe.      Walter    Gribben.      Illus- 
trated description.     2500  w.     Am  Mach — 
Vol.  32.     No.   19.     No.  4634. 
Molding. 

The  Use  of  Artificial  Graphite  in  Mak- 
ing Permanent  Molds.  Illustrates  and 
describes  method  of  making  the  molds, 
and  castings  produced.  1500  w.  Brass 
Wld— May,  1909.    No.  4747. 

IMolding  Eighty-Ton  Engine  Frames. 
Illustrates  and  describes  an  example  of 
pit  molding.  1200  w.  Foundry — May, 
1909.    No.  4500. 


Permanent  Molds  for  Iron  Castings. 
Edgar  A.  Custer.  An  illustrated  summary 
of  results  of  recent  practice.  5500  w.  Ir 
Age — Alay  20,  1909.     No.  4767. 

Making  a  Large  Combination  Mold. 
Jabez  Nail.  Illustrates  and  describes  an 
example  of  core  molding  combined  with 
green  sand  and  skin  dried  work.  2500  w. 
Foundry — May,   1909.     No.  4498. 

See    also    Castings,    Cores,    and    Foun- 
dry   Materials,    under    Machine    Works 
AND  Foundries. 
Molding  Machines. 

Machine  Molding  vs.  Hand  Molding. 
George  Muntz.  A  discussion  of  molding 
machines,  the  principles  that  should  be 
observed,  etc.  2500  w.  Am  Found  Assn 
—May  18,  1909.     No.  5 1 18  N. 

See     also     Patterns,     under     Machine 
Works  and  Foundries. 
Patterns. 

Patterns  for  Molding  Machines.  S. 
Jones  Parsons.  Gives  examples  of  work 
that  can  be  done  on  a  plain  molding  ma- 
chine. Ills.  600  w.  Mech  Wld — May  7, 
1909.  Serial,  ist  part.  No.  4662  A. 
Pattern  Shops. 

The  Modern  Pattern  Shop  Layout.     A. 
N.    Spencer.      Detailed    discussion   of   the 
equipment     and     arrangement.       3500    w. 
Foundry — May,   1909.     No.  4497. 
Presses. 

The  Operation  of  Friction  Presses 
(Der  Arbeitsgang  von  Friktionspressen). 
Oskar  Kron.  Describes  the  construction 
and  operation  of  various  types.  Ills. 
Serial,  ist  part.  2800  w.  Zeitschr  f 
Werkzeug — April   5,    1909.     No.   5059   D. 

Press  Tools. 

Cutting  and  Piercing  Punch  and  Die. 
Henry  Percival.  Dravyings  and  descrip- 
tion of  a  punch  and  die  for  cutting  and 
piercing  mild  steel  blanks.  1500  w.  Am 
Mach— Vol.  32.  No.  20.  No.  4773. 
Rivetting. 

See    Drilling,   under    Machine   Works 
and  Foundries. 
Shapets. 

Comparative  Tests  of  Two  Shapers. 
Henry  P.  Noble.  Tests  to  determine  the 
relative  wear,  accuracy  of  work,  deflec- 
tion, and  power  consumed.  Ills.  2000  w. 
Am  Mach— Vol.  32.  No.  18.  No.  4517. 
Shop  Appliances. 

Proper  Designing  of  Milling  and  Drill- 
ing Fixtures  and  Jigs.  R.  B.  Little.  Gives 
a  catechism  of  things  to  be  considered 
before  designing.  1500  w.  Mach,  N  Y — 
May,  1909.     No.  4427  C. 

Special  Automobile  Factory  Tools  and 
Devices.     Ethan    Viall.     Illustrates    tools 
used  in  a  Buffalo  shop.     2000  w.     Mach, 
N  Y — May,  1909.     No.  4426  C. 
Shop  Heating. 

Heating  Plant  of  the  German  Aiier 
Light  Company,  Berlin  (Die  Heizungsan- 
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lage  im  Fabrikgebaude  der  deutschen 
Gasgliihlicht  -  Aktiengesellschaft,  Berlin) . 
Karl  Brabee.  A  discussion  of  high-pres- 
sure, live-steam  heating.  Ills.  6000  w. 
Gesundheits-Ing — April  3,  1909.  No. 
4884  D. 
Shop  Hygiene. 

The  Separation  of  Dust  from  Air  (Die 
Trennung  von  Staub  und  Luft  in  x\i)saug- 
an  lagen).  Ewald  Mees.  Describes  var- 
ious apparatus  for  separating  dust  from 
aid  in  industrial  plants.  Ills.  2700  w. 
Zeitschr  d  Ver  Deutscher  Ing — April  17, 
1909.  No.  5073  D. 
Shop  Lighting. 

See  Incandescent  Lamps,  under  ELEC- 
TRICAL ENGINEERING,  Lighting. 
Shop  Practice. 

Interesting  Methods  in  the  Thomas 
Shop.  Illustrates  and  describes  methods 
of  setting  and  boring  cylinders,  fixtures 
for  crank  cases,  cam  shafts,  Gisholt  lathes 
and  grinders,  and  a  device  for  testing 
springs.  2000  w.  Am  Mach — Vol.  32. 
No.  20.     No.  4772. 

See   also   Gages,   under   Measurement. 
Tempering. 

High-Speed  Steel :  A  Suggested 
Theory.  Abstract  of  a  lecture  by  H.  C. 
H.  Carpenter  on  a  theory  of  hardening 
high-speed  tool  steel.  2500  w.  Ir  &  Coal 
Trds  Rev — May  7,  1909.     No.  4733  A. 

The  Manufacture  of  High-Speed  Steel. 
O.  M.  Becker.  An  illustrated  discussion 
of  the  barium-chloride  hardening  process. 
3000  w.  Cassier's  Mag — May,  1909.  No. 
4401  B. 
Welding. 

Electric  Welding.  V.  D.  Green.  Ab- 
stract of  a  paper  read  before  the  Birming- 
ham &  District  Elec.  Club.  Briefly  out- 
lines the  systems  of  electric  welding  in 
use,  particularly  describing  the  system  in- 
vented by  Elihu  Thomson.  1800  w. 
Elect'n,  Lond.    May  7,  1909.    No.  4718  A. 

Autogenous  Welding  by  the  Oxy- 
Acetylene  Process.  I.  F.  Willis.  Brief 
explanation  of  this  process  and  its  appli- 
cations. 1800  w.  Pro  St  Louis  Ry  Club 
— April  9,  1909.     No.  4544. 

Aluminum  Welding,  M.  U.  Schoop. 
Deals  with  the  applications  of  autogenous 
welding  and  with  types  of  burners  espec- 
ially suitable  for  welding  aluminum.  Ills. 
1700  w.  Elec-Chem  &  Met  Ind.  May, 
1909.     No.   4505   C. 

Thermit  Welding.  Douglas  Waterman. 
A  report  of  its  successful  application  in 
the  repair  of  cracked  and  broken  buckets, 
gear-wheels,  and  other  heavy  castings. 
Ills.  1200  w.  Min  &  Sci  Pr — May  22, 
1909.  No.  50 II. 
Wood-Woiking  Machines. 

A  New  Mechanical  Wood.vprker.  Il- 
lustrated detailed  description  of  the  ma- 
chine and  its  operation.  6500  w.  Am 
Mach— Vol.  32.    No.  19.    No.  4633. 


MATERIALS  OF  CONSTRUCTION. 

Alloys. 

The  Plastic-Bronze  Patent  Situation. 
G.  H.  Clamer.  An  account  of  the  suit 
against  the  Brady  Brass  Co.,  and  Judge 
Archbold's  decision ;  the  appeal  and 
Judge  Grays  decision.  2500  w.  Brass 
Wld — May,  1909.  No.  4749. 
Alloy  Steels. 

Alloy  Steels  for  Motor-Car  Construc- 
tion. John  A.  Matthews.  Considers  cer- 
tain economic  features  in  connection  with 
the  manufacture,  purchase,  use,  and 
treatment  of  alloy  steels.  6500  w.  Jour 
Fr  Inst — May,  1909.     No.  4763  D. 

Manganese  Steel.  W.  S.  Potter.  Con- 
siders its  physical  properties,  heat  treat- 
ment, rolling,  testing,  etc.  General  dis- 
cussion. Ills.  9500  w.  Jour  W  Soc  of 
Engrs — April,  1909.     No.  4788  D. 

Nickel  Steel  Spoiled  by  Forging  at  Too 
High  a  Temperature  (Durch  zu  hohe 
Schmiedehitze  verdorbenes  Nickelfluss- 
eisen).  E.  Heyn  and  O.  Bauer.  Results 
of  investigations  of  its  properties.  Ills. 
1500  w.  Stahl  u  Eisen — April  28,  1909. 
No.  4862  D. 
Metallography. 

Polishing  Metals  for  Examination  With 
the  Microscope.  Albert  Kingsbury.  De- 
scribes the  method  finally  adopted  by  the 
author.  1500  w.  Jour  Am  Soc  of  Mech 
Engrs — May,   1909.     No.  /1409  F, 

The  Metallography  of  Tempered  Steels 
(Remarques  au  Sujet  des  Memoires  de 
M.  Kourbatoff  et  de  M.  Maurer  sur  la 
Metallographie  des  Aciers  trempes).  Carl 
Benedicks.  A  discussion  of  papers  by 
MM.  Kourbatoff  and  Maurer.  3500  w. 
Rev  de  Metal— April,  1909.  No.  4821 
E  -f  F, 

Researches  on  the  Alloys  of  Iron  and 
Sulphur  (Recherches  sur  les  Alliages  du 
Fer  avec  le  Soufre).  M,  Ziegler.  An 
exhaustive  metallographie  and  chemical 
study.  Ills.  13500  w.  Rev  de  Mecan — 
April,  1909.  No.  4820  E  +  F, 
Steel. 

The  Present  Value  of  Electrical  Struc- 
tural Steel.  Henry  D.  Hibbard.  Read  be- 
fore the  Am.  Elec-Chem.  Soc.  Compares 
electric  steel  with  steel  made  by  the  Bes- 
semer and  open  hearth  processes.  2000 
w.    Ir  Trd  Rev — May  13,  1909.    No.  4643. 

The  Influence  of  Heat  Treatment  on  the 
Linear  Deformations  of  Steels  (Influence 
du  Trai*ement  thermique  sur  les  Deform- 
ations lineaires  des  Aciers),  M.  Demozay. 
Results  of  extended  tests  on  steels  of 
various  compositions.  Ills.  10500  w.  Rev 
de  Metal— April,  1909.  No.  4818  E  +  F. 
Tool  Steels. 

A  Tool-Steel  Testing  Machine  and  Re- 
sults. Edward  G.  Herbert.  Illustration, 
with  description  of  the  principle  and  con- 
struction of  the  machine  and  report  of 
results.  7500  w.  Am  Mach— Vol  32.  No. 
20.    No.  4774. 
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MEASUREMENT. 
Dynamometers. 

A  New  Transmission  Dynamometer. 
William  H.  Kcnerson.  Illustrated  de- 
scription of  the  design  and  construction 
of  the  instrument  and  its  method  of  appli- 
cation and  use.  1500  w.  Jour  Am  Soc  of 
Mech  Engrs — May,  1909.     No.  4410  F. 

Power  Measurements  (La  Mesure  des 
Puissances),  J.  Izart.  The  first  part  dis- 
cusses methods  of  measuring  power 
transmitted  by  belts,  ropes,  gearing,  etc. 
Ills.  Serial,  ist  part.  3500  w.  Elecn — 
April  24,  1909.  No.  4826  D. 
Gages. 

Thomas  Gages  and  Gaging  Methods. 
Illustrates  and  describes  devices  used  for 
accurate  work  on  the  Thomas  car.  2000 
w.  Am  Mach — Vol.  32.  No.  21.  No. 
5013. 
Impact. 

Some  Experiments  on  Impact.  J,  E. 
Sears,  Jun.  Explains  the  theory  and 
methods  used,  and  describes  experiments 
to  determine  the  required  relationships 
for  stresses.  3000  w.  Engng — April  30, 
1909.  Serial,  ist  part.  No.  4622  A. 
Pyrometry. 

Temperature  Determination  and  Con- 
trol for  High-Speed  Steel  Treatment.  O. 
M.  Becker.  This  second  article  of  a 
series  discusses  the  principles  and  uses  of 
pyrometers  of  the  optical  and  radiation 
types,  and  recording  apparatus.  Ills.  2500 
w.  Engineering  Magazine — June,  1909. 
No.  4986  B. 

The  Use  and  Application  of  Pyrometers 
in  Foundry  Work.  Charles  E.  Foster. 
Considers  types  and  their  use.  Ills.  3000 
w.     Foundry — May,  1909.     No.  4502. 

The  Fery  Spiral  Pyrometer.    Illustrated 
description.      1200    w,      Engng — May    14, 
1909.     No.  4963  A. 
Testing  Machines. 

See  Tool  Steels,  under  Materials  of 
Construction. 

POWER  AND  TRANSMISSION. 
Air  Compressors. 

Hoerbiger-Rogler  Compressors  and 
Blowers.  Illustrated  description  of  an 
electrically-driven  air-compressor,  and  a 
blowing  engine  equipped  with  these  valves. 
800  w.  Engng — May  7,  1909.     No.  4726  A. 

Electrically  Driven  Air  Compressors 
(Elektrisch  angetriebene  Kompressoren). 
J.  Havlicek.  A  theoretical  discussion  of 
their  operation,  governing,  etc.  Ills.  5000 
w.  Zeitschr  d  Ver  Deutscher  Ing — April 
10,  1909.  No.  5071  D. 
Belt  Driving. 

Belt  Driving  and  Gehrckens'  Theory 
(Das  Riemengetriebe  und  die  Gehrckens- 
sche  Theorie).  Ludwig  Benjamin.  A 
theoretical  consideration  of  belt  driving 
problems.  Ills.  7500  w.  Zeitschr  d  Ver 
Deutscher  Ing — April  24,  1909.  No. 
5078  D. 


Belting. 

Leather  Belting.  Information  helpful  in 
the  selection  of  good  belting.  Ills.  1500 
w.  Am  Engr  &  R  R  Jour — May,  1909. 
No.  4423  C. 

German  Steel  Belts  for  Transmitting 
Power.  H.  Prime  Kieffer.  Illustrated  de- 
scription of  the  Eloesser  steel  belt,  es- 
pecially the  method  of  locking  the  ends 
of  the  belt.  1400  w.  Ir  Age — May  20, 
1909.  No.  4768. 
Costs. 

See    same    title,   under   ELECTRICAL 
ENGINEERING,  Generating  Stations. 
Electric  Driving. 

Mechanical  Considerations  in  the  Ap- 
plication of  Electric  Motors  to  Industrial 
Machinery.  C.  B.  Mills.  Discusses  belt, 
rope,  and  chain  connections.  2000  w. 
Elec  Jour — May,   1909.     No.  4546. 

Discussion  on  "The  Industrial  Appli- 
cation of  the  Electric  Motor,"  New  York, 
March  12,  1909.  Discussion  on  B.  R. 
Shover's  paper.  5800  w.  Pro  Am  Inst 
of  Elec  Engrs — May,  1909.     No.  4996  F. 

Electric  Motors  in  Steel  Mills.  Com- 
ments of  electrical  engineers  on  the  un- 
usual problems  worked  out  at  Gary,  Ind. 
4000  w.    Ir  Age — May  20,  1909.    No.  4765. 

The  Electrification  of  Steam-Driven 
Non-Reversing  Rolling  Mills.  W.  F.  My- 
lan.  Read  before  the  Leeds  Sec.  of  the 
Inst,  of  Elec.  Engrs.  Considers  important 
features  to  bear  in  mind,  giving  particu- 
lars of  actual  installations.  6000  w.  Elec 
Engr,  Lond — May  7,   1909.     No.  4714  A. 

Electric  Drive  for  Rolling  Mills  (Ueber 
elektrische  Walzenstrassenantriebe).  V. 
Graubner.  A  discussion  of  its  economy. 
Ills.  Serial,  ist  part.  3200  w.  Elektro- 
tech  u  Maschinenban — April  25,  1909. 
No.  5069  D. 

Electric  Driving  in  the  Textile  Indus- 
tries (La  Commande  electrique  des  Me- 
tiers en  Filature).  D.  de  Prat.  Reviews 
the  advatanges  of  the  electric  drive  and 
the  extent  of  its  use  in  the  textile  indus- 
tries. Ills.  2500  w.  Genie  Civil — April  3, 
1909.     No.  4835  D. 

See  also  A.   C.   IMot'ors.  under  ELEC- 
TRICAL    ENGINEERING,     Dynamos 
and  Motors. 
Gearing. 

See    Journal    Loads,    under    Machine 
Elements  and  Design. 
Mechanical  Plants. 

Mechanical  Plant  of  the  Keyser  Build- 
ing,  Baltimore.     Plan  and   description   of 
unusual  features  to  meet  conditions.     2000 
w.    Eng  Rec — ^lay  22,  1909.    No.  4926. 
Power  Plants. 

Mechanical  Equipment  of  the  Plaza  Ho- 
tel. Warren  O.  Rogers.  Illustrated  de- 
scription of  the  power  plant  of  New 
York's  finest  hotel.  3000  w.  Power — 
May   18,   1909.  No.  4738. 

Power  Plant  of  the  Cleveland  Arcade. 
H.   W.   Woodward.     Illustrates   and   dC' 
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scribes  the  method  of  solving  a  difficult 
problem  in  power  plant  design.  3500  w. 
Ind  Engng — May,  1909.     No.  4785  C. 

The  Power  Plant  of  the  A.  E.  G.  Tur- 
bine Works  at  Berlin  (Das  Kraftwerk  der 
A.  E.  G-Turbinenfabrik  in  Berlin).  0» 
Lasche.  Illustrated  description  of  a  plant 
in  which  the  prime  movers  are  turbines 
undergoing  tests  before  delivery  tt)  pur- 
chasers. Serial,  ist  part.  2800  w. 
Zeitschr  d  Ver  Deutscher  Ing — April  24, 
1909.  No.  5077  D. 
Solar  Energy. 

Power  from  the  Sun's  Heat.  Illustrates 
and  describes  what  has  been  accomplished 
by  Frank  Shunan  at  Philadelphia.  3500  w. 
Eng  News — May  13,  1909.     No.  4644. 

Experiments  in  the  Development  of 
Power  from  the  Sun's  Heat.  H.  E.  Will- 
sie.  An  outline  of  work  in  the  effort  to 
make  sun  power  commercially  possible. 
Also  editorial.  Ills.  6500  w.  Eng  News — 
May  13,  1909.  No.  4645. 
Turbo-Compressors. 

Turbine  Blowers  (Ueber  Turbogeblase.) 
H.  Naville.  Reviews  their  development, 
theory,  construction  and  operation,  and 
describes  installations.  Ills.  3100  w.  Stahl 
u  Eisen — April  7,  1909.     No.  4801  D. 

Turbine  Blowers  (Ueber  Turbogeblase). 
A.  Dahme.  A  review  of  their  theory  and 
development.  Ills.  1400  w.  Zeitschr  f  d 
Gesamte  Turbinenwesen — April  20,  1909. 
No.  4800  D. 

High-Pressure  Turbo-Compressors  and 
the  Utilization  of  Exhaust  Steam  (Turbo- 
Compresseurs  a  haute  Pression  et  Utilisa- 
tion des  Vapeurs  d'Echappement).  A. 
Rateau.  Abstracted  from  the  Revue  Uni- 
vcrselle  des  Mines.  Ills.  6500  w.  All 
Indus — April,  1909.    No.  4827  D. 

Speed  Regulation  of  Electrically  Driven 
Turbo-Blowers  (Die  Regelung  der  Um- 
drehungszahl  elektrisch  angetriebener 
Turbogeblase).  Herr  Scherbius.  A  de- 
scription of  a  special  Brown,  Boveri  & 
Co.  three-phase  motor.  1800  w.  Stahl  u 
Eisen — April  14,  1909.  No.  4856  D. 
STEAM  ENGINEERING. 
Boiler  Management. 

Efficiencies  of  Combustion  Processes 
Compared.  Theodore  J.  Vollkommer. 
Gives  facts  that  assist  in  comparing  the 
merits  of  the  different  processes,  and  the 
general  conclusions  reached.  3500  w.  Ir 
Age — May  6,  1909.     No.  4512. 

Increasing  the  CO2  Content  of  Flue 
Gases.  A.  J.  Boardman.  Reports  an  in- 
vestigation of  combustion  conditions  un- 
der ten  boilers  using  bituminous  slack. 
1500  w.  Power — May  18,  1909.  No.  4739. 
Boiler  Waters. 

The  Technical  Examination  of  Boiler 
Waters.  A  paper  by  W.  A  Hargreavcs 
read  before  the  Australasian  Assn.  for  the 
Adv.  of  Science,  with  letters  discussing 
statements  made.  3000  w.  Eng  News — 
May  20,  1909.    No.  4780. 


Condensers. 

Evaporative  Condenser  at  Southend.  Il- 
lustrated description  of  a  very  large  plant 
embodying  the  latest  improvements.  1500 
w.  Engr,  Lond — April  22,,  1909.  No. 
4468  A 

The  Leblanc  Ejector  Condenser.  Illus- 
trated description  of  the  rotary  air-pump 
and  condenser  invented  by  Maurice  Le- 
blanc. 700  w.  Engng — May  7,  1909.  No. 
4725  A. 

The    Design    of    Suction    and    Delivery 
Pipes   for  Condensing  Plants.      Discusses 
point's  in  the  design.     3500  w.     Elec  Rev, 
Lond — April  22,,  1909.    No.  4448  A. 
Condensing  Plants. 

Pumps  and  Turbines  for  Condensing 
Plants.  Illustrated  description  of  plants 
where  the  water  used  for  condensing  is 
made  to  perform  useful  work.  700  w. 
Engr,  Lond — May  14,  1909.  No.  4971  A. 
Economizers. 

A  Suggestion  for  Overloaded  Boiler 
Plants.  Carl  S.  Dow.  An  illustrated  ex- 
planation of  the  value  of  an  economizer. 
2500  w.  Engineering  Magazine — ^June, 
1909.  No.  4989  B. 
Engine  Governing. 

Recent  Shaft  Governors  (Neuere  Flach- 
regler  mit  regelbarer  Umlaufszahl).  R. 
Proell.  Illustrated  description  and  discus- 
sion of  the  Proell  governor.  2700  w. 
Zeitschr  d  Ver  Deutscher  Ing — April  10, 
1909.  No.  5072  D. 
Engine  Pressures. 

The  Influence  of  Steam  Pressure,  Speed 
of  Rotation,  and  Number  of  Expansions 
Upon  the  Mean  Effective  Pressure  and 
Steam  Consumption  of  Steam  Engines.  R. 
Royds.  Discusses  the  best  methods  of  ex- 
perimenting in  this  field.  Diagrams.  4500 
w.  Inst  of  Engrs  &  Shipbldrs  in  Scot- 
land— April  27,  1909.  No.  4609  N. 
Engines. 

Lanz  Portable  Engines  with  Lentz 
Valves  (Industrie-Locomobilen  mit  Ven- 
tilsteurung  "System  Lentz"  der  Firma 
Heinrich  Lanz  in  Mannheim).  Fr.  Frey- 
tag.  Illustrated  description.  Serial,  ist 
part.  1300  w.  Elektrotech  Rundschau — 
April  24,  1909.  No.  5060  D. 
Flue-Gas  Analysis. 

The  "Krell"  Continuous  CO2  Recorder. 
Diagram  and  description  with  explana- 
tion of  the  method  of  operation.  1500  w. 
Elec  Engr,  Lond — May  14,  1909.  No. 
4942  A. 
Fuel  Oil. 

Calorific  Value  of  California  Fuel  Oil. 
R.  W.  Fenn.  A  tabulated  comparison  of 
crude  oils  of  different  densities,  with  re- 
lated information.  2000  w.  Eng  News — 
May  13,  1909.  No.  4647. 
Fuels. 

The  Economy  of  Fuel.  William  Kent. 
Read  at  the  Pan-American  Congress,  Dec, 
1908.     A   discussion  of  fuel  wastes,   and 
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methods  of  economically  using  coal.  5000 
w.    Ind  Engng — May,  1909.    No.  4784  C. 

I.  Results  of  Purchasing  Coal  Under 
Government  Specifications.  John  Shober 
Burrows.  II.  Burning  the  Small  Sizes  of 
Anthracite  for  Heat  and  Power  Purposes. 
Dwight  T.  Randall.  Gives  the  general 
plan  and  results.  9800  w.  U  S  Geol  Surv 
—Bui.  378.     No.    4526  N. 

See  also  Briquetting,  under  MINING 
AND  METALLURGY,  Coal  and  Coke. 

Fuel  Testing. 

Heat  Value  of  Coal  from  Dulong's  For- 
mula, Based  on  Ultimate  Analysis.  N.  A. 
Carle.  Aims  to  cover  the  determination 
of  the  probable  total  heat  of  combustion 
from  the  chemical  analysis,  and  gives  a 
chart  showing  graphically  the  heat  value 
as  calculated  by  this  formula.  800  w. 
Power — May   11,   1909.     No.  4587. 

Smoke  Prevention. 

Smoke  Prevention  or  Smoke  Consump- 
tion. Harold  V.  Goes.  This  first  of  two 
articles  discussing  smoke  prevention  in 
stationary  steam-boiler  practice,  deals  with 
the  causes  of  smoke  and  the  methods  and 
devices  which  tend  to  make  possible 
smokeless  combustion  in  hand-fired  fur- 
naces. 3500  w.  Engineering  Magazine — 
June,  1909.    No.  4988  B. 

Steam  Properties. 

Some  Properties  of  Seam.  Prof.  R.  C. 
H,  Heck.  Gives  experimental  results  as 
to  the  relation  between  pressure  and  tem- 
perature of  saturated  steam,  and  the  spe- 
cific heat  of  water.  3000  w.  Jour  Am  Soc 
of  Mech  Engrs — May,  1909.  No.  4413  F. 
The  Specific  Volume  of  Saturated 
Steam.  Prof.  C.  H.  Peabody.  Gives  a 
comparison  of  experimental  and  com- 
puted values  with  explanations.  2200  w. 
Jour  Am  Soc  of  Mech  Engrs — May,  1909. 
No.  4407  F. 

Steam  Separators. 

Some  Live  Steam  Separator  Tests.  G. 
F.  Gebhardt.  Describes  tests  made  at 
Armour  Inst,  of  Technology,  and  states 
the  conclusions  drawn.  1000  w.  Power — 
May  II,  1909.    No.  4586. 

Stoking. 

Methods  of  Firing  Cheap  Grades  of  Bi- 
tuminous Coal.  William  Kavanagh,  De- 
scribes briefly  the  six  ways  in  which  soft 
coal  can  be  fired.  1000  w.  Elec  Wld — 
May  6,  1909.    No.  5036. 

Superheating. 

A  New  Principle  in  Superheaters.  Il- 
lustrated description  of  the  "Unit  Super- 
heater," which  provides  a  system  of  ex- 
panded flows.  1200  w.  Ir  &  Coal  Trds 
Rev — April  23,  1909.    No.  4475  A. 

Superheated  Steam  (La  Vapeur  d'Eau 
surchauff'ee).  L.  Marchis.  A  review  of 
the  properties  of  superheated  steam  and 
of  the  design  and  operation  of  superheat- 
ing apparatus.  Ills.  Serial.  1st  part.  4500 
w.   Tech  Mod — April,  1909.    No.  4830  D. 


Superheating  in  Marine  Practice  (L'Ap- 
plication  de  la  Surchauffe  aux  Moteurs  de 
Navires.)  O.  H.  Wildt.  Discusses  the 
application  and  economy  ol  superheated 
steam  in  marine  engines  and  turbines,  su- 
perheaters, etc.  Ills.  4000  w.  Genie  Civil 
— April  17,  1909.  No.  4840  D. 
Turbine  Plants. 

The  Exhaust  Steam  Turbo-Generator 
Plant  at  the  Zollverein  Mine  (Die  Ab- 
dampf-Turbogeneratoranlage  auf  Zeche 
Zollverein.,  Schacht  4/5).  Describes  a 
900-kw.  installation  and  discusses  its 
economy.  Ills.  2000  w.  Zeitschr  f  d 
Gesamte  Turbinenwesen — April  10,  1909. 
No.  4881  D. 
Turbines. 

Small  Steam  Turbines.  George  A.  Or^ 
rok.  Treats  of  the  smaller  sizes  from  the 
standpoint  of  the  designing  and  operating 
engineer,  describing  the  commercial  ma- 
chines and  giving  facts  concerning  their 
operation.  2000  \^^  Jour  Am  Soc  of  Mech 
Engrs— May,  1909.    No.  4411  F. 

Small  Steam  Turbines  (Les  petites  Tur- 
bines a  Vapeur).  Jules  Vinsonneau.  Re- 
fers particularly  to  the  uses  of,  and  results 
obtained  with,  the  Brien  turbine  Ills.  3500 
w.  Rev  Indus — April  10,  1909.  No.  4828  D. 

The  Bergmann  Steam  Turbine  (Die 
Bergmann-Dampfturbine).  Philipp  Renter. 
Illustrated  detailed  description.  Serial. 
1st  part.  1800  w.  Die  Turbine — April  20, 
1909.  No.  4880  D. 
Turbine  Tests. 

Steam  Consumption  Tests  of  a  500-kw. 
Turbo-Generator  Set.  A.  C.  Scott.  A 
report  of  tests  and  results.  Ills.  1200  w. 
Elec  Wld— May  6,  1909.     No.  5033. 

See   also   Power    Plants,   under    Power 
AND  Transmission. 
Valve  Gears. 

Reversing  Valve  Gears  in  General  Use. 
Simpson  Rice.  An  illustrated  review  of  the 
types  which  have  stood  the  test  of  continu- 
ous or  intermittent  operation,  and  a  study 
of  their  characteristics.  4500  w.  Power — 
May  II,  1909.     No.  4584. 

TRANSPORTING  AND  CONVEYING. 

Automatic  Feeders. 

Automatic  Feeders  for  Handling  Mate- 
rial in  Bulk.  C.  Kemble  Baldwin.  Illus- 
trated description  of  the  various  types  now 
in  use.  1600  w.  Jour  Am  Soc  of  Mech 
Engrs — May,  1909.    No.  4408  F. 

Cableways. 

The  Electric  Aerial  Mono-Rail  Up  the 
Wetterhorn.  Illustrated  detailed  descrip- 
tion of  an  aerial  railway  in  Switzerland, 
operated  on  the  "compensating'  system, 
and  taking  passengers  to  a  height  of  some 
5250  feet  above  sea  level.  1500  w.  Sci 
Am— May  8,  1909.    No.  4540. 

Conveyors. 

A  Unique  Belt  Conveyor.  E.  C.  Soper. 
Description  of  ri  belt  conveyor  a  quarter 
of  a  mile  long,  requiring  more  power  to 
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operate  empty  than  loaded.  Line  drawings 
and  illustrations.  looo  w.  Jour  Am  Soc 
of  Mech  Engrs— May,  1909.     No.  4415  F. 

Cranes. 

Notes  on  Shafting  for  Cranes.  E.  G. 
Fiegehen.  An  illustrated  discussion  of  de- 
tails in  the  design  of  a  shaft  for  a  given 
service.  2000  w.  Mech  Wld — April  30, 
1909.    Serial,    ist  part'.    No.  4608  A.    ' 

Tower  Cranes  and  Transporters.  Illus- 
trated description  of  electrically-driven 
cranes  for  a  large  shipbuilding  firm  in 
Holland.  700  vv.  Engr,  Lond — April  23, 
1909.     No.  4471  A. 

Elevators. 

The  Traction  Elevators  in  the  Singer 
Building,  New  York.  Illustrated  detailed 
description  of  the  operating  principle  of 
the  high-rise  machines  for  this  building 
which  exceeds  600  ft.  in  height.  4000  w. 
Eng  Rec — May  i,  1909.     No.  4395. 

Power  Requirements  of  Hydraulic  and 
Electric  Elevators  (Arbeitsverbrauch  eines 
hydraulisch  und  eines  elektrisch  betrie- 
benen  Personenaufzuges.)  Herr  Miihl- 
mann.  The  results  of  comparative  tests 
are  given.  Ills.  Serial,  ist  part.  2500  w. 
Elek  Kraft  u  Bahnen — March  4,  1909.  No. 
4804  D. 

Ore  Handling. 

See  Ore  Bins,  under  MINING  AND 
METALLURGY,  Mining. 

MISCELLANY. 
Aeronautics. 

Aviation  (Aviation),  Gerard  Lavergne. 
The  first  article  gives  a  review  of  early 
attempts  to  build  flying  machines.  Serial. 
1st  part.  1500  w.  Rev  Indus — April  17, 
1909.     No.  4829  D. 

Aeroplane  Problems.  Herbert  Chatley. 
The  present'  number  discusses  difficult 
problems  in  construction.  3000  w.  Sci  Am 
Sup — May  22,  1909.    Serial,    ist  part.    No. 

4905. 

Gyroscopic  Balancing  of  Aeroplanes. 
Lucien  Fournier.  Suggested  methods  of 
maintaining  equilibrium  are  illustrated  and 
described.  1400  w.  Sci  Am  Sup — May  15, 
1909.     No.  4640. 


Recent  Successful  French  Monoplanes. 
Illustrated  descriptions  of  the  "Antoinette 
V,  the  "No.  XI"  Bleriot,  and  the  small 
monoplane  of  Santos  Dumont.  1000  w. 
Sci  Am — May  8,  1909.     No.  4539. 

Electricity  and  Aeronautics  (La  Electri- 
cidad  y  la  Aeronautica).  Eduardo  Mier, 
A  discussion  of  the  possibility  of  applying 
storage  batteries  and  electric  motors  to  the 
propulsion  of  air-ships.  Serial,  ist  part. 
2200  w.  Energia  Elec — April  10,  1909. 
No.  4852  D. 

Agricultural  Machinery. 

The  Repair  of  Farm  Equipment.  W.  R. 
Beattie.  Illustrates  and  describes  useful 
tools  for  the  farmer.  6000  w.  Sci  Am  Sup 
— May  29,  1909.  Serial,  ist  part.  No.  5027. 

Guns. 

Field  Guns  for  Destroying  Dirigibles. 
Illustrates  and  describes  recent  German 
artillery  and  shells  specially  designed  for 
bringing  down  military  airships.  2500  w. 
Sci  Am  Sup — May  29,  1909.     No.  5028. 

The  Design  of  Weapons  for  Attacking 
Airships.  Considers  the  requirements  of 
such  weapons,  principally  discussing  at- 
tacks on  dirigible  balloons.  2500  w.  Engr, 
Lond — May  14^  1909.     No.  4970  A. 

English  Practice. 

Recent    Developments    in    Engineering 

Practice  in  England.    J.  F.  B.  Vandeleur. 

Read    before    the    Engrs'    Club,    Toronto. 

A  review  of  recent  developments  in  civil, 

mechanical,     and     electrical     engineering. 

3500  w.     Can  Engr — April  30,  1909.     No. 

4379- 
Minting  Machinery. 

The     Manufacture     of     United     States 

Money.    Illustrates  and  describes  methods 

and   appliances   used   in   the    Philadelphia 

mint.    3000  w.    Am  Mach — Vol.  32.     No. 

21.     No.  5014. 

Scientific  Follies. 

Famous  Follies  of  Science.  John  Hays 
Hammond,  Jr.  Discusses  the  efforts  at 
circle  squaring,  schemes  for  perpetual  mo- 
tion, etc.  3000  w.  Yale  Sci  M — May,  1909. 
Serial.    1st  part.    No.  4751  C. 


MINING  AND  METALLURGY. 


COAL  AND  COKE. 

Accidents. 

First-Aid  Movement  in  the  Anthracite 
Region  of  Pennsylvania.  H.  H.  Stock.  Il- 
lustrated description  of  the  efficient  first 
aid  systems  installed  and  the  course  of  in- 
struction given,  3000  w.  Engineering 
Magazine — June,  1909.    No.  4983  B. 

The  Use  of  Oxygen  in  Mining  Acci- 
dents. Dr.  James  Robertson.  Shows  the 
value  of  oxygen  in  pit  rescues.  1700  w. 
Col  Guard — April  30,  1909.     No.  4614  A. 


Analysis. 

The  Analysis  of  Coal.  Lionel  S.  Marks. 
An  explanation  of  proximate  and  uhimate 
analyses  of  coal,  and  of  the  relation  be- 
tween them.  2500  w.  Harvard  Jour  of 
Engng — April,  1909.  No.  4930  D. 
Australia. 

Cooktown  Coalfield.  Lionel  C.  Ball. 
Sketch  map  with  description  of  the  to- 
pography and  geology  of  the  district.  5500 
w.  Queens  Gov  Min  Jour — April,  1909. 
No.  4746  B. 
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Briquetting. 

Coal  Briquetting.  Carl  Scholz.  An  illus- 
trated article  presenting  the  advantages  of 
briquetting,  and  discussing  methods,  cost 
and  related  matters.  Discussion.  6000  w. 
Jour  W  Soc  of  Engrs — April,  1909.  No. 
4786  D. 
Canada. 

See  same  title,  under  Miscellany. 
Coal  Cutting. 

A  Comparison  of  Coal  Cutting  Ma- 
chines. Sydney  F.  Walker.  Showing 
economy  of  machine  mining  and  discuss- 
ing compressed  air  as  compared  with  elec- 
tric power.  6000  w.  Eng  &  Min  Jour — 
May  22,  1909.    No.  4921. 

Coke-Oven  Gas. 

The  Direct  Utilization  of  Coke-Oven 
Gas  in  Combustion  Motors  (Note  sur 
rUtilisation  directe  du  Gaz  de  Four  a 
Coke  dans  les  Moteurs  a  Explosion).  M. 
E.  Cuvelette.  An  exhaustive  discussion 
of  the  whole  subject.  18000  w.  Mem  Soc 
Ing  Civils  de  France — Feb.,  1909.  No. 
4807  G. 
Coking  Plants. 

Donahoe  Coke  Co.     C.   R.   King.      De- 
scribes the  works  and  mine  and  methods 
of  operating.    Ills.    5500  w.    Mines  &  Min 
— May,  1909.    No.  4478  C. 
Coking  Properties. 

A  Study  of  the  Coking  Properties  of 
Coals  (Etude  sur  les  Charbons  et  leur 
Pouvoir  cokefiant).  O.  Boudouard.  An 
important  investigation  of  the  influence  of 
composition,  structure,  etc.  6500  w.  Rev 
de  Mecan — April,  1909.  No.  4819  E  -|-  F. 
Electric  Power. 

Electricity  at  a  Colliery.    Illustrates  and 
describes    a    plant    recently    installed    at 
Shamrock  Colliery.  1800  w.    Engr,  Lond — 
May  14,  1909.    No.  4972  A. 
Explosions. 

Overcoming  Coal-Mine  Disasters.  Guy 
Elliott  Mitchell.  Describes  the  work  of 
the  U.  S.  governoient  in  explosion  investi- 
gations and  life-saving  in  the  mines.  Ills. 
3500  w.    Am  Rev  of  Revs — May,  1909.  No. 

4525  c. 

Means  for  the  Prevention  of  Gas  and 
Dust  Explosions  (Mittel  zur  Verhiitung 
von  Schlagwetter-  und  Kohlenstaubexplo- 
sionen).  Report  of  tests  by  the  Austrian 
Committee  for  the  Investigation  of  mine- 
gas  explosion  problems.  Ills.  Serial,  ist 
part.  6000  w.  Oest  Zeitschr  f  Berg  u 
Hiittenwesen — April  3,  1909.     No.  4864  D. 

Testing  Station  of  the  Central  Commit- 
tee of  French  Colliery  Owners  at  Lievin 
(La  Station  d'Essais  du  Comite  central 
des  Houilleres  de  France  a  Lievin).  Illus- 
trated description  of  a  station  built  for  the 
purpose  of  investigating  dust  explosions. 
Ills.  7500  w.  Genie  Civil — April  10,  1909. 
No.  4837  D. 
Formation. 

The  Origin  of  Anthracite  Coal.     Edito- 


rial review  of  theories  advanced,  and  gen- 
eral agreement  reached,  with  a  reference 
to  the  recent  investigations  of  A.  Strahan 
and  W.  Pollard  of  the  coals  of  South 
Wales.  1500  w.  Engng— April  23,  1909. 
No.  4464  A. 

Petroleums  and  Coals.  Eugene  Coste. 
A  comparison  of  their  nature,  mode  of 
occurrence  and  origin,  aiming  to  demon- 
strate that  there  are  really  two  series  of 
natural  compounds  of  carbon.  5500  w. 
Can  Min  Jour — May  15,  1909.  Serial,  ist 
part.    No.  4770. 

Illinois. 

Conditions  of  the  Coal  ^Mining  Industry 
of   Illinois.     David   Ross.     A   critical   re- 
view.  1800  w.     Min  Wld — ^lay  22,   1909. 
No.  4937. 
India. 

Longwall  Working  at  the  Seeteram- 
pore  Coal  Company's  Collieries,  Nursa- 
mooda,  India.  Willis  Howarth.  Explains 
the  physical  conditions  at  Nursamooda, 
the  human  conditions,  and  the  mechanical 
conditions.  2500  w.  Ir  &  Coal  Trds  Rev 
— April  30,  1909.  No.  4632  A. 
Lignite. 

Decrease  in  Weight  of  Lignite  in 
Transit.  Arthur  C.  Scott.  Gives  results 
of  experiments  with  Texas  lignite  to  de- 
termine changes  in  weight  and  heat  value 
due  to  temperature  and  humidity  condi- 
tions. 2500  w.  Power — May  11,  1909.  No. 
4588. 
Mine  Dust. 

The  Coal-Dust  Problem.  John  Verner. 
Address  before  the  Fuel  Conference,  at 
Urbana,  111.  Discusses  the  mechanical  in- 
fluence of  air  currents  in  furnishing  con- 
ditions favorable  to  a  dust  explosion.  5000 
w.  Mines  &  Min — May,  1909.  No.  4480  C. 
Mining. 

Avoidable  Losses  in  Mining.  H.  IMorton 
Middleton.  A  review  of  the  general  causes 
of  the  loss  of  time.  2200  w.  Col  Guard — 
May  7,  1909.     No.  4723  A. 

Geological  Relations  and  Working  of 
Thin  Lignite  Seams  at  Miincheberg,  Ger- 
many (Ablagerungsverhiiltnisse  und  Ab- 
bau  der  geringmiichtigen  Braunkohlen- 
floze  bei  Miincheberg).  Dr.  Tornow.  A 
brief  description  of  the  deposits  and  min- 
ing methods.  Ills.  3800  w.  Gluckauf — 
April  24,   1909.     No.  4873  D. 

The  Nine  Hours  Day  in  Austria.  Trans- 
latfon  of  a  report  by  a  Commission  ap- 
pointed by  the  Belgian  Government,  in 
regard  to  the  eflfect  on  production,  earn- 
ings, etc.  2500  w.  Col  Guard — April  23, 
1909.     No.  4457  A. 

See   also    Eight-Hour    Day,    under    IN- 
DUSTRIAL ECONOMY. 
Mining  Costs. 

An  Investigation  of  the  Cost  of  Mining 
Coal.  J.  R.  Finlay.  Gives  an  analysis  of 
operating  costs.  4000  w.  Eng  &  Min 
Jour — May  8,  1909.     No  4568. 


We  supply  copies  of  these  articles.     See  page  js^. 
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Mining  Plants. 

Power  Plant  of  a  Modern  Coal  Mine 
in  Alabama,  Illustrated  detailed  descrip- 
tion of  the  plant  at  Marvel,  Ala.  A  steel 
viaduct,  steel  tipple  with  screens  and  inter- 
esting up-to-date  equipment.  2500  w, 
Mfrs'  Rec — May  20,  1909.     No.  4764. 

Peru. 

The  Anthracite  of  Huayday,  Otuzco, 
Peru.  Ernesto  du  B.  Lukis.  Describes  the 
deposits.  1300  w.  Min  Jour — May  15,  1909. 
No.  4956  A. 

Philippines. 

The  Coal  Resources  of  the  Philippine 
Islands.  Warren  D.  Smith.  Considers  the 
importance  of  the  coal  supply,  the  geology, 
distribution,  coal  fields,  character  of  the 
coals.  Map.  4000  w.  Ec-Geol — April, 
1909.     No.  4671  D. 

Safety  Lamps. 

Self-Igniting  Safety  Lamps  (Die  Cerei- 
sen-  und  Explosivpillenziindung  bei  Sicher- 
heitslampen)  J.  Mayer.  Describes  tests 
and  experience  with  the  recently  patented 
Fillunger  self-igniting  lamp.  Serial,  ist 
part.  4800  w.  Oest  Zeitschr  f  Berg  u 
Hiittenwesen — April  10,  1909.    No.  4865  D. 

Washing. 

A  New  Coal  Washery  in  Michigan.  Lee 
Eraser.  Describes  specially  designed  meth- 
ods used  for  coal  averaging  about  15  per 
cent  ash,  and  containing  a  quantity  of 
crystallized  pyrites.  800  w.  Eng  &  Min 
Jour — May  15,  1909.     No.  4684. 

West  Virginia. 

Raleigh  County  Mining  Methods.  H.  H. 
Stock.  Describes  methods  in  use  and  pro- 
posed in  a  newly  developed  region  of 
West  Virginia.  Ills.  4500  w.  Mines  & 
Min — May,  1909.     No.  4481  C. 

COPPER. 

Alaska. 

The  Big  Bonanza  Copper  Mine,  La- 
touche  Island,  Alaska.  Francis  Church 
Lincoln.  History  and  detailed  description 
of  its  development.  Ills.  2800  w.  Ec-Geol 
— April,  1909.     No.  4669  D. 

See  also  same  title,  under  RAILWAY 
ENGINEERING,  Miscellany. 
Arizona. 

Mining  in  Western  Arizona  and  Eastern 
California.  W.  A.  Root.  Map  and  illus- 
trated description  of  properties  in  this  re- 
gion. The  prevailing  mineral  is  copper 
carrying  gold  values.  1500  w.  Min  Wld — 
May  15,  1909.  No.  4700. 
California. 

See  Arizona,  under  Copper. 
Electro-Metallurgy. 

Recent  Advances  in  the  Electrometal- 
lurgy of  Copper  (Neuerungen  auf  dem 
Gebiete  der  Elektrometallurpie  des  Kup- 
fers).  Dr.  Franz  Peters.  Discusses  electro- 
thermic  methods  of  smelting  and  electro- 
lytic refining.  3500  w.  Gliickauf — April  10, 
1909.    No.  4870  D. 

We  supply  copies  of  these 


Nevada. 

The  Yerington  Copper  Mining  District, 
Nevada.  Frederick  L.  Ransome.  Abstract 
of  a  report  of  the  general  geology  of  the 
region  with  description  of  the  mines.  Map. 
4500  w.    Min  Wld — May  i,  1909.   No.  4398, 

Production. 

Copper  Production  in  1908  and  the  Pres- 
ent Outlook.  John  B.  C.  Kershaw.  An 
examination  of  production  and  price  sta- 
tistics of  the  last  nine  years.  2000  w.  Elec 
Rev,  N  Y — May  i,  1909.     No.  4380. 

Smelter  Fumes. 

Legal  Status  of  Works  Producing  Nox- 
ious Gases.  Charles  Baskerville.  Dis- 
cusses phases  of  the  smelter  smoke  prob- 
lem in  the  United  States.  3500  w.  Eng 
&  Min  Jour — May  i,  1909.     No.  4382. 

Washington. 

See  same  title,  under  Gold  and  Silver. 
GOLD  AND  SILVER. 

Amalgamation. 

Increasing  the  Efficiency  of  Plate  Amal- 
gamation by  Electrochemical  Action.  El- 
mer Ellsworth  Carey.  Outlines  an  elec- 
trochemical system  of  amalgamation  de- 
signed to  extract  from  sands  or  pulp  all 
gold  values  not  encased.  2000  w.  Elec- 
Chem  &  Met  Ind — May,  1909.  No.  4510  C. 
Electro-Chemical  Amalgamation.  Elmer 
Ellsworth  Carey.  A  discussion  of  gold  ex- 
traction by  amalgamation,  especially  the 
paper  of  C.  G.  Warnford  Lock,  read  be- 
fore the  Inst,  of  Min.  &  Met.  some  six- 
teen years  ago.  2000  w.  Min  Jour — May 
15,  1909.     No.  4958  A. 

Australia. 

Mining  Costs  and  Labor  in  Western 
Australia.  Richard  Hamilton.  Abstract 
of  an  address  at  meeting  of  the  Chamber 
of  Mines  of  Western  Australia.  Discusses 
ways  in  which  the  workers  may  co-operate 
toward  reducing  working  costs.  2500  w. 
Min  Jour — May  i,  1909.     No.  4611  A. 

Mining  in  Victoria.  E.  J.  Dunn.  Brief 
review  of  mines  in  the  auriferous  district 
known  as  the  St.  Arnaud  field.  3500  w. 
Aust  Min  Stand — March  31,  and  April  7, 
1909.    2  parts.    No.  4616  each  B. 

Southern  End  of  the  Bendigo  Goldfield. 
Donald  Clark.  Describes  the  Goldfields 
line  of  reef  and  the  mines  now  being 
worked.  1500  w.  Aust  Min  Stand — April 
y,  1909.     No.  4618  B. 

The  Etheridge  Goldfield,  Queensland. 
W.  C.  Walworth  Pearce.  Describes  a  field 
where  copper,  lead,  gold  and  silver  have 
been  found,  being  brought  to  notice  by 
new  railway  construction.  Map.  2500  w. 
Min  Jour — May  i,  1909.  No.  4610  A, 
Chlorination. 

Dry  Chlorine  Processes.  F.  W.  Trap- 
hagen.  Explains  methods  used  for  the 
chlorination  of  complex  ores  containing 
precious  metals,  with  zinc,  lead,  and  iron. 
4000  w.  Mines  &  Min — May,  1909.  No. 
4479  C 
articles.    See  page  72^. 
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Cobalt. 

Eastern  Canada.  Alex.  Gray.  Reviews 
a  years  work  at  the  Nipissing,  the  present 
position  and  recent  development.  3000  w. 
Min  Jour — May  i,  1909.     No.  4613  A. 

Consolidation  of  the  La  Rose-Lawson 
Properties.  Alex.  Gray.  An  account  of 
an  event  of  importance  in  the  mining  de- 
velopment at  Cobalt,  Ont.  1800  w.  Min 
Wld— May  8,  1909.  No.  4580. 
Coinage. 

Coinage   in   the   British   Empire.      J.   J. 
Harpell.    Deals  particularly  with  the  Brit- 
ish   minting   system.    2200   w.       Can    Min 
Jour — May  15,  1909.    No.  4771. 
Cyaniding. 

Cyanidation  of  Silver  Ores.  D.  Mosher. 
Considers  the  need  of  methods  that  will 
give  greater  range  in  the  treatment  of 
low-grade  silver  ores.  2500  w.  Min  & 
Sci  Pr — May  15,  1909.     No.  4791. 

Cyanidation  at  Mercur,  Utah.  Leroy  A. 
Palmer.  Describes  the  ores  and  method 
of  treatment.  111.  3000  w.  Min  &  Sci  Pr 
— May  I,  1909.     No.  4528. 

See  also  Precipitation,  under  Gold  and 
Silver. 
Dredging. 

Examination  of  Gold  Dredging  Proper- 
ties. T.  S.  Ruh.  Comments  on  methods 
that  cause  failure.  1000  w.  Eng  &  Min 
Jour — May  i,  1909.     No  4384. 

Testing  Dredgeable  Gravels.  William  H. 
Radford.  Suggestions  for  testing  and 
working  placers.  Ills.  3500  w.  Min  & 
Sci  Pr — May  22,  1909.    No.  5010. 

The  Dredging  Industry  in  New  Zealand. 
Arthur  C.  Buckland.  Describes  the  pres- 
ent condition  and  the  outlook.  3000  w. 
Min  Jour — May  i,  1909.    No.  4612  A. 

Failures  in  Spuds.  Howard  D.  Smith. 
On  the  care  that  should  be  taken  to  pro- 
vide for  the  strains  in  these  long  steel 
beams  used  to  hold  gold  dredges  against 
the  bank.  Ills.  500  w.  Min  &  Sci  Pr — 
May  22,  1909.    No.  5012. 

Restoring  Dredged  Ground.  Abstract 
from  a  report  of  D.  B.  Sellars,  concerning 
methods  used  in  Victoria,  Australia,  to 
restore  the  dredged  area  to  usefulness  for 
agricultural  purposes.  Ills.  1200  w.  Eng 
&  Min  Jour — May  8,  1909.  No.  4567. 
Electro-Metallurgy. 

Recent  Advances  in  the  Electro-Metal- 
lurgy of  the  Precious  Metals  and  of  Lead 
(Neuerungen  auf  dem  Gcbiete  der  Elek- 
trometallurgie  der  Edelmetalle  und  des 
Bleis).  Dr.  Franz  Peters.  Discusses 
cyaniding  and  refining  processes  for  gold 
and  silver,  and  smelting  and  refining  pro- 
cesses for  lead.  Ills.  4500  w.  Gliickauf — 
April  17,  1909.  No.  4871  D. 
Germany. 

See  same  title,  under  Lead  and  Zinc 
Gold  Mining. 

The  "Wholesale"  Idea  of  Gold  Mining. 
W.   R.   Feldtmann.      Discusses   the   policy 


of  increasing  reduction  plant,  up  to  the 
practicable  producing  limit  of  a  mine,  in- 
dicating the  relation  between  large  scale 
working  and  the  best  economic  results. 
5000  w.  Inst  of  Min  &  Met,  Bui.  55 — 
April  15,  1909.    No.  4737  N. 

Korea. 

See  same  title,  under  Miscellany. 

Mexico. 

Calabacillas  Gold  Mine.  Brief  account 
of  this  mine  on  the  west  coast  of  Mexico, 
the  methods  of  development,  and  character 
of  the  ore  deposits.  Ills.  1000  w,  Min  & 
Sci  Pr — May  15,  1909.     No.  4790. 

Nevada. 

See  Silver  Milling,  under  Ore  Dressing 
AND  Concentration. 

New  Mexico. 

See  same  title,  under  Lead  and  Zinc. 

New  Zealand. 

See  Dredging,  under  Gold  and  5ilver. 

Ontario. 

Impressions  of  a  New  Ontario  Camp — 
Gowganda.  H.  E.  West.  Describes  the 
deposits,  and  considers  railroad  connec- 
tions essential  to  their  development.  3000 
w.  Eng  &  Min  Jour — May  i,  1909.  No. 
4385. 

Placers. 

The  Placer  Mining  Industry  of  North 
Carolina.  R.  Kemp  Welch.  Reviews  the 
history  of  the  industry  and  gives  informa- 
tion in  regard  to  mines  now  being  worked. 
Ills.  2500  w^  Min  Wld — May  22,  1909. 
No.  4934. 

Precipitation. 

Notes  on  Precipitation.  Mather  Smith. 
A  critical  discussion  of  methods,  aiming 
to  show  that  more  zinc  than  is  necessary 
is  used  and  is  both  harmful  and  costly ; 
and  that  precipitation  boxes  are  often  con- 
structed on  a  wrong  principle.  2500  w. 
Jour  Chem,  Met  &  Min  Soc  of  S  Africa — 
March,  1909.    No.  4974  E. 

Rand. 

See  Valuation,  under  AIining. 

Siberia. 

Gold  and  Other  IMinerals  of  Eastern  Si- 
beria. S.  F.  G.  White.  Reports  rich  gold 
quartz  veins  in  Backal;  placer  deposits  in 
Amurski  Oblast.  2000  w.  Eng  &  Min 
Jour — May  22,  1909.     No.  4918. 

Transvaal. 

The  Pilgrim's  Rest  Gold  Fields  and 
Mining  Methods.  J.  Moyle-Phillips.  Il- 
lustrates and  describes  the  geology  and 
methods  of  development,  giving  the  his- 
tory of  these'mines.  6000  w.  Jour  Chem. 
Met,  &  ^lin  Soc  of  S  Africa— March,  1909. 
No.  4973  E. 

Wasiiington. 

Developments  in  the  Orient  District, 
Washington.  Bert  N.  Sharpe.  An  illus- 
trated account  of  this  district  which  yields 
ores  carrying  gold,  silver  and  copper.  1  :oo 
w.    Min  Wld— May  8,  1909.    No.  4581. 


We  supply  copies  of  these  articles.    See  page  -..'j. 
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IRON  AND  STEEL. 

Blasit-Furnace  Plants. 

The   Liibeck  Iron   Works    (Das   Hoch- 
ofcnwerk  Liibeck).  Illustrated  detailed  de- 
scription.    3000  w.     Stahl  u  Eisen — April 
28,  1909.     No.  4859  D. 
Blast-Furnace  Practice. 

On  Charcoal  Blast-Furnace  Pr?-:tice  in 
the  Ural.  M.  A.  Pavloff.  Gives'  some 
numerical  data  relating  to  the  seven  blast 
furnaces  in  the  Ural  region.  3500  v;^.  Engr, 
Lond — May  14,  1903.    No.  4967  A. 

Stock  Distribution  for  Blast  Furnaces. 
J.  E.  Johnson,  Jr.  Describes  a  nev^ 
method  of  rotating  and  dumping  the  ball. 
Ills.  2000  w.  Ir  Age— May  13,  1909.  No. 
4636. 
Blast-Furnace  Slag. 

Economies  in  the  Manufacture  of  Iron 
and  Steel.  G.  B.  Waterhouse.  The  second 
of  two  articles  dealing  with  the  two  great 
economies.  The  present  number  considers 
the  utilization  of  blast-furnace  slag,  espe- 
cially in  the  manufacture  of  cement.  Ills. 
4000  w.  Engineering  Magazine — June, 
1909.  No.  4985  B. 
Blowing  Engines. 

The  Two-Cycle  Gas-Blowing  Engine 
Plant  at  the  Works  of  the  Frodingham 
Iron  and  Steel  Company^,  Limited.  Plate, 
illustrations  and  description.  1500  w.  Ir 
&  Coal  Trds  Rev— May  7,  1909.  No. 
4734  A. 

See  also  Air  Compressors,  and  Turbo- 
Compressors,  under  MECHANICAL  EN- 
GINEERING, Power  and  Transmission. 
Cost. 

Cost  of  Iron  Production  in  Britain  and 
America.  A  criticism  of  recent  state- 
ments made  by  Mr.  Andrew  Carnegie. 
2500  w.  Engr,  Lond — May  7,  1909.  No. 
4729  A. 
Electro-Metallurgy. 

The  Heroult  Electric  Steel  Furnace. 
Robert  Turnbull.  Reviews  the  history, 
illustrating  and  describing  features.  1500 
w.    Ir  Age — May  13,  1909.     No.  4638. 

Small  Experimental  Heroult  Furnace. 
C.  A.  Hansen.  Illustrated  description  of 
the  furnace  and  the  results  obtained.  1500 
w  Elec-Chem  &  Met  Ind— May,  1909.  No. 
4508  C. 

Electric  Smelting.  F.  W.  Harbord.  Ab- 
stract of  a  paper  read  at  meeting  of  the 
W.  of  Scotland  Ir  &  Steel  Inst.  Deals  par- 
ticularly with  the  results  obtained.  4500 
w.     Elec  Engr,  Lond — May  7,  1909.     No. 

4715  A. 

The  Electric  Furnace  Reduction  of  Iron 
Ore.  Joseph  W.  Richards.  Read  before 
the  Am.  Elec-Chem.  Soc.  Considers  the 
reactions  in  blast  furnaces  and  the  differ- 
ences in  electric  furnace  smeUing  of  iron 
ores.  2500  w,  Ir  Trd  Rev — May  15,  1909. 
No.  4642. 

The  American  Electrochemical  Society. 
lUport  of  the  meeting  at  Niagara  Falls, 


Canada,    on    May    5,    giving   abstracts    of 
papers  read.     Many  dealt  with  the  electro- 
metallurgy of  iron  and  steel.    9000  w.    Ir 
Age — May  13,  1909.     No.  4637. 
Ingot  Compression. 

Fluid  Compression  of  Steel  Ingots.  J. 
F.  S.  Springer.  An  illustrated  description 
of  the  Harmet  process  and  the  fluid-com- 
pression presses  used.  1200  w.  Sci  Am — 
May  29,  1909.  No.  5024. 
Ontario. 

Report  on  the  Examination  of  Some 
Iron  Ore  Deposits  in  the  Districts  of 
Thunder  Bay  and  Rainy  River,  Province 
of  Ontario.  F.  Hille.  Enumerates  and  de- 
scribes the  various  ore  deposits.  Maps  & 
Ills.  21500  w.  Can  Dept  of  Mines — No. 
22.  No.  4542  N. 
Production. 

Iron  and  Steel  Production  in  Recent 
Years.  Editorial  review  of  statistics  from 
the  Board  of  Trade  publication,  in  regard 
to  the  principal  countries.  2000  w.  Engng 
— May  14,  1909.  No.  4964  A. 
Rolling  Mills. 

Gas  Power  for  Rolling  Mills.    Dr.  Franz      , 
Erich  Junge.     A  discussion  limited  to  a     ^ 
large    modern    combined    iron    and    steel     ' 
works  embracing  all  the  departments  nec- 
essary   to     transform    ore    into    finished 
product.      Ills.      6000  w.      Ir  Trd   Rev — 
May   13,   1909.     No.  4641.  J 

See  also   Electric   Driving,   under   ME-     * 
CHANICAL     ENGINEERING,     Power 
AND    Transmission  ;    and    Rails,    under 
RAILWAY     ENGINEERING,     Perma- 
nent Way  and  Buildings. 

Steel  Works. 

Some  Observations  on  Structural  Shop 
Management.  Samuel  E.  Duff.  Discusses 
the  principles  of  accurateness  as  applied 
to  shop  management.  Also  general  dis- 
cussion. 8500  w.  Pro  Engrs'  Soc  of  W 
Penn — April,   1909.     No.  4555  D. 

Sweden. 

Technical,  Social  and  Economic  Aspects 
of  Ironstone  Mining  in  Sweden,  Its  Pros- 
pects and  Probable  Development  (Schwe- 
dens  Eisensteinbergbau  in  technischer, 
sozialer  und  wirtschaftlicher  Hinsicht, 
seine  Aussichten  und  vermutliche  Ent- 
wicklung),  Herr  Spackeler.  Ills.  Serial. 
1st  part.  4200  w,  Gluckauf — April  3, 
1909.  No.  4869  D, 
Tin  Plates. 

The  Manufacture  of  Tin  Plates  and 
Terne  Plates.  William  G.  Gray.  Read 
before  the  Phila.  Master  Tin  &  Sheet 
Metal  Workers'  Assn.  Gives  the  history 
of  this  industry  and  statistics  relating  to 
it.  4500  w.  Ir  Age — May  20,  1909.  No, 
4769. 
Tube  Making. 

The  Making  of  a  Cold-Drawn  Steel 
Tube.  Illustrated  description  of  the  Shelby 
Process.  3000  w.  Sci  Am  Sup — May  8, 
1909.    No.  4541. 


We  supply  copies  of  these  articles.    See  page  72$. 
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United  States. 

The  American  Iron  and  Steel  Industry. 
T.  Good.  A  British  view  of  the  American 
trade.  4500  w.  Cassier's  Mag — May,  1909. 
No  4404  B, 

LEAD  AND  ZINC. 
Germany. 

Silver-Lead  Mining  in  Freiberg,  Ger- 
many. Wilton  G.  Brown.  Gives  the  his- 
tory of  mining  in  this  region,  beginning 
in  the  12th  century.  2500  w.  Eng  &  Min 
Jour — May   15,    1909.     No.  4683. 

Lead  Milling. 

Concentrating  Difificult  Lead  Ores  at 
Broken  Hill.  Gerard  W.  Williams.  De- 
scribes methods  used  at  Block  10  mill  for 
treating  rhodonite-bearing  ores.  2500  w, 
Eng  &  Min  Jour — May  8,  1909.     No.  4565. 

Lead  Refining. 

See  Electro-Metallurgy,  under  Gold  and 
Silver. 

Lead  Smelting. 

Modern  Silver-Lead  Smelting  at  Lau- 
rium,  Greece.  Henry  F.  Collins.  Describes 
the  ore  treatment,  and  the  new  American 
blast  furnace  installed.  Ills.  2500  w. 
Eng  &  Min  Jour — May  i,  1909.    No.  4381. 

Massachusetts. 

See   Ore   Deposits,   under   Miscellany. 

Missouri. 

Migrations  of  the  Joplin  Zinc  Belt. 
Charles  R.  Keyes.  Diagrams  and  outline 
of  geologic  history.  1000  w.  Eng  &  Min 
Jour — May  22,  1909.    No.  4922. 

New  Mexico. 

The  Tres  Hermanas  Mining  District, 
New  Mexico.  Waldemar  Lindgren.  Ab- 
stract from  Bui.  U.  S.  Geol.  Surv.  De- 
scribes veins  rich  in  lead  and  gold,  with 
deposits  of  zinc,  and  the  general  geologic 
formation.  2000  w.  Min  Wld — May  8, 
1909.     No.  4579. 

MINOR  MINERALS. 
Amatrice. 

Amatrice,  a  New  Gem  Stone  of  Utah. 
Edward  R.  Zalinski.  A  matrix  stone,  con- 
sisting of  the  minerals  variscite  and  chal- 
cedony, with  wardite  or  possibly  other 
hydrous  aluminum  phosphates  and  quartz. 
Ills.  2000  w.  Eng  &  Min  Jour — May  22, 
1909.     No.  4920. 

Antimony. 

Antimony.  E.  B.  Wilson.  Its  uses,  ores, 
methods  of  testing,  etc.,  are  discussed. 
3000  w.  Mines  &  Min — May,  1909.  No. 
4482  C. 

Carborundum. 

The  Works  of  the  Carborundum  Com- 
pany at  Niagara  Falls.  An  illustrated 
sketch  of  recent  developments.  1600  w. 
Elec-Chem  &  Met  Ind — May,  1909.  No. 
4504  c. 

Cement. 

Portland  Cement.  John  L.  Howard. 
Read  before  the  Berkeley  Club.     Reviews 


the  discoveries  that  mark  the  development 
of  this  material.  4500  w.  Min  &  Sci  Pr — 
May  I,  1909.     No.  4530. 

Critical  Economies  in  Portland  Cement 
Production.  E.  A.  Richmon''.  Discusses 
the  best  length  and  diameter  for  kilns,  ef- 
fects of  fine  grinding,  costs,  etc.  2500  w. 
Eng  Rec — May  15,  1909.    No.  4694. 

The  Mills  of  the  Cowell  Portland  Ce- 
ment Company.  Illustrated  description  of 
a  mill  near  San  Francisco,  with  a  capacity 
of  4000  barrels  per  day.  3500  w.  Eng 
Rec — May  8,  1909.     No.  4575. 

See  also  Blast  Furnace  Slag,  under  Iron 
AND  Steel. 
Diamonds. 

The  Diamond  Bearing  Highlands  of 
Bahia.  J.  C.  Branner.  Illustrates  and  de- 
scribes this  region  in  Brazil,  outlining 
the  geology,  describing  the  diamond  pro- 
ducing area,  and  mining  methods  used. 
4000  w.  Eng  &  Min  Jour — May  15,  1909. 
Serial,     ist  part.     No.  4682. 

Supposed  Diamond-Bearing  Volcanic 
Pipe.  E.  F.  Pittman.  An  account  of  a 
supposed  diamatiferous  deposit  at  Snod- 
grass,  Australia.  2000  w.  Aust  Min  Stand 
— April  7,  1909.  No.  4617  B. 
Graphite. 

The  Work  of  the  International  Achi- 
son  Graphite  Company  at  Niagara  Falls. 
Illustrates  and  describes  the  present  equip- 
ment of  these  works.  1800  w.  Elec-Chem 
&  Met  Ind — May,  1909.  No.  4503  C. 

See  also  same  title,  under  Ore  Dressing 
AND  Concentration. 
Mica. 

Mica  Mining.  A.  S.  Atkinson.  Re- 
marks on  the  increased  value  of  mica  de- 
posits, the  mining  methods  in  the  United 
States  and  Canada,  etc.  1600  w.  Eng  & 
Min  Jour — May  8,  1909.  No.  4566. 
Natural  Gas. 

Long  Distance  Pumping  of  Natural  Gas. 
Snowden  B.  Redfield.  Illustrates  and  de- 
scribes the  gas-pumping  and  compression 
plants,  employing  gas  engines  to  drive  the 
compressors.  2500  w.  Am  Mach — Vol.  32. 
No.  21.  No.  5015. 
Oil. 

Some  Petroleum-Bearing  Regions  of 
Mexico.  Juan  D.  Villarcllo.  Brief  reports 
of  the  various  districts,  with  general  con- 
clusions. 2000  w.  Min  Jour — May  15, 
1909.     No.  4955  A.  ^ 

Bitumen  and  Oils  in  West  Africa.  T. 
Hugh  Boorman.  Information  concerning 
the  deposits.  1200  w.  Eng  &  Min  Jour — 
May  22,  1909.    No.  4919. 

New  Method  of  Extracting  Oil  from 
Boreholes.  Frederick  A.  Talbott.  The 
principal  feature  is  an  endless  cable  cov- 
ered with  absorbent  material  and  oper- 
ated from  a  drum  at  the  surface.  2000 
w.  Eng  &  Min  Jour — May  15,  1909.  No. 
4686. 

The  "Liming"  of  Crude  Oil.  A.  P.  Lid- 
off.  Explains  the  advantages  of  a  proposed 


We  supply  copies  of  these  articles.    See  page  723. 
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new  method.    1800  w.    Min  Wld — May  22, 
1909,    No.  4938. 

See    also    Formation,    under    Coal  and 
Coke. 
Platinum. 

The  Russian  Platinum  Industry  and  Its 
Regulation.  E.  De  Hautpick.  Gives  statis- 
tics of  output  and  consumption,  discussing 
the  dissatisfaction  of  producers,  and  pro- 
posed legislation.  3000  w.  Min  Jour — • 
May  8,  1909.  No.  4722  A. 
Rare  Metals. 

The  Occurrence  of  the  Rare  Metals  in 
Peru.  Eugen  Weckwarth.  Abstract  trans- 
lation. Cerium,  germanium,  lithium,  mo- 
lybdenum, rubidium,  thalium,  tellurium, 
titanium,  thorium,  tungsten,  vanadium, 
and  zirconia  have  been  found.  1500  w. 
Min  Jour — April  24,  1909.  No.  4456  A. 
Tantalum. 

Tantalum  and  Its  Industrial  Applica- 
tions. Alex.  Siemens.  Lecture  at  the  Roy. 
Inst.  Reviews  the  investigations  of  metal- 
lic filaments,  and  the  experiments  with 
tantalum,  and  many  other  ores  showing  its 
remarkable  qualities.  3000  w.  Nature — 
May  6,  1909.  No.  4702  A. 
Tin. 

Tin  in  the  Black  Hills  of  South  Dakota. 
Jesse  Simmons.  Brief  description  of  the 
geology  and  development.  Ills.  1500  w. 
Min  Wld — May  15,  1909.    No.  4699. 

Some  Features  of  the  Alaskan  Tin  De- 
posits. Adolph  Knopf.  Describes  the  mode 
of  occurrence  and  the  associated  minerals, 
the  geology,  and  mineralization.  3000  w. 
Ec-Geol — April,  1909.  No.  4670  D. 
Trass. 

The  Genesis,  Mining  and  Uses  of  Trass 
(Der  Trass,  seine  Enstehung,  Gewinnung 
und  Bedeutung  im  Dienste  der  Technik). 
Herr  Hambloch.  Ills.  6600  w.  Zeitschr  d 
Ver  Deutscher  Ing — April  24,  1909.  No. 
5079  D. 
Tungsten. 

Tungsten  in  Colorado.  H.  R.  Wagenen. 
The  Frenzel  prize  thesis.  Discusses  its 
occurrence,  mill  practice,  production,  etc., 
its  physical  properties,  uses,  mineralogy, 
chemistry  and  other  topics.  13500  w.  Qr 
of  Colorado  Sch  of  Mines — April,  1909. 
No.  4741  N. 

MINING. 
Accounting. 

Mining  Accounts.  Dwight  B.  Huntley. 
A  lecture  delivered  before  the  Mining 
Assn.  of  the  Univ.  of  Cal.  on  the  keeping 
of  mining  accounts,  4500  w.  Cal  Jour  of 
Tech — April,  1909.  No.  4761. 
Deep  Level. 

Suggestions  for  Modern  Deep  Level 
Mining.  H.  H.  Johnson  and  H.  F.  Roche. 
Gives  an  outline  of  the  writer's  views  on 
the  surface  equipment  only,  in  the  present 
article.  General  discussion.  Ills.  4500  \V. 
Jour  S  African  Assn  of  Engrs — March, 
1909.    No.  4445  A. 


Diamond  Drilling. 

See  Prospecting,  under  Mining. 
Drills. 

Surface  Trials  in  Rand  Stope  Drill 
Competition.  Eustace  M.  Weston.  Report 
of  results  of  trials  held  under  the  auspices 
of  the  Transvaal  government.  2500  w. 
Eng  &  Min  Jour — May  15,  1909.    No.  4685 

Electric  Power. 

Electricity  in  Mines  (L'Electricite  dans 
les  Mines).  Albert  Rigaux.  The  first  part 
discusses  the  generation  and  distribution 
of  electrical  energy.  Ills.  Serial.  ist 
part.  7500  w.  Bui  Sci  d  I'Assn  des  Eleves 
— March,  1909.  No.  4806  D. 
Head  Frames. 

Stresses  in  Hoisting  Ropes  and  the  De- 
sign of  Mine  Headgears.  Robert  Boyle. 
Drawings  and  discussion.  11700  w.  Scot- 
tish Inst  of  Min  Students — May  16,  1908. 
No.  4758  N. 
Hoisting. 

Counterbalanced  Hoisting.  R.  L.  Her- 
rick.  Illustrates  and  describes  ingenious 
devices  used  in  Colorado  mines  which  re- 
sult in  economy  of  power.  3300  w.  Mines 
&  Min — May,  1909.     No.  4477  C. 

See  also  Head  Frames,  under  Mining. 
Hoisting  Engines. 

Three  Thousand  Horse  Power  Winding 
Engine.  J.  B.  Van  Brussel.  Illustrates  de- 
tailed description  of  a  high  pressure  type. 
800  w.  Eng  &  Min  Jour — May  i,  1909. 
No.  4386. 
Methods. 

Underground  Mining.  Edgar  Taylor. 
Presidential  address  briefly  reviewing  an- 
cient and  modern  methods.  4000  w.  Inst, 
of  Min  &  Met,  Bui.  55 — April  15,  1909. 
No.  4735  N. 
Mine  Reports. 

Geologic  Essentials  of  a  Mine  Report. 
Courtenay  De  Kalb.  An  address  before 
the  Geol.  Soc.  of  Stanford  Univ.  A  dis- 
cussion of  the  essential  points  and  other 
related  topics.  4500  w.  Min  &  Sci  Pr — 
May  I,  1909.  No.  4529. 
Ore  Bins. 

Mechanical  Devices  for  Filling  Ore  Bins 
(Anlagen  zur  mechanischen  Beschickung 
von  Erztaschen).  L.  Schiitt.  Describes 
devices  for  handling  and  dumping  cars  at 
the  Pont-a-Mousson  iron  works,  France. 
Ills.  Serial.  2  parts.  2200  w.  Stahl  u 
Eisen — April  7,  1909.  No.  4857  each  D. 
Prospecting. 

Diamond  Drill  Prospecting  in  Southeast 
Missouri.  Otto  Ruhl.  An  account  of  the 
setting  up  of  the  machines,  prospecting 
methods,  etc.  Ills.  2200  w.  Min  Wld — 
May  I,  1909.  No.  4396. 
Pumps. 

Sinking  Pumps.  Frank  S.  Mitchell.  Il- 
lustrated description  of  a  design.  1000  w. 
Jour  Assn  of  Engng  Socs — March,  1909. 
No.  491 1    C. 
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Valuation. 

The  Computation  of  the  Present  Value 
of  Developed  and  Undeveloped  Mines.  W. 
H.  Goodchild.  Paper  before  the  Inst,  of 
Min.  &  Met.  Deals  mainly  with  the  com- 
putation of  the  present  gross  value.  3800 
w.  Ir  &  Coal  Trds  Rev — April  23,  1909. 
No.  4473  A. 

The  Valuation  of  Mining  Areas  on  the 
Rand.  W.  Fischer  Wilkinson.  Considers 
the  factors  that  decide  the  size  of  a  mine 
and  the  principles  of  valuation.  2800  w. 
Inst  of  Min  &  Met.,  Bui.  55— April  15, 
1909.  No.  4736  N. 
ORE  DRESSING  AND  CONCENTRATION. 
Drying. 

The  Technique  of  Desiccation.  O.  Bech- 
stein,  in  Prometheus.  Illustrates  and  de- 
scribes apparatus  for  the  artificial  drying 
of  agricultural  products  and  wastes.  2500 
w.  Sci  Am  Sup — May  22,  1909.  No.  4906. 
Calculations  for  Dryer  Design.  William 
M.  Grosvenor.  Presented  at  meeting  of 
Am.  Inst,  of  Chem.  Engrs.  With  humidity 
chart  supplement,  and  tables.  4000  w. 
Heat  &  Vent  Mag — May,  1909.  No.  4929. 
Evaporators. 

The  Evaporator.  Edward  Zaremba.  De- 
scribees the  vacuum  apparatus,  presenting 
its   advantages.      1400  w.      Elec   Chem  & 
Met  Ind — May,  1909.    No.  4509  C. 
Gold  Milling. 

Milling  in  the  Cripple  Creek  District, 
Colorado.  S.  A.  Worcester.  Discusses 
causes  of  failure  in  past  milling  operations, 
offering  suggestions  for  successful  plants. 
2500  w.  Eng  &  Min  Jour — May  8,  1909. 
No.  4569. 

New  Type  of  Washer  for  Low-Grade 
Gold  Ores.  Joseph  Hyde  Pratt.  Illus- 
trated description  of  a  machine  found  su- 
perior to  other  types  for  treating  the  gold 
ores  of  the  South  Atlantic  States.  2000  w. 
Eng  &  Min  Jour — May  8,  1909.  No.  4564. 
See  Amalgamation,  and  Cyaniding,  un- 
der Gold  and  Silver. 
Graphite. 

Graphite  Concentration.  H.  P.  H.  Bru- 
mell.  A  resume  of  work  done  in  Canada, 
with  brief  illustrated  descriptions  of  vari- 
ous plants.  4000  w.  Can  Min  Jour — May 
I,  1909.  No.  4490. 
Lead  Milling. 

The  Concentration  of  Silver-Lead  Ores, 
Broken  Hill.  U.  F.  Stanley  Low.  Gives 
details  of  methods  adopted  at  Block  10 
Co.'s  works.  Ills.  5500  w.  Aust  Min  Stand 
— March  31,  1909.  Serial,  ist  part.  No. 
46r5  B. 

Metallurgical  Treatment  of  Jamesonife 
Ores.  G.  P.  Ives  and  I.  D.  Ossa.  Abstract 
of  a  thesis  submitted  to  the  faculty  of  the 
S.  D.  State  Sch.  of  Mines.  Describes 
these  ores  of  value  for  the  metals  lead 
and  antimony,  also  gold  and  silver,  and 
their  treatment.  1200  w.  Eng  &  Min  Jour 
—May  I,  1909.     No.  4383. 


Magnetic  Concentration. 

The  Concentration  of  Low-Grade  Mag- 
netic Iron  Ores.  G.  C.  MacKenzie.  Con- 
siders important  features  of  the  problem. 
3500   w.    Ir   Trd    Rev — May   6,    T909.    No. 

4535- 

1  he  Magnetic  Separation  of  Ores  and 
Its  Application  to  Spathic  Iron  (Siderite) 
in  Siegerland.  W.  J.  Bartsch.  Abstract 
of  a  paper  read  at  meeting  of  the  Assn. 
"Berggeist"  at  Siegen.  Explains  the  prin- 
ciples of  separation,  illustrating  and  de- 
scribing the  Briiderbund  mines  plant.  3000 
w.  Ir  &  Coal  Trds  Rev — ]May  7,  1909.  No. 
4732  A. 

Magnetic  Concentration  of  Iron  Ores, 
Ontario.  George  C.  Mackenzie.  Abstract 
from  report  of  Bureau  of  Mines,  Toronto. 
A  discussion  of  the  concentration  problem 
and  proposed  methods.  2500  w.  Min  Wld 
— May  8,  1909.     No.  4582. 

See  also  Tungsten,  under  Ore  Dressing 
AND  Concentration. 

Silver  Milling. 

Mines  and  Plants  of  the  Pittsburg  Silver 
Peak.  Henry  Hanson.  An  illustrated 
discussion  of  the  milling  practice  at  these 
mines  in  Nevada.  Ills.  3500  w.  Min  & 
Sci  Pr — May  8,  1909.     No.  4652. 

Tungsten. 

The  Separation  of  Tungsten  Alinerals. 
Henry  E.  Wood.  Abstract  of  paper  read 
before  the  Colo.  Sci.  Soc.  Considers  wet 
concentration  and  magnetic  separation,  fa- 
voring the  latter  where  it  is  possible  to 
use  it.  1500  w.  ]\Iin  Wld — May  22,  1909. 
No.  4935. 

MISCELLANY. 

Australia. 

The  Queensland  Mining  Industry.  A 
review  of  the  year  1908.  Report  of  A.  R. 
Macdonald,  Under  Secretary  for  Mines. 
24500  w.  Queens  Gov  Min  Jour — April, 
1909.     No.  4745  B. 

Canada. 

The  Occurrence  and  Mining  of  Coal  and 
Metals  in  Canada  (Vorkommen  und  Ge- 
winnung  von  Kohle  und  Erz  in  Kanada). 
Ernst  Kraynik.  Report  of  one  of  the 
German  representatives  on  the  recent  tour 
of  the  Canadian  Mining  Institute.  Ills. 
Serial,  ist  part.  5500  w.  GUickauf — April 
24,  1909.     No.  4872  D. 

Colorado. 

Geology  of  the  Mineral  Resources  of 
Colorado.  Arthur  Lakes.  Briefly  con- 
siders coal,  artesian  wells,  clays,  cement, 
building  and  ilag  stones,  silver,  lead  and 
gold,  marble,  some  rare  metals  and  pe- 
troleum. 2500  w.  J\Iin  Wld — May  22, 
1909.     No.  4936. 

Crystallography. 

Peculiar  Crystalline  Forms  of  Minerals 
and  Metals.  Arthur  Lakes.*  Illustrated 
descriptions  of  interesting  specimens.  1500 
w.  Min  Wld — May  i,  1909.     Xo   4397. 
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Geological  Survey. 

The  Technologic  Branch  of  the  United 
States  Geological  Survey.  George  S.  Rice. 
An  illustrated  article  explaining  its  work 
and  aims,  and  describing  the  experimental 
plant  at  Pittsburg.  5000  w.  Mines  &  Alin — 
May,  1909.  No.  4476  C. 
Korea. 

Mining  in  Korea.  Abstract  of  a  consular 
report  by  Mr.  Sammons.  Considers  the 
mining  laws  and  regulations,  and  the  gold 
mines  and  placers  in  the  present  article. 
2500  w.  Min  Jour — May  15,  1909.  Serial, 
ist  part.    No.  4957  A. 


Ore  Deposits. 

The  Lead-Silver  Deposits  at  Newbury- 
port,  Massachusetts,  and  Their  Accom- 
panying Contact-Zones.  C.  H.  Claff  and 
W.  G.  Ball.  Gives  the  history,  topography, 
general  geology,  describing  ore  deposits 
and  their  origin.  3800  w.  Ec-Geol — April, 
1909.    No.  4672  D. 

United  States. 

Mines  and  Minerals  in  the  New  England 
States.  C.  W.  Kernpton.  Brief  illustrated 
description  of  ore  deposits  discovered. 
1200  w.  Min  Wld — May  i,  1909.  No. 
4399. 


RAILWAY  ENGINEERING. 


CONDUCTING    TRANSPORTATION. 

Signaling. 

Government  Report  of  Block  Signal 
Mileage.  Information  from  a  bulletin  re- 
cently issued  by  the  Interstate  Commerce 
Commission.  4000  w.  R  R  Age  Gaz — 
May  14,  1909.    No.  4658. 

Failures  of  Signal  Apparatus,  Reporting, 
Repairing,  Recording.  H.  S.  Balliet.  Ex- 
plains the  system  in  effect  on  the  electric 
division  of  the  N.  Y.  C.  &  H.  R.  railroad. 
3500  w.    Sig  Engr — May,  1909.     No.  4701. 

The  Appeal  of  the  Railway  Signal.  Brief 
explanation  of  the  principles  of  the  auto- 
matic signal  and  of  the  interlocking  sys- 
tem, describing  the  systems  discussed  at 
the  recent  Chicago  meeting  of  the  Ry. 
Sig.  Assn.  Ills.  1200  w.  Ry  &  Loc  Engng 
— May,  1909.     No.  4416  C. 

Electric  Train  Stafif  on  the  Southern 
Pacific.  An  account  of  this  system  and  its 
operation.  2500  w.  R  R  Age  Gaz — May 
21,  1909.     No.  4900. 

Recent  Practice  in  the  Interlocking  of 
Railway  Points  and  Signals  (Les  Procedes 
les  plus  recents  d'Enchenchements  des  Sig- 
naux  et  des  Aiguilles).  M.  A.  Moutier. 
Describes  the  mechanism  and  operation  of 
various  recent  types  of  signalling  appa- 
ratus. Ills.  8400  w.  Mem  Soc  Ing  Civ  de 
France — Feb.,  1909.     No.  4808  G. 

See   also    Signal   Lamps,   under   ELEC- 
TRICAL ENGINEERING,  Lighting. 
Train  Weights. 

The  Maximum  Weights  of  Slow  Freight 
Trains.  Discussion  of  C.  S.  Bissell's  paper. 
1000  w.    Pro  Am  Soc  of  Civ  Engrs — May, 
1909.    No.  51 1 1  E. 
MOTIVE  POWER  AND  EQUIPMENT. 

Air  Brakes. 

Leak  at  H6  Brake  Valve.  Explains  some 
air  brake  tests.  2500  w.  Ry  &  Loc  Engng 
— May,  1909.    No.  4420  C. 

Development  in  Air  Brakes  for  Rail- 
roads with  a  Brief  Review  of  Past  and 
Present    Operating    Conditions.       W.    V. 
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Turner  and  S.  W.  Dudley.  On  the  devel- 
opment and  present  state  of  the  air-brake 
art.  Also  discussion.  Ills.  45000  w.  Pro 
N  Y  R  R  Club— April  16,  1909.  No.  4756. 
Axle  Boxes.  ■ 

Questions  of  Economy  and  Improve- 
ment in  Axle  Boxes  for  Railway  Rolling 
Stock  (Einiges  zur  Verbesserung^-  und 
Wirtschaftlichkeitsfrage  der  Achsbiich- 
sen  der  Eisenbahn-Betriebsmittel.)  Herr 
Erdbrink.  An  exhaustive  and  elaborately 
illustrated  discussion.  8000  w.  Glasers 
Ann — April  15,  1909.  No.  5056  D. 
Car  Lighting. 

See  Hand  Lamps,  under  ELECTRICAL 
ENGINEERING,  Lighting. 
Electrification. 

Presidential  Address  before  the  Insti- 
tution of  Mechanical  Engineers.  John  A. 
F.  Aspinwall.  A  general  discussion  of  the 
electrification  of  steam  railways.  Ills. 
1 1000  w.  Inst  of  Mech  Engrs — April  23, 
1909.     No.  4558  N. 

Developments  in  Electrification  of  Rail- 
way Terminals.  H.  H.  Evans.  A  discus- 
sion of  the  advantages,  the  economies 
gained  and  the  factors  that  lead  to  elec- 
trification. General  discussion.  30000  w. 
Jour  W  Soc  of  Engrs — April,  1909.  No.  1 
4787  D. 

Discussion  on  "The  Log  of  the  New 
Haven  Electrification."  New  York,  Dec. 
II,  1908.  27000  w.  Pro  Am  Inst  of  Elec 
Engrs — May,    1909.     No.   4994   F. 

The  Electrification  of  the  Heysham, 
Alorecombe  and  Lancaster  Branch  of  the 
Midland  Railway.  Em.  Uytborck.  De- 
scribes the  various  installations,  calling  t 
tention  to  the  special  peculiarities.  Ills. 
S8oo  w.  Bui  Int  Ry  Cong — April,  1909. 
No.  4981  G. 
Freight  Cars. 

Four-Hopper  Steel  Coke  Car.  Illus- 
trated description  of  a  new  design  for  the 
Pennsylvania  R.  R.  800  w.  Am  Engr  & 
R  R  Jour — May,  1909.    No.  4421  C. 
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Locomotive  Boilers. 

Circulation  in  Locomotive  Boilers. 
Roger  Atkinson.  A  description  of  the 
movement  set  up  by  heat  and  the  ar- 
rangements that  have  been  tried  to  im- 
prove it.  1800  w.  Ry  &  Log  Engng — 
May,  1909.     No.  4419  C. 

Locomotive   Construction. 

The  Conditions  of  Locomotive  Build- 
ing in  the  United  States,  Germany  and 
France  (Note  sur  les  Conditions  de  Con- 
struction des  Locomotives  aux  Etats-Unis, 
en  Allemagne  et  en  France).  Marcel 
Bloch.  A  comparison  of  conditions  for 
rapid  and  cheap  locomotive  building.  15000 
w.  Rev  Gen  d  Chemins  de  Fer — April, 
1909.    No.  4822  G. 

Locomotive  Efficiency. 

See  Train  Speed,  under  Motive  Power 
AND  Equipment. 

Locomotive  Fireboxes. 

The  Jacobs-Shupcrt  Locomotive  Fire- 
box. Illustrated  detailed  description  of  a 
radical  departure  from  the  usual  construc- 
tion. Also  editorial.  3000  w.  R  R  Age 
Gaz — May  28,  1909.     No.  5047. 

Locomotive  Fuels. 

Lifluence  of  Ash  on  Value  of  Coal  in 
Locomotive  Service.  A.  Bement.  A  brief 
report  of  experiments,  introducing  a  dis- 
cussion of  this  subject.  4000  w.  Pro  W 
Ry  Club — April  20,  1909.     No.  4757  C. 

Locomotive  Oscillations. 

Locomotive  Oscillations  with  Respect  to 
the  Play  of  the  Springs  (Das  Wanken  der 
Lokomotiven  unter  Beriicksichtigung  des 
Federspieles).  J.  Jahn.  A  mathematical 
discussion.  Ills.  Serial,  ist  part.  5000  w. 
Zeitschr  d  Ver  Deutscher  Ing — April  3, 
1909.    No.  5070  D. 

Locomotive  Rating. 

Tonnage  Rating  and  Efficiency.  A.  W. 
Vestal.  A  discussion  of  the  influences  that 
must  be  considered  in  determining  the 
most  efficient  rating  of  engines.  1600  w. 
Ry  &  Loc  Engng — May,  1909.  N0.4417  C. 

Locomotive  Repairs. 

Locomotive  Repair  Shop  Practice. 
Ethan  Viall.  Illustrates  and  describes 
methods  used  in  the  Chicago  shops  of  the 
C.  &  N.  W.  Ry.  3300  w.  Mach,  N  Y— 
May,  1909.    No.  4424  C. 

Locomotives. 

A  New  Departure  in  Locomotive  Con- 
struction. Illustrates  a  novel  type  of 
steam  locomotive  using  liquid  fuel,  con- 
structed by  Arthur  Koppel  for  use  on  an 
industrial  railway.  500  w.  Sci  Am  Sup — 
May  29,  1909.     No.  5026. 

Pacific  and  Atlantic  Type  Locomotives. 
Illustrations,  elevations,  sections  and  de- 
scription of  engines  for  the  Northern  Pa- 
cific Ry.  1000  w.  Am  Engr  &  R  R  Jour — 
May,  1909.    No.  4422  C. 

4-6-0,  for  the  Chicago,  Milwaukee  & 
Puget  Sound  Railway.  Illustrated  descrip- 
tion of  engines  known  as  G-6,  for  hand- 


ling the  heaviest  and  fastest  passenger 
trains.  looo  w.  Ry  &  Loc  Engng — May, 
1909.     No.  4418  C. 

British  Locomotive  Building  From  evi- 
dence of  J.  F.  Robinson  before  the  Brit- 
ish Tariff  Commission.  Gives  informa- 
tion in  regard  to  the  export  trade,  raw 
materials,  standardization,  etc.  4400  w.  R 
R  Age  Gaz — May  7,  1909.     No.  4559. 

British  Locomotives  in  1908.  J.  F. 
Gairns.  A  review  of  the  designs  and  per- 
formance. Ills.  7900  w.  Bui  Int  Ry 
Cong — April,  1909.    No.  4980  G. 

Express  Passenger  Locomotives,  North- 
Eastern  Railway.  Plate  and  dimensions  of 
engines  for  heavy  express  traffic.  700  w. 
Engr,  Lond — April  23,  1909.     No.  4469  A. 

Express  Locomotive;  Paris-Orleans 
Railway  Company,  France.  Plate  and  il- 
lustrated detailed  description  of  engines 
for  fast  express  service  in  France,  built 
in  America.  2000  w.  Engng — April  30, 
1909.    No.  4624  A. 

The  New  2/5  Coupled  Express  Locomo- 
tive of  the  Prussian  State  Railways  (Die 
neuen  2/5-gekuppelten  Schnellzug-loko- 
motiven  der  Preussichen  Staatsbahn). 
Herr  Metzelfin.  Illustrated  description. 
Serial,  ist  part.  5000  w.  Zeitschr  d  Ver 
Deutscher  Ing — April  24,  1909.  No. 
5076  D. 
Locomotive  Speed. 

See  Speed  Indicators,  under  MECHAN- 
ICAL ENGINEERING,  Automobiles. 
Locomotive  Valve  Gears. 

American  Balanced  Valves.  Illustrates 
and  describes  two  designs, — one  is  a  flat 
slide  and  the  other  a  piston  valve.  1500 
w.     R  R  Age  Gaz — May  21,   1909.      No. 

4799- 
Motor  Cars. 

A  New  Type  of  Gasoline-Electric  Car. 
Illustrated  description  of  a  recent  design 
of  the  General  Electric  Co.  1000  w.  Elec 
Ry  Jour — May  29,  1909.     No.  5102. 

The  Maffei  Steam  Motor  Coach.  Il- 
lustrated description  of  a  motor  car  for 
the  Bavarian  state  railroads,  which  shows 
novel  features.  800  w.  Sci  Am  Sup — May 
15,   1909.     No.  4639. 

New  Stover  Motor  Car.    Illustrated  de- 
scription of  a  25-passenger  gasoline  mo- 
tor car  for  the  C,  R.  I.,  &  P.  Ry.    1000  w. 
Ry  &  Engng  Rev — May  8,  1909.  No.  4578. 
Shops. 

The  Railway  Workshops,  Ipswich.  O. 
Illustrated  description  of  the  equipment 
of  one  of  the  finest  of  modern  workshops 
in  Australasia.  1500  w.  Aust  Min  Stand 
— April  7,  1909.  No.  4620  B. 
Snow  Plows. 

See  Snow  Handling,  under  Permanent 
Way  and  Buildings. 
Train  Lighting. 

Train  Lighting  at  no  Volts  by  Turbo- 
Generator  on  Locomotives.  Illustrated  de- 
scription of  the  new  equipment  adopted 
on   the   suburban   trains   of  the   C,   B.   & 
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Q.  R.  R.    700  w.    Elec  Wld — April  8,  1909. 
No.  4432. 

Train  Resistance. 

Train  Resistance.  A.  Stucki.  Considers 
the  different  elements  entering  into  train 
resistance,  and  the  conditions  under  which 
each  will  appear.  2500  w.  R  R  Age  Gaz — 
May  7,   1909.     No.  4562. 

Train  Speed. 

A  Simple  Method  of  Determining  Train 
Speed  from  Locomotive  Efficiency  (Ueber 
ein  einfaches  Verfahren  zur  Ermittlung 
der  Fahrzeiten  der  Eisenbahnziige  nach 
der  Leistungsfahigkeit  der  Lokomotiven). 
Erwin  Lihotzky.  A  mathematical  demon- 
stration. Ills.  Serial,  ist  part.  2000  w. 
Zeitschr  d  Oest  Ing  u  Arch  Ver — April  9, 
1909.     No.  4891  D. 

Wheels. 

Car  Wheel  Forging  and  Conditions  of 
Steel  for  High  Service.  Jas.  H.  Baker. 
Illustrates  and  describes  methods,  explain- 
ing their  advantages.  General  discussion. 
8000  w.  Pro  Engrs'  Soc  of  W  Penn — 
April,  1909.     No.  4554  D. 

NEW  PROJECTS. 

Canadian  Pacific. 

Sudbury-Kleinburg  Branch  6f  the  Cana- 
dian Pacific.  F.  S.  Darling.  A  new  line  in 
the  Georgian  Bay  region  of  Ontario  is 
illustrated  and  described,  and  information 
given  concerning  conditions.  1600  w.  R 
R  Age  Gaz — May  14,  1909.  No.  4659. 
Chile. 

The  Arica-La  Paz  Railway.  Illustrated 
description  of  a  proposed  line  between 
Chile  and  Bolivia,  presenting  engineering 
features  of  great  interest.  1500  w.  Engr, 
Lond — April  30,  1909.  No.  4630  A. 
England. 

The  Kingsbury  and  Water  Orton  Rail- 
way. Illustrated  description  of  a  new  line 
recently  opened  by  the  Midland  Railway 
Co.,  England.  2000  w.  Engr,  Lond — 
May  7,  1909.     No.  4730  A. 

PERMANENT   WAY  AND   BUILDINGS. 
Coaling  Plants. 

A  Large  Concrete  and  Timber  Coal 
Pocket.  Illustrated  description  of  coal 
pockets  for  the  Philadelphia  &  Reading 
Ry.  at  Philadelphia.  1500  w.  Eng  Rec — 
May  8,  1909.  No.  4574. 
Construction. 

Railway  Construction  Notes.  F.  Pardoe 
Wilson,  Suggestions  in  regard  to  earth 
shrinkage  and  overhaul,  and  the  use  of 
graders  and  steam  shovels  on  railroads. 
Diagrams.  2000  w.  Can  Soc  of  Civ  Engrs 
—April  15,  1909.    No.  4531  N. 

Hydraulic  Construction  of  Large  Em- 
bankments on  the  Chicago,  Milwaukee  & 
Puget  Sound  Ry.  Illustrated  detailed  de- 
scription of  this  work.  4000  w.  Eng 
News — May  27,   1909.     No.  5017. 

Temporary  Work  on  the  Canadian  Pa- 
cific Railway.     J.  Grant  MacGregor,     Il- 


lustrates   and    describes    temporary    work 
employed    during    construction.    4500    w. 
Can  Engr — May   14,   1909.     No.  4674. 
Crossing  Gates. 

See   same  title,   under   STREET  AND 
ELECTRIC  RAILWAYS. 
Crossings. 

•  The  Protection  of  Grade  Crossings. 
Gives  particulars  as  to  British  practice  in 
the  protection  of  highway  and  railway 
grade  crossings,  suggesting  remedies  for 
evils  in  Canada.  Ills.  2500  w.  Can  Engr 
— May  21,  1909.  No.  4915. 
Curves. 

A  Discussion  of  Spiral  Curves,  Dis- 
cusses formulae  of  the  measurement  of 
spirals  and  their  faults.  2500  w,  Eng  Rec 
— May  15.  1909.     No.  4689. 

The  Maintenance  of  the  Track  at  Curves, 
Mr.  Weikard.  Trans,  from  Organ  fur  die 
Fortschritte  dcs  Eiscnbahnzvescns.  Dis- 
cusses the  cause  of  irregularity  of  curves. 
1400  w.  Bui  Int  Ry  Cong — April,  1909. 
No.  4982  G. 
Rail   Fastenings. 

Screw  Spikes  and  Improvements  in  Rail 
Fastenings.  Abstract  of  W.  C.  Cushing's' 
paper  in  a  bulletin  issued  by  the  Am.  Ry. 
Engng.  &  Main,  of  Way  Assn.,  with  edi- 
torial discussion.  Ills.  7000  w.  Eng 
News — May  20,  1909.  No.  4778. 
Rails. 

Comparative  Rail  Specifications.  Gives 
in  parallel  columns  five  specifications  for 
Bessemer  and  open  hearth  steel  rails 
brought  up  to  date,  with  editorial.  9500 
w.    R  R  Age  Gaz — May  21,  1909.  No.  4798. 

A  Reliable  Steel  Rail  and  How  to  Make 
It.  James  E.  York.  Considers  the  causes 
of  poor  quality  and  how  a  reliable  quality 
can  be  made.  Illustrates  the  York  mills 
for  solidifying  ingots,  and  for  rolling 
rails.  4500  w,  Bui  Am  Inst  of  Min  Engrs 
—May,  1908.    No.  5002  F. 

Titanium  Alloy  in  Rails  and  CarWheels. 
Charles  V.  Slocum.  Information  concern- 
ing the  remarkable  improvement  which 
titanium  gives  to  steel  and  iron.  Discus- 
sion. 6500  w.  Pro  Ry  Club  of  Pittsburg — 
April  23,  1909.  No.  4913  C. 
Snow  Handling. 

Methods  of  Snow-Fighting  on  Rail- 
roads. A,  W.  Wheatley.  Read  before  the 
Can.  Ry.  Club.  Discusses  methods  of 
keeping  the  railroad  open,  describing  the 
rotary  snow-plow  and  its  operation.  2500 
w.  Engng-Con — May  26,  1909.  No.  5045. 
Stations. 

Railway  Facilities  at  Nottingham.  Re- 
views the  stations  that  have  been  in  ser- 
vice in  this  English  city,  describing  partic- 
ularly the  Victoria  and  the  Midland  sta- 
tions recently  built.  Plans.  2800  w,  Engr, 
Lond — April  30,  1909,    No.  4631  A, 

The  Development  and  Present  Trans- 
formation of  Railway  Facilities  in  Cologne 
(Die  Entwicklung  und  gegenwartige  Um- 
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gestaltung  der  Bahnanlagen  in  Coin). 
Hcrr  Wicnecke.  Reviews  improvements 
to  stations  and  yards.  Ills.  8000  w. 
Glasers  Ann — April  i,  1909.     No.  5055  D. 

Terminals. 

New  York  Passenger  Terminal,  Cen- 
tral R.  R.  of  New  Jersey.  Interesting 
features  of  the  new  terminal  at  the  foot 
of  Liberty  St.  are  illustrated  and  de- 
scribed. 2500  w.  Eng  Rec — May  22,  1909. 
No.  4924. 

Tie  Rods. 

A  Suggestion  for  Tie  Rods.  H.  Herden. 
Describes  the  proposed  use  of  rods  to  pre- 
vent the  spreading  of  rails,  explaining  the 
advantages  claimed.  Ills.  1500  w.  R  R 
Age  Gaz — May  21,  1909.     No.  4901. 

Track  Maintenance. 

See  Curves,  under  Permanent  Way 
AND  Buildings. 

TRAFFIC. 

Car  Efficiency. 

A.  R.  A.  Report  on  Car  Efficiency.  Ex- 
tracts from  the  report  presented  May  19, 
at  the  New  York  meeting.  2000  w.  R  R 
Age  Gaz — May  28,  1909.     No.  5049. 

Car  Interchange. 

Report  of  Committee  of  the  Railway 
Club  of  Pittsburgh  on  Revision  of  M.  C. 
B.  Rules  of  Interchange.  Gives  the  changes 
recommended,  with  discussion.  loooo  w. 
Pro  Ry  Club  of  Pittsburgh— March  26, 
1909.    No.  4527  C. 

Freight. 

Traffic  Studies.  Ray  Morris.  This  first 
article  of  a  series  deals  with  the  traffic 
on  the  lines  of  the  Oregon  Railroad  & 
Navigation  Company.  2800  w.  R  R  Age 
Gaz — May  7,  1909.  Serial,  ist  part.  No. 
4561. 
Freight  Rates. 

Railway  Rate  Making  in  Practice.  Wil- 
liam Z.  Ripley.  Discusses  problems  to  be 
solved  in  the  development  of  a  rate  sheet'. 
Diagrams.  3300  w.  R  R  Age  Gaz — May 
7,  1909.  Serial,     ist  part.    No.  4560. 

Transcontinental  Freight  Rates.  Edito- 
torial  discussion  of  the  charges  against  the 
present  system,  and  the  possible  remedies. 
3500  w.  R  R  Age  Gaz — May  14,  1909. 
No.  4656. 
Passenger  Rates. 

The  Passenger  Rate  of  the  American 
Railway.  William  S.  Bronson.  This  first 
article  of  a  series  gives  an  explanation  of 
the  rates  of  fare  generally  in  use.  1700  w. 
R  R  Age  Gaz — May  28,  1909.  Serial,  ist 
part'.    No,  5048. 

MISCELLANY. 
Alaska. 

Railroads  of  the  Copper  River  District, 
Alaska.  H.  S.  Taylor.  Map  and  descrip- 
tion of  the  various  projects,  the  region, 
and  the  development  work.  2500  w.  Min 
Wld— May    15,    1909.     No.   4698. 


Australia. 

Government  Railways  in  Australia.  G. 
II.  Knibbs.  Discusses  the  desirability  of 
improved  statistics.  1300  w.  Aust  Min 
Stand — March  24,  1909.  Serial,  ist  part. 
No.  4513  B. 

England. 

English  Railways.  William  Wickham 
Turlay.  Begins  a  study  of  features  of 
English  railways,  considering  in  the  pres- 
ent article  the  protection  from  accidents. 
1 100  w.  R  R  Age  Gaz — May  7,  1909. 
Serial,    ist  part'.    No.  4563. 

France. 

The  Construction  of  Railways  in  De- 
partment of  the  Cher  (Notice  sur  la  Con- 
struction des  Chemins  de  Fer  departemen- 
taux  du  Cher).  M.  Mayer.  Reviews  the 
financial,  traffic  and  engineering  problems 
connected  with  building  165  kilometres  of 
lines  of  local  interest  in  this  part  of 
France.  Ills.  16000  w.  Ann  d  Ponts  et 
Chaussees — 1909-I.  No.  481 1  E  +  F. 
India. 

Light  Railways  in  India.  Percy  F.  Alar- 
tin.  The  present  article  shows  the  need 
of  short  branch  railways,  explains  the  con- 
ditions, and  matters  relating  to  the  prob- 
lems of  their  construction.  2500  w.  Engr, 
Lond — April  23,  1909.  Serial,  ist  part.  No. 
4466  A. 
Italy. 

The  Development  of  Railways  in  Italy 
in  Relation  to  the  National  Economic  De- 
velopment (Lo  Sviluppo  delle  Strade  fer- 
rate in  Italia  esaminato  in  Relazione  al 
Progresso  economico  nazionale).  A.  Gul- 
lini.  Ills.  Serial,  ist  part.  8000  w.  Ing 
Ferro — April  16,  1909.  No.  4850  D. 
Long  Island. 

The  Long  Island.  Editorial  review  of 
conditions  of  a  road  whose  business  is 
largely  suburban  service,  and  of  the  means 
being  tried  to  put  the  road  on  a  profitable 
basis.  1200  w.  R  R  Age  Gaz — May  14, 
1909.  No.  4657. 
Management. 

Organization.  H.  Wade  Hibbard.  Dis- 
cusses organization  conducive  to  harmoni- 
ous action  in  railway  management.  4500 
w.  Pro  St'.  Louis  Ry  Club — April  9,  1909. 
No.  4543. 

The  Operating  Organization  of  the 
Union  Pacific  and  Southern  Pacific  Sys- 
tems. Julius  Kruttschmitt.  From  a  paper 
read  before  the  N.  Y.  R.  R.  Club.  Gives 
a  chart  showing  in  detail  the  organization, 
giving  also  full  particulars  and  statistics. 
Inset.  7000  w.  R  R  Age  Gaz — May  28, 
1909.     No.  5046. 

Methods  of  the  Santa  Fe :  Efficiency  in 
the  Manufacture  of  Transportation. 
Charles  Buxton  Going.  This  fourth  article 
of  a  series  deals  with  the  administration, 
supervision  and  extension  of  the  bonus 
system.  5000  w.  Engineering  Magazine — 
June,  1909.     No.  4984  B. 
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Car  Bams. 

Large  New  Car  House  of  Chicago  City- 
Railway.  Illustrated  detailed  description 
of  the  constructional  features.  3500  w. 
Elec  Ry  Jour— May  8,  1909.    No.  4536. 

Car  Maintenance. 

Piece-Work  Rates  Used  by  the  'Third 
Avenue  Railroad  Company,  New  York. 
Explains  the  use  of  this  system  for  car- 
maintenance  work,  giving  rates  for  differ- 
ent contracts.  2000  w.  Elec  Ry  Jour — 
May   15,   1909.     No.  4651. 

Rolling  Stock  Standardization  in  Brook- 
lyn— Records  and  Forms.  Explains  the 
use  of  the  record  system  in  car  mainten- 
ance, the  bases  of  inspection  and  repair, 
etc.  3500  w.  Elec  Ry  Jour — May  29,  1909. 
Serial,     ist  part.     No.  5000. 

Car  Ventilation. 

Results  of  a  Study  of  Car  Ventilation 
in  Chicago.  Gives  ventilation  experiments 
made  by  J.  F.  Biehn  and  J.  B.  Gooken, 
with  brief  descriptions  of  systems  tested 
and  results.  3500  w.  Elec  Ry  Jour — May 
8,  1909.     No.  4538. 

Crossing  Gates. 

An  Automatic  Grade-Crossing  Gate.  J. 
B.  van  Brussel.  Brief  illustrated  descrip- 
tion of  a  crossing  gate  for  electric  rail- 
ways, installed  near  Montreux,  on  Lake 
Geneva.  600  w.  Eng  News — May  20,  1909. 
No.  4782. 

Direct  Current. 

Electric  Traction  by  Constant  Intensity 
Continuous  Current  (Sur  la  Traction  par 
le  Courant  continu  a  Intensite  constante). 
J.  Bourdel.  An  illustrated  discussion  of 
the  system.  7800  w.  Bui  Soc  Int'  des 
Elecns — April,  1909.     No.  4817  F. 

Locomotives. 

Experimental  Electric  Locomotive.  Il- 
lustrated description  of  a  design  for  the 
purpose  of  trying  a  scheme  of  transmitting 
power  to  the  drive  wheels  through  side 
rods ;  also  editorial.  2200  w.  Ry  &  Engng 
Rev — May  15,  1909.    No.    4740. 

A  New  Side-Rod  Electric  Locomotive. 
Illustrated  description  of  a  novel  type  re- 
cently built  and  tested.  1500  w.  Elec  Ry 
Jour — May  8,  1909.     No.  4537. 

The  F  4/4  Electric  Locomotives  on  the 
Simplon  Railway  (Die  elektrischen  F  4/4- 
Lokomotiven  am  Simplon).  E.  Thomann 
and  K.  Schnetzler.  Illustrated  detailed 
description.  Serial.  ist  part.  4400  w. 
Zeit'schr  d  Ver  Deutscher  Ing — April  17, 
1909.    No.  5074  D. 

London. 

The  Electrical  System  of  the  L.  C.  C. 
Tramways.  Abstract  of  J.  H.  Rider's 
paper  before  the  Inst,  of  Elec.  Engrs.  Il- 
lustrated description  of  the  electric  power 


supply.     3500  w.     Elec  Rev,  Lond — April 
30,  1909.    Serial,    ist  part-    No.  4601  A. 
Motor  Suspension. 

Motor  Suspension  on  Electric  Cars  (Die 
giingstigste  Motoraufhangung  bei  elek- 
trischen Fahrzeugen).  G.  Brecht.  A 
discussion  of  the  factors  influencing  the 
location  of  the  motor.  Ills.  2500  w.  Elek 
Kraft  u  Bahnen — April  3,  1909.  No. 
5061  D. 
Paris. 

The  Metropolitan  of  Paris  (Le  Chemin 
de  Fer  Metropolitan  de  Paris).  R.  God- 
fernaux.  A  review  of  recent  developments. 
Ills.  14000  w.  Rev  Gen  d  Chemins  de  Fer 
— April,  1909.  No.  4823  G. 
Rawtenstall. 

Rawtenstall  Corporation  Tramways.    Il- 
lustrated description  of  English  tramways 
recently  opened.     Map.    3000  w.    Tram  & 
Ry  Wld— May  6,  1909.     No.  4954  B. 
Single-Phase. 

Conversion  of  New  Canaan  Branch 
from  500- Volt  D.  C.  to  11,000- Volt  A.  C. 
Operation.  Brief  illustrated  description  of 
the  line  and  rolling  stock  on  the  branch 
from  Stamford  to  New  Canaan,  Conn.  800 
w.  Elec  Ry  Jour — May  15,  1909.  No. 
4650.  ^      _ 

The  Application  of  Single-Phase  Cur- 
rent to  the  Borinage  Railway  (Applica- 
tion du  Courant  monophase  au  Chemin  de 
Fer  vicinal  du  Borinage).  P.  Rodigas. 
Illustrated  description  of  the  lines,  equip- 
ment, etc.  Soc  Beige  d'Elecns — Aprils, 
1909.  No.  4815  E. 
Subways. 

Extensive  Engineering  Undertaking.  In- 
formation from  the  report  of  the  Royal 
Commission  appointed  by  the  Government 
of  New  South  Wales  to  suggest  the  best 
practical  method  of  establishing  direct 
communication  between  the  northern  and 
southern  sides  of  Sydney  Harbor.  Re- 
commends an  electric  tube  railway.  Map. 
2500  w.  Aust  Min  Stand — April  7,  1909. 
No.  4619  B. 

Electrical  Equipment  of  the  Washing- 
ton Street  Subway,  Boston.  Illustrated 
description  of  the  arrangements  for  the 
supply  of  power  and  lighting.  3000  w.  Elec 
Ry  Jour — Mav  22,  1909.  No.  4795. 
Test  Cars. 

An  Electric  Street  Railway  Test  Car 
(Ein  elektrischer  Strassenbahnmesswag- 
en).  R.  Shoengarth.  Illustrated  descrip- 
tion of  the  car  used  in  Cologne  and  its 
equipment.  1600  w.  Elek  Kraft  u  Bahnen 
— April  3,  1909.  No.  5062  D. 
United  States. 

Peculiarities  of  Electric-Railway  Prac- 
tice in  the  United  States  (Die  elektrischen 
Bahnen  der  Vereinigt'en  Staaten  und  ihre 
Eigenheiten).  Eugen  Eichel.  Discusses 
points  of  difference  from  Continental 
practice.  Ills.  2000  w.  Elek  Kraft  u 
Bahnen — Feb.  24,   1909.     No.  4803  D. 
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MACHINE-TOOL  PRACTICE   FOR  MAXIMUM 

PRODUCTION 

By  Cliarlcs  Day. 

The  article  under  the  above  title  in  the  July  issue  summarized  present  practice  regarding 
certain  of  the  principal  factors  that  have  revolutionized  the  art  of  metal  working  and 
methods  of  shop  administration.  It  was  stated  that  the  knowledge  acquired  concerning  the 
requirements  of  the  work  and  properties  of  the  cutting  tool,  together  with  the  standardiza- 
tion of  many  shop  details,  is  but  just  forming  a  thoroughly  sound  basis  for  machine-tool 
design  and  operation.  This  installment  will  consider  matters  bearing  more  specifically 
upon  the  design,  construction,   and  operation  of  machine  tools. — The  Editors. 

IT  must  be  remembered  that  in  order  to  secure,  during  practical 
Operation,  the  highest  efficiency  of  the  machine  tools  described 
below,  the  small-tool  equipment  must  be  properly  cared  for 
and  a  system  of  management  enforced  that  provides,  for  each  opera- 
tor, directions  concerning  the  adjustments  of  his  machine  for  various 
jobs,  and  that  also  assures  continuous  movement  of  the  parts  to  be 
machined  until  they  are  finished. 

I  preface  this  article  with  the  foregoing  remarks,  as  machine-tool 
design  is  no  longer  confined  to  a  mere  knowledge  of  the  principles  of 
mechanics  and  the  properties  of  materials,  any  more  than  the  services 
of  the  industrial  engineer,  engaged  to  prepare  plans  for  a  new 
machine-shop  building,  have  to  do  only  with  the  structural  and  archi- 
tectural details  that  ultimately  compose  the  building  plans.  An  under- 
standing of  the  fundamental  laws  underlying  pure  machinery  design 
(which  as  a  matter  of  fact  are  useful  only  provided  the  work  to  be 
done  can  be  accurately  defined)  is  constantly  becoming  the  more 
simple  part  of  the  total  information  that  is  necessary  for  the  designer 
to  possess,  especially  as  these  laws  are  expressed  in  mathematical 
formulae  and  permit  of  only  one  interpretation.  Tt  is  rather  his  grasp 
of  the  more  subtle  considerations  arising  through  a  knowledge  of  the 
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subjects  considered  in  the  previous  paper  that  measures  his  abiUty  to 
cope  successfully  with  the  problems  modern  conditions  have  intro- 
duced. The  men  who  lead  in  this  field  have  good  insight  into  the 
readiness  of  those  who  purchase  machine  tools  to  adopt  departures  in 
design  and  methods  of  operation  that  make  for  greater  output,  and 
one  of  the  principal  problems  with  which  they  are  confronted  is  to 
educate  the  trade  as  rapidly  as  they  can  perfect  their  machines. 

The  questions  before  us  may  be  properly  divided  under  two  head- 
ings ;  first,  the  definition  of  range  and  character  of  work  to  be  per- 
formed ;  second,  design  and  construction  suitable  for  the  fulfilment 
of  specified  requirements. 

Radical  .changes  in  design  have  been  brought  about  principally 
through  the  efforts  of  machine-tool  builders  to  meet  given  require- 
ments in  a  more  efficient  manner  by  limiting  the  range  of  usefulness 
of  their  machines,  and  secondarily,  after  the  duty  has  been  fixed,  to 
provide  m^eans  that  will  permit  of  the  most  efficient  utilization  of  the 
high-speed  steels.  It  is  obvious  that  the  designer  must  be  guided 
almost  wholly  by  his  own  judgment  when  arriving  at  a  decision  con- 
cerning the  range  of  work  that  a  given  machine  should  handle.  Much 
more  definite  data,  however,  are  available  concerning  the  performance 
of  cutting  tools,  for  the  records  that  have  been  secured  and  the  stan- 
dards that  have  been  established  by  machine-tool  builders  and  the 
concerns  manufacturing  tool  steel  are  now  so  complete  that  their 
maximum  capabilities  can  be  foretold  within  reasonable  limits. 

The  relations  existing  between  cutting  speed,  feed,  depth  of  cut, 
and  power  requirements  for  various  machining  operations  with  high- 
speed tools  when  working  upon  different  kinds  of  materials,  are  now 
so  well  understood  that  slide  rules  have  been  made  which  greatly 
facilitate  accurate  work  of  design.  The  bearing  these  factors  have 
upon  the  power  demand  was  referred  to  briefly  in  the  preceding 
article  under  the  heading  of  motor  drives. 

Mr.  Fred  W.  Taylor's  admirable  treatise  entitled  ''The  Art  of 
Cutting  Metals"  is  deserving  of  the  most  careful  study  upon  the  part 
of  machine-tool  designers,  for  it  not  only  contains  data  that  are  of 
immediate  usefulness,  but  points  the  way  for  further  advances 
through  the  continuance  of  experimental  work  in  the  same  thorough 
and  scientific  manner.  The  metallurgical  side  of  the  subject  should 
also  be  farniliar  to  those  directly  engaged  in  the  advancement  of  ma- 
chine-shop practice,  and  its  present  status  is  well  covered  by  Mr.  O. 
M.  Becker  in  his  articles  that  recently  appeared  in  this  magazine. 

As  a  result  of  the  thorough  study  given  to  all  of  the  foregoing 
matters,  there  is  a  marked  tendency  toward  the  grouping  of  machine 
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FIG.    I,       LASSITER    AUTOMATIC    NUT-TAPPING    MACHINE. 

tools  into  three  broad  classes  ;  i,  fully  or  partially  automatic  machines  ; 
2,  machines  of  small  range  with  limited  functions ;  and  3,  machines  of 
broad  usefulness  characterized  by  the  perfected  designs  of  older 
types. 

The  full  automatic  machine  tool  reaches  the  highest  efficiency  in  so 
far  as  facility  of  operation  enters  in,  and  this  is  a  matter  of  much 
more  importance  than  formerly  as  the  knowledge  of  the  most  efficient 
method  of  performing  each  of  possibly  a  great  number  of  operations, 
necessitates  constant  changes  in  feeds  and  speeds.  The  Lassiter  au- 
tomatic nut-tapping  machine  (Figure  i)  is  one  of  the  most  recent 
examples  of  this  type.  It  is  hardly  necessary  to  point  out  that  except 
for  the  general  attention  that  must  be  given  to  any  automatic  machine, 
it  is  necessary  for  the  attendant  only  to  put  the  nut  blanks  into  the 
receiving  hopper  and  take  away  the  finished  product.  One  of  these 
machines  in  the  Schenectady  works  of  the  American  Locomotive 
Company  operated  during  a  week's  run  at  the  rate  of  12,000  3''2 -inch 
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FIG.    2.       FllCHBLTRG    LO-SWING   LATHE. 

nuts  in  ten  hours,  and  in  the  same  period  10,000  nx^-inch  nutS.  The 
machine  in  question  is  designed  to  tap  and  ream  nuts  up  to  i^  inch. 
Of  course,  if  one  of  the  spindles  is  reaming  and  the  other  tapping  the 
above  output  would  be  halved. 

The  field  of  usefulness  and  efficiency  of  the  full  automatic  ma- 
chines made  by  the  Brown  &  Sharpe  Manufacturing  Company,  the 
National  Acme  Manufacturing  Company,  and  others  is  so  well  un- 
derstod  as  not  to  require  emphasis  here.  The  same  holds  true  of  the 
semi-automatic  machines  of  the  Jones  &  Lamson,  Potter  &  Johnson 
and  Gisholt  types,  for  all  these  have  demonstrated  their  efficiency 
beyond  question  of  doubt. 

The  *'Lo-Swing"  lathe  (Figure  2)  built  by  the  Fitchburg  Machine 
Works  is  a  good  illustration  of  the  class  of  machines  designed  for  a 
small  range  of  work  and,  in  this  case,  for  the  performance  of  but  a 
single  function,  namely,  turning  on  centers.  The  maximum  diameter 
of  work  that  it  will  handle  is  3^/2  inches,  and  it  is  not  available  for 
chucking  work  or  for  screw  cutting  or  any  purpose  other  than  plain 
turning.  This  limitation  of  duty  permits  of  very  great  rigidity  of 
construction,  a  condition  necessary  for  the  performance  of  accurate 
work  at  high  speed.  Space  will  not  allow  of  the  description  of  in- 
teresting points  that  this  lathe  incorporates,  such  as  the  manner  of 
rigidly  supporting  the  work,  the  tool  carriages,  etc.  It  is  now  gener- 
ally conceded  that  the  maximum  output  of  a  lathe  is  secured  by  taking 
the  coarsest  feed  consistent  with  the  work  to  be  done,  and  owing  to 
the  limited  range  of  the  Lo-Swing  design  combinations  of  feed  and 
speed  can  be  had  that  rc]^:'resent  almost  maximum  efficiency  for  any 
possible  condition.     The  driving  mechanism  is  designed  to  provide 
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power  necessary  for  the  j^crformance  of  any  reas(jnablc  nnij^liing 
work  falling  within  the  lathe's  capacity,  so  that  tlie  cutting  tool  has 
been  made  the  limiting  factor. 

The  value  of  narrowing  down  the  available  range  of  work  can  be 
illustrated  by  citing  certain  performances  of  a  Lo-Swing  lathe.  Cam 
shafts  having  eight  cams  and  one  gear  to  each  shaft  (for  four-cyl- 
inder gas  engines  for  automobile  operation)  were  turned  from  the 
solid  steel  bar  in  one  hour  each,  four  tools  being  operated  at  the  same 
time.  The  record  for  this  job  w^Iien  done  on  an  engine  lathe  was 
several  times  as  long.  In  another  instance  cast-steel  steering  knuckles 
used  on  automobiles  were  turned  and  the  shoulders  faced  at  the  rate 
of  200  per  day  of  10  hours,  or  3  minutes  each.  Ordinarily  these  parts, 
if  machined  on  the  usual  type  of  engine  lathe,  would  require  about 
10  to  15  minutes  apiece.  In  both  cases  the  work  was  done  without  the 
use  of  any  special  tools  or  attachments  other  than  those  furnished 
with  the  machine.  I  re- 
gret that  it  is  not  pos- 
sible to  include  detail 
dimensions  of  the  parts 
referred  to. 

The  Lassiter  straight 
or  taper  bolt- turning 
machine  (Figure  3) 
was  also  designed  for 
a  limited  range  of  work 
and  for  a  specific  func- 
tion. Latest  practices 
have  been  taken  advan- 
tage of  and  its  output, 
in  practical  everyday 
production,  of  1,762  ^- 
inch  to  %-inch  taper 
bolts  4  inches  long  in 
10  hours  (spindle  speed 
75  revolutions  and 
5/32-inch  feed  ])er  rev- 
olution) and  304  2-inch 
bolts  16  inches  long  in 
the  same  time  (spindle 
speed  40  revolutions 
and  feed  s/S^-inch  per 

.        .         .  l'"l(..    3.     J-ASSITKK    STKAU;HT    AM)   TAPKK    i!01/r-TLKM NG 

revolution)  are  a  good  machine 
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indication  of  the  ef- 
ficiency of  the  re- 
sult. The  foregoing 
production  is  se- 
cured by  roughing 
on  two  spindles  and 
finishing  on  the  two 
others. 

The  single-purpose 
principle  is  also  ex- 
emplified for  ma- 
chines of  a  much 
larger  class  by  the 
Niles  ingot  -  slicing 
lathe  (Figure  4).  It 
is  provided  with  six- 
teen cutting  tools, 
eight  on  the  front 
and  eight  on  the  rear 
of  the  machine,  and 
each  pair  of  front 
and  rear  tools  work 
in  the  same  cut  or 
groove,  the  rear  tool 
cutting  out  a  nar- 
rower groove  than 
the  front  one.  The 
machine  is  designed 
to  handle  ingots  up 
to  24  inches  diame- 
ter and  the  range  of 
spindle  speeds  is  1.6 
to  18  revolutions  per 
minute.  Its  gross 
weight  is  about  iio,- 
000  pounds  exclu- 
sive of  motor  drive. 
The  builders  recom- 
mended a  90  horse 
power  motor  of  the 
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FIG.    5.      LODGE   &    SHIPLEY    30-INCH    PATENT    HEAD   LATHE. 

direct-current  type  with  a  speed  variation  of  two  to  one.  The  func- 
tion of  this  machine  is  made  clear  by  the  ilkistration,  and  its  massive 
design  is  indicative  of  the  service  to  which  it  is  subjected. 

The  above  ilkistrations  were  included  principally  to  emphasize 
the  importance  of  the  initial  definition  of  work  to  be  handled  as  a 
factor  in  the  design  of  machine  tools  for  maximum  production.  Al- 
most any  work  can  be  economically  performed  upon  full  automatic 


FIG.    6.       PRATT    &    WHITNEY    16-INCH    MOTOR- DRIVEN    ENGINE    LATHE- 
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machines  provided  the  same  operations  can  be  repeated  a  great 
number  of  times.  Modern  practice,  however,  has  made  it  possible  to 
curtail  greatly  the  machine  time  for  many  parts  that  are  made  in 
limited  numbers  only. 

There  v/ill  always  be  a  field  of  usefulness  for  machines  of  all 
classes  designed  for  a  wide  range  of  work,  because  in  many  shops 
little  opportunity  for  duplication  exists  and  for  the  performance  of 
work  upon  large  parts  highly  specialized  machines  can  rarely  be 
kept  sufficiently  busy  to  justify  the  large  investment  charges.     The 


FIG.    7.       BULL4RD    24-lNCH    VERTICAL    TURRET    LATHE. 
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macliincs  illustrated  by  Figures  5  to  20  inclusive  serve  to  exeni])lify 
the  advance  that  has  been  made  in  machines  of  standard  types  with- 
out curtailing  the  range  of  work  that  can  be  accommodated. 

The  Lodge  &  Ship- 
ley belt-driven  lathe 
(Figure  5,  page  73 ij 
was  selected  for  the 
purpose  of  exem])lify- 
ing  the  type  adapted  to 
the  broadest  conditions, 
as  opposed  to  the  sin- 
gle-purpose lathe.  The 
replacement  of  the 
cone-pulley  drive  by 
the  change-gear  trans- 
mission wliich  has  been 
so  generally  effected  in 
machines  of  all  types  is 
well  illustrated  by  the 
patent  head  wdiich 
readily  transmits  power 
for  maximum  demands 
and  in  conjunction  with 
the  countershaft  a  con- 
sistent number  of  speeds  can  be  secured.  In  addition,  one  of  the  most 
desirable  features  of  this  type  of  transmission  is  that  it  necessitates 
a  minimum  effort  upon  the  part  of  the  operator  wdien  changing  speeds, 
and  it  thus  represents  a  great  advance  over  the  step-cone  pulley  drive. 

This  problem  of  facility  of  operation  is  most  difficult  to  solve  for 
machines  suited  to  a  wide  range  of  work,  although  very  great 
progress  has  been  made  during  recent  years.  It  is  an  especially  im- 
portant matter  for  large  machines  as  the  unit  charge  for  setting  up 
and  taking  down  work  is  i)roportionally  large  on  account  of  the  high 
qiachine-hour  rate.  It  is  in  this  regard  that  the  standardization  of  tee 
slots,  clamping  bolts,  blocking,  and  special  means  for  handling  heavy 
parts  plays  such  an  important  function. 

The  16-inch  motor-driven  engine  lathe  built  by  the  Pratt  & 
Whitney  Company  (Figure  6)  is  a  good  example  of  the  latest  practice 
in  small  lathe  construction. 

An  excellent  illustration  of  machines  designed  for  a  wide  range 
of  duty  is  the  Bullard  vertical  turret  lathe  described  by  the  Bullard 
Machine  Tool  Company  as  ''A  multi-purpose  machine  tool  of  almost 


FIG. 


BULLARD  VERTICAL  TURRET  LATHE  SET   UP  FOR 
A  JOB. 
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universal  adaptability  for  pieces  coming  within  its  range."  The  24- 
inch  machine  is  shown  in  Figure  7,  and  the  setting  of  the  tools  for  a 
given  job  by  Figure  8.  Although  this  vertical  turret  lathe  accommo- 
dates a  very  great  variety  of  work,  and  a  considerable  range  in  sizes, 
efficiency  has  by  no  means  been  sacrificed,  but  rather  has  the  opposite 
result  been  brought  about  through  a  design  that  permits,  in  some 
cases,  of  the  simultaneous  operation  of  four  tools  on  a  single  piece 
and  that  minimizes  idle  time  through  the  facility  afforded  when 
making  adjustments.  The  single-column  box  construction  with  broad 
base,  well  ribbed  throughout,  is  suited  to  resist  strains  and  eliminate 
the  chatter  which  is  so  destructive  to  the  cutting  tool.  The  con- 
venience of  the  gear  change  drive  is  taken  advantage  of  to  the  full. 


FIG.    9.       OPERATIONS    PERFORMED    ON    CAST-IRON    PISTON    HEAD    WHEN    MACHINED    ON 

BULLARD    VERTICAL    TURRET    LATHE. 


Fifteen  table  speeds  arranged  in  geometrical  progression  can  be  se- 
cured without  stopping  the  driving  pulley  and  a  brake  is  used  to  check 
idle  revolutions  of  the  table.  The  control  of  the  machine  has  been 
centralized  to  a  very  great  extent  and  interlocking  devices  are  used 
to  obviate  break-downs.  The  independent  universal  movement  of 
both  vertical  and  side  heads  permits  of  the  use  of  single  point  rather 
than  formed  tools,  and  in  the  words  of  the  maker  ''a  four-inch  gear 
blank  and  a  fly-wheel  requiring  the  full  capacity  of  the  machine  may 
be  completed  with  equal  facility  with  the  same  tool  equipment."  The 
feed  gears  are  independent  for  each  head  and  micrometer  dials  and 
observation  stops  add  to  the  completeness  of  the  design. 

In  many  respects  this  machine  illustrates  well  the  trend  of  ma- 
chine-tool practice,  and  on  this  account  it  has  been  described  in  some 
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detail.  M^urc  9  shows  the  operations  performed  when  roughing  a 
cast-iron  piston  head  (18-inch  diameter,  lo-inch  space)  to  within 
1/16  inch  of  finished  size.  The  time  for  this  job  is  45  minutes.  The 
finishing  cut  is  taken  after  the  head  is  forced  upon  the  rod. 

Aside  from  the  defining  of  work  to  be  done  and  the  manner  in 
which  it  should  be  performed,  modern  practice  has  been  concerned 
chiefly  with  the  severe  duty  exacted  by  modern  cutting  tools.  It  was 
soon  found  that  their  maximum  performance  taxed  the  materials 
that  were  formerly  used  for  machine-tool  construction  beyond  the 
point  where  satisfactory  operation  is  possible.  The  machine-tool 
builder  profited  considerably  in  regard  to  this  matter  through  the 
experience  of  the  automobile  makers,  for  the  heavy  moral  responsi- 
bility which  rests  upon  the  latter  made  it  imperative  that  they  should 
satisfactorily  meet  the  duty  imposed  upon  the  materials  of  construc- 
tion— that  is,  lightness  without  sacrificing  toughness  and  strength. 
Gears  and  shafts  made  of  nickel-,  vanadium-,  chrome-  and  other 
alloy-steels  are  now  used  in  both  these  businesses,  so  that  it  is  abso- 
lutely necessary  that  the  designer  be  thoroughly  conversant  with  their 
known  properties,  and  in  touch  with  advancement  work  that  is  going 
rapidly  forward.  Much  of  interest  and  value  concerning  this  subject 
will  be  found  in  the  paper  by  John  Mathew  published  in  the  Journal 
\of  the  Franklin  Instituic,  May  1909. 

I  Almost  any  of  the  modern  machine  tools  could  be  used  to  illus- 
trate the  changes  that  have  been  necessary  in  the  details  of  construc- 
tion in  order  that  they  may  withstand  present  day  demands.  The  new 
Cincinnati  Bickford  high-speed  plain  radial  drill  press  illustrates  inter- 
estingly the  recent  progress  made  in  high-speed  drilling.  The  72-inch 
machine  weighs  approximately  21,000  pounds  and  is  equipped  with 
a  20  horse  power  type  S,  Westinghouse  constant-speed  motor.  The 
transmission  is  composed  of  nickel-steel  gearing,  and  twenty  difTerent 
spindle  speeds  arranged  in  geometrical  progression  are  secured  by 
means  of  a  speed  box,  operated  by  a  single  lever  and  four  changes  on 
the  head.  A  lever  in  reach  of  the  operator  actuates  the  only  friction 
clutch  in  the  transmission  which  is  used  to  start,  stop  and  reverse  the 
spindle.  The  feed  box  and  certain  other  features  distinctive  of  former 
Bickford  radials  are  incorporated  in  the  machine,  although  they  have 
been  redesigned  to  suit  the  extraordinary  requirements.  Eight  feeds 
are  provided,  arranged  in  a  geometrical  progression  from  .006  inch 
to  .048  inch  per  revolution  of  the  spindle.  The  sizes  of  shafts  and 
bearings,  features  of  lubrication,  and  other  details  have  been  worked 
out  with  much  care,  and  especially  the  structure  of  the  bed,  column 
and  arm,  so  as  to  secure  great  rigidity  during  maximum  work. 
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I  recently  observed  certain  tests  on  this  machine  and  the  results 
are  worth  recording.  A  number  of  3-inch  holes  were  drilled  through 
a  block  of  cast  iron  4  inches  thick  with  a  Celfor  drill  operating  at 
187-feet  cutting  speed  in  aj^out  35  seconds,  or  at  a  feed  of  6^  inches 
per  minute.  The  same  radial  drill  press  operated  a  >4-inch  Celfor 
drill  at  70- feet  cutting  speed  and  a  feed  of  27  inches  per  minute,  the 
cast-iron  blocks  being  drilled  through  in  less  than  9  seconds.  Of 
course  the  cutting  speed  during  the  first  test  was  abnormally  high, 
although  the  drill  was  in  good  condition  after  the  work  was  done.  In 
the  latter  inst?nce  the  drill  was  apparently  perfect  after  drilling 
a  very  large  number  of  holes.  Over  20  horse  power  was  required  to 
drill  the  3-inch  hole  at  the  rate  mentioned,  exemplifying  a  condition 
of  operation  that  would  have  been  scarcely  conceivable  a  few  years 
ago.  The  extensive  experiments  that  the  designer,  Mr.  H.  M.  Norris, 
has  conducted  regarding  the  drilling  of  metals  formed  the  basis  for 
the  design  of  this  radial,  so  that  the  problem  was  one  of  satisfactorily 
meeting  known  requirements. 
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Tests  recently  made  by  Mr.  Geo.  E.  llallcnbcck  indicate  that 
the  most  rapid  drilling  can  be  done  by  using  comparatively  high  s])eed 
and  moderate  feeds,  as  it  is  possible  to  carry  a  heavier  feed  at  a  high 
speed  than  at  a  medium  speed.  Mr.  Hallenbeck's  tests  were  made  on 
a  modern  Baker  IJrothers'  drill  press  and  showed  results  that  checked 
with  the  test  on  the  j/^-inch  drill  described  above. 

Machine-sho])  prac- 
tice has  made  note- 
worthy progress  in  re- 
gard to  milling  work. 
Figures  lo  and  ii  show 
the  No.  5  universal 
high-power  miller  and, 
in  part,  the  No.  4  ver- 
tical high-power  miller 
built  by  the  Cincinnati 
Milling  Machine  Co. 

This  concern  has  es- 
tablished a  fixed  duty 
at  the  cutter  as  the 
basis  of  design  for  each 
of  their  milling  ma- 
chines. Extensive  cut- 
ting tests  were  conduct- 
ed for  the  purpose  of 
determining  these  stan- 
dards, which  are  based 
upon  the  milling  of 
machinery-steel  blocks 
5  inches  square  and  18 
inches  long,  analyzing 
16  points  carbon  and  51 
points  manganese ;  tensile  strength  55,000  pounds  per  square  inch,  elon- 
gation 50  per  cent.  The  No.  4  miller  when  equipped  with  a  standard 
spiral  milling  cutter  with  nicked  teeth  will  take  a  cut  across  one  of  these 
blocks  5  inches  wide  and  ^  inch  deep,  at  a  table  speed  of  9^4  inches 
per  minute,  which  is  at  a  rate  of  6.1  cubic  inches  of  metal  removed 
per  minute.  This  practice,  which  is  also  being  followed  by  certain 
other  machine-tool  builders,  is  rapidly  tending  to  place  the  sale  of 
equipment  solely  upon  a  basis  of  the  quantity  and  quality  of  work 
that  it  can  produce,  rather  than  upon  a  comparison  of  the  structural 


FIG.    II. 


NO.    4    VERTICAL    HIGH-POWER    MILLER,    CIN- 
CINNATI   MILLING    MACHINE   CO. 
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FIG.    12.      NO.    5   HEAVY  PLAIN    MILLING    MACHINE.     BROWN    &    SHARPE    MFG.    CO. 

features,  which  is  often  quite  misleading"  to  those  not  famiUar  with 
the  principles  of  design. 

Interchangeability  of  parts  between  horizontal  and  vertical  types 
of  milling  machines  and  for  different  systems  of  drive  and  feed  is  now 
recognized  as  important  to  the  purchaser,  and  the  Cincinnati  Milling 
Machine  Company  have  satisfied  this  condition  very  efficiently. 

The  possibilities  of  modern  milling-machine  design  were  nicely 
shown  by  the  operation  of  a  Brown  &  Sharpe  No.  5  heavy  plain  mill- 
ing machine  (Figure  12)  exhibited  at  the  Master  Mechanics'  Conven- 
tion during  June  of  this  year.  The  floor  upon  which  the  machine  was 
set  up  without  bolting,  settled  i}i  inches  after  being  loaded.  In  one 
instance  high-speed  cutters,  3%  inches  diameter  with  spiral  nicked 
teeth,  milling  carbon  steel  (65,000  tensile  strength  and  about  40 
points  carbon)  operated  satisfactorily  at  a  cutting  speed  of  60  feet 
per  minute,  width  of  work  6  inches,  depth  of  cut  3/16  inch,  and  table 
feed  16  inches  per  minute.  A  number  of  delicate  tests  were  made 
during  the  performance  of  this  work  to  demonstrate  the  rigidity  of 
the  machine.  The  same  gang  of  cutters  made  over  one  hundred  cuts 
across  the  test  piece  under  the  conditions  enumerated  and  their  life 
was  by  no  means  reached,  their  capacity  being  probably  in  the  neigh- 
borhood of  200  cuts. 

The  feeds  and  spindle  speeds  provided  for  in  this  machine  are 
arranged  in  geometrical  progression  and  are  independent.  The  feeds 
are  all  given  in  inch'.s  per  minute  so  that  after  the  cutter  has  been 
brought  up  -to  the  proper  peripheral  speed  the  feed  can  be  readily 
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adjusted  to  the  point  best  suited  to  the  nature  of  tlie  work  anc]  type 
of  cutter  used.  This  practice  in  itself  represents  quite  an  advance  in 
milHng-machine  design,  and  is  followed  by  the  builders  of  not  only  the' 
types  of  machines  illustrated  but  those  for  other  purposes. 

Figure  13  shows  the  Brown  &  Sharpe  No.  6  automatic  gear-cutting 
machine  which  is  referred  to  in  this  part  of  tlie  article  on  account  of 
its  interest  from  a  standpoint  of  milling  operations.  It  has  been  grad- 
ually modified  since  it  was  put  upon  the  market  years  ago,  to  meet 
the  advances  made  in  high-speed  cutters,  and  in  this  respect  is  a  good 
example  of  the  evolution  through  which  machine  tools  must  go  in 
order  to  keep  abreast  of  the  times.  An  interesting  piece  of  work  was 
recently  performed  on  this  gear  cutter  in  the  shop  of  the  Brown  & 
Sharpe  Mfg.  Co.  A  cast-steel  gear,  119  teeth,  2-inch  pitch,  5-inch 
face,  was  finished  from  the  solid  without  previously  roughing  with  a 


FIG.    13.    BROWN   &   SHARPE  NO.   6  AUTOMATIC   GEAR-CUTTING   MACHINE. 


FIG.   14.     GOULD   &    EBERHARDT  84   BY    16   IN.    NEW   TYPE   AUTOMATIC   GEAR  CUTTER. 


FIG     15.      NEW  RAPID-PRODUCTION   SPUR-GEAR  CUTTING  MACHINE.     NEWTON   MACHINE 

'  TOOL   WORKS. 
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6j/^-incli  (lianieter  high-speed  steel  cutter,  the  spindle  revolrtions 
being  38  per  minute  and  the  feed  i  15/16  inches  per  minute.  The  cut- 
ting time  per  tooth  was  4  minutes  and  the  time  for  the  entire  gear 
8  hours  and  13  minutes.  In  no  case  did  the  teeth  vary  more  than 
0.00 1  inch,  a  degree  of  accuracy  well  within  the  requirements  of 
commercial  gear  cutting. 

Figure  14  illustrates  the  84-inch  by  16-inch  Gould  &  Eberhardt 
new  type  automatic  gear-cutter  for  blocking  out  a  large  cast-iron 
gear.  This  gear  has  90  teeth,  3  inches  circular  pitch,  87.86  inches 
outside  diameter  and  12  inches  face.  The  total  time  for  blocking  out 
and  finishing  was  7  hours  and  35  minutes. 


FIG.     16.     42-INCH    VARIABLE-SPEED    MOTOR-DRIVEN    FORGE    PLANER.     THE    CINCINNATI 

PLANER    CO. 

h^igure  15  illustrates  the  new  rapid  production  spur-gear  cutting 
machine  built  by  the  Newton  Machine  Tool  Works,  and  very  interest- 
ing performances  have  been  accomplished  on  this  machine. 

Brief  reference  should  be  made  to  machine  tools  of  the  reciprocat- 
ing type,  such  as  planers,  shapers,  and  slotters,  especially  as  these, 
considered  as  class,  were  not  redesigned  to  meet  new  conditions  as 
promptly  as  the  types  we  have  already  considered.  As  no  change  in 
cutting  speed  is  required  on  account  of  the  dimensions  of  the  work, 
it  was  some  time  before  its  need  in  order  to  meet  the  requirements  of 
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FIG.    17. 


GOULD    &    EBERHARDT    24-INCH    SHAPER, 
HIGH-DUTY. 


different  materials 
and  different  kinds 
of  cuts  was  proper- 
ly appreciated. 
IM  u  c  h  importance 
has  been  attached 
to  the  speed  at 
which  the  work  is 
returned,  whereas 
a  simple  calculation 
will  at  once  show 
that  a  variable  cut- 
ting speed  is  a  far 
more  important 
matter.  For  exam- 
ple, with  a  cutting 
speed  of  20  feet  per 
minute  and  a  re- 
turn speed  of  80  feet  per  minute,  the  cutting  feet  per  hour  would  be 
960.  If  the  speed  of  the  return  is  doubled  (160  feet  per  minute)  the 
cutting  feet  per  hour  would  be  1,066,  or  a  gain  of  11  per  cent.     On 

'  the  other  hand,   if 

the  cutting  speed  is 
doubled  (40  feet 
per  minute)  and 
the  return  kept  at 
80  feet  per  minute, 
the  cutting  feet  per 
hour  would  be 
1,600,  or  a  gain  of 
66  2/3  per  cent. 

This  fact  is  fully 
recognized  in  the 
design  of  the  ma- 
chine illustrated  in 
Figure  16  which  is 
the  42-inch  varia- 
ble-speed m  o  t  o  r- 
driven  forge  planer 
built  by  the  Cin- 
cinnati  Planer   Co. 

FIG.    18.      GEARED    SHAPER,    IO>INCH,    WITH    FRICTION    CON-         ^, 

TROL  FOUR-SPEED  DRIVE.     AMERICAN  TOOL   WORKS  CO.  ^  '^^    UlOtOr    IS    rated 
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FIG.    20.       NILES    QO-INCH    DRIVING-WHEEL    LATHE. 


at  20  horse  power  and  is  the  compoiin4.-wound  direct-current  type. 
The  return  speed  is  fixed  at  80  feet; per  minute  and  cutting  speeds  of 
15,  20,  25,  30,  35,  40  feet  per  minirte  can  be  had  by  means  of  the  posi- 
tive variable-speed  drive  mounted  on  the  housings.  In  the  main  par- 
ticulars this  illustration  is  self  explanatory. 

Figures  18  and  19  illustrate  respectively  the  shapers  built  by  Gould 
&  Eberhardt  and  the  Amerlcan^Tool^Wo-rks  Company.  Each  of  these 
machines  possess  features  that  adapts  it  to  the  requirements  of  high- 
speed work. 

Figure  20  is  included  as  an  example  of  the  modern  equipment 
which  has  been  perfected  to  meet  the  severe  service  exacted  in  modern 
railroad  shops.  -  .,n;~  •^> 

A  full  realization  of  thfe  advance  that  has  been  made  in  machine- 
tool  practice  during  recenl^  y^ars  can  be  had  only  by  making  a  minute 
study  of  the  subject.  Many  seemingly  unimportant  details  have  con- 
tributed largely  to  the  success  of  -individual  types  of  machines,  and  I 
regret  that  it  has  been  necessary  in  this  article  to  select,  as  illustra- 
tions, only  a  few  of  the  n^any-admiratje  machines  on  the  market. 


BABCOCK  &   WILCOX   STOKER  INSTALLATIONS. 

Above,    the    Cleveland    Hardware    Co.;    below,    the    Fisk    St.    station    of    the    Commonwealth 

Edison    Co.,    Chicago. 
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SMOKE  PREVENTION   OR   SMOKE   CONSUMPTION. 

By  Harold  V .  Goes. 

In  two  preceding  articles  Mr.  Coes  outlined  the  causes  of  smoke,  reviewed  the  methods 
employed  to  prevent  or  diminish  smoke  in  hand-fired  plants,  and  described  the  leading  types 
of  automatic  stokers  with  a  frank  summary  of  the  advantages  and  disadvantages  of  each. 
This  concluding  paper  deals  with  the  choice  of  apparatus  for  burning  various  grades  of 
fuel,  and  with  the  prospects  for  applying  automatic  stokers  to  marine  and  locomotive  service. 
— The  Editors. 

THE  preceding-  discussion  has  presented  the  special  features 
of  excellence  and  some  of  the  advantages  and  disadvan- 
tages of  the  several  types  of  stokers.  It  has  been  the  aim 
to  demonstrate  impartially  the  operation  of  the  stokers  and  their 
means  of  smoke  prevention,  even  though  many  installations  of 
automatic  stokers  smoke  very  badly,  frequently  quite  as  badly  as 
furnaces  with  poor  hand-firing.  If  this  is  the  case,  it  can  gen- 
erally be  traced  to  one  of  these  three  sources : — 

First — Improper  design  of  both  furnace  and  stoker. 

Second — Forcing  beyond  the  capacity  of  the  stoker,  some  stokers 
being  unable  to  operate  smokelessly  much  over  no  per  cent  of  rating. 

Third — Careless  operation. 

Some  installations  and  conditions  are  better  suited  to  one  type 
and  some  to  another,  and  it  is  of  the  utmost  importance,  in  the  selec- 
tion of  a  stoker,  that  the  owner  should  make  sure  that  he  has  the 
type  best  suited  to  his  conditions,  and  that  the  details  of  the  particu- 
lar apparatus  be  developed  on  sound  mechanical  lines  based  on  mature 
judgment  and  experience. 

It  is  almost  impossible  to  state  just  what  particular  kind  of  coal  is 
best  suited  to  a  particular  type  of  stoker.  Broadly  speaking,  the 
American  coals  may  be  divided  into  two  classes,  viz.,  eastern  bitumi- 
nous, and  western,  or  high-volatile  bituminous,  coal.  Each  class 
requires  a  dififerent  mode  of  boiler  setting  and  furnace  construction, 
especially  the  coking  arches.  The  longer  this  arch  is  made,  the 
longer  is  the  travel  of  the  hydrocarbons  in  contact  with  it,  and  con- 
sequently, the  long  time  interval  for  perfect  combustion  to  take  place. 
With  the  lower-volatile  eastern  coals,  this  arch  need  not  be  over 
four  feet  in  length  in  order  to  obtain  complete  combustion.  As  the 
per  cent  of  volatile  matter  increases,  the  length  of  the  arch  increases 
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in  almost  direct  ratio.  It  is  also  affected  by  the  rate  of  combustion, 
so  that  with  a  knowledge  of  these  two  elements,  a  furnace  setting 
can  be  dcFigned  which  will  be  absolutely  smokeless  under  all  oper- 
ating conditions.  The  prolongation  of  the  arch  just  referred  to 
may  be  accomplished  in  several  ways  and  this  usually  constitutes 
the  furnace  or  stoker  setting.  It  should  be  distinguished  from  the 
stoker  proper,  inasmuch  as  it  requires  separate  treatment  and  is 
distinct  in  its  effect  upon  the  completeness  of  combustion. 


THE  BABCOCK  &  WILCOX   STOKER 


In  those  types  of  boilers  which  are  baffled  horizontally,  it  is  cus- 
tomary to  hang  to  the  lower  row  of  tubes  some  form  of  encircling 
fire-brick  tile.  This  tile  extends  backward  to  within  a  few  feet  of 
the  rear  water  leg  and  forms  a  prolongation  of  the  coking  arch,  13  to 
14  feet  in  length.  (See  page  797,  in  which  type  3  is  the  best).  In 
such  boilers  as  do  not  ordinarily  have  tile  on  the  lower  row  of  tubes, 
we  must  provide  equivalent  arch  effect,  in  order  to  prevent  the  flames 
from  reaching  the  boiler  tubes.  This  is  accomplished  by  withdrawing 
the  stoker  from  under  the  boiler  and  building  around  it  a  fire-brick 
extension  fire  box,  usually  termed  a  ''Dutch  oven,"  which,  of 
necessity,  has  fire-brick  roof  and  sides.  The  amount  of  this  extension 
is  determined  by  the  minimum  length  of  flame  travel,  i.  e.,  the 
flames  must  be  extinguished  or  burned  out  by  the  time  they  reach 
the  end  of  the  arch  or  tile  work.  This  amount  of  extension,  as 
stated' before,  depends  upon  the  locality  and  the  kind  of  fuel  con- 
sumed. 
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TWO  VIEWS  OF  THE  AMERICAN    STOKEft   AS    INSTALLED,   SHOWING  FRONT   AND  GRATES.; 


Many  designs  of  furnaces  and  combustion  chambers  have  been 
made  with  the  idea  of  prolonging  this  time  of  travel  by  increasing 
the  length.  Projections  from  the  furnace  walls,  wing  walls,  baffle 
piers  in  the  combustion  chamber,  and  arches  across  it,  are  some 
of  the  more  common  forms  of  producing  tortuous  passage  for  the 
gases.  These  devices,  however,  are  not  particularly  effective  in  them- 
selves, and  unless  there  is  a  certain  distance  from  the  point  of  libera- 
tion of  the  volatile  matter  to  the  entrance  of  the  tube  spaces,  inrom- 


INSTALLATIONS   OF  THE  AMERICAN    STOKER,   IN    THE  POWER   PLANT  OF  THE   GENERAL 
ELECTRIC  COMPANY,   SCHENECTADY,  N.    Y. 

In  the  new  boiler  plant   of  the  turbine  power  house,  shown  above,   there   are   44   American 
stokers  under  22  500-h.p.   boilers.     They  are  driven  by  shafting  and  eccentrics  be- 
neath the  floor.     The  old  power  house,  shown  below,  contains  12  American 
stokers    firing    G    500-h.p.    boilers.      The    drive    here    is    by    line 
s'laft   across   the  boiler    fronts. 
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plete  combustion  must  take  place.  These  devices  also  act  as  an 
obstruction  to  the  draft  and  the  effect  upon  the  draft  over  the  fire  is 
a  serious  thing  to  tamper  with.  It  may  be  taken  as  almost  axiomatic, 
regarding  smokeless  and  economic  combustion,  that  there  is  no  effec- 
tive substitute  for  actual  size  of  combustion  chamber ;  and  further- 
more, that  with  the  elimination  of  smoke-forming  matter  and  suffi- 
cient length  of  flame  travel,  perfectly  smokeless  combustion  can  be 
guaranteed. 


THREE    TYPES    OF    TILE    ROOF    FOR    BOILER    FURNACES. 

The  direct  saving  gained  by  stoker  operation  over  hand-firing  is 
due  to  two  things — saving  of  fuel  due  to  better  combustion,  higher 
boiler  efficiencies  and  smokeless  operation,  and  saving  due  to  de- 
creased labor  attendance.  This  is  not  so  apparent  or  so  great  in 
plants  whose  boiler  capacity  is  about  i,ooo  to  2,000  horse  power. 
The  cost  of  boiler-room  labor,  averaged  from  plants  containing  600 
boilers  in  all,  was  50  cents  per  ton  of  coal  fired,  ranging  from  26 
cents  to  75  cents.  The  cost  gradually  decreases  as  the  size  of  the 
plant  increases,  becoming,  however,  per  ton  of  coal  fired,  nearly 
stationary  when  firing  1,200  tons  per  week.    There  is  also  a  correction 
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to  be  made,  depending  upon  the  load  factor,  the  cost  of  labor  per  ton 
being  about  lo  per  cent  less  for  a  steady  load  than  for  a  variable  load. 

In  one  of  the  large  plants  in  New  England,  the  cost  of  firing  a 
ton  of  soft  coal  with  automatic  stokers,  including  the  cost  of  the  coal 
alongside  the  dock  and  the  storage,  ranged  from  $3.30  to  $3,315,  the 
cost  of  coal  alongside  the  wharf  being  taken  at  $3.20  per  ton. 

Mechanical  stokers  save  from  30  to  40  per  cent  of  labor  in  very 
large  plants  (over  200  tons  per  week),  20  to  30  per  cent  in  medium- 
size  plants  (50-150  tons  per  week),  and  no  labor  in  small  plants. 
Similarly  they  cut  down  the  time  of  cleaning  fires  to  about  a  tenth  of 
that  of  hand  firing,  and  in  some  types  of  stoker,  the  Taylor  for  in- 
stance, the  labor  and  time  for  cleaning  fires  is  reduced  to  a  minimum. 

The  following  figures  of  comparative  cost^  of  apparatus  are  taken 
from  Professor  Gebhardt's  "Steam  Power-Plant  Engineering,"  sup- 
plemented by  additional  figures  obtained  from  manufacturers.  They 
represent  the  approximate  cost  of  stokers  suitable  for  a  Babcock  & 
Wilcox  boiler  of  350  horse  power,  rated  capacity,  with  45  square  feet 
of  grate  surface,  chimney  175  feet  above  grate,  burning  Illinois 
screenings.  The  cost  of  installation  is  not  included.  The  figures  for 
the  various  types  discussed  are : — 

Chain-grate  and  appurtenances $1,500 

Jones  underfeed  stoker 1,400 

Roney  stoker   i  ,300 

Murphy  stoker  and  furnace i,35o 

Hawley  down-draft  furnace •  • i,350 

Taylor  gravity  underfeed   stoker 2,000 

Recommendations  to  the  Purchaser. 

I. — The  purchaser  should  place  the  burden  of  responsibility  upon 
the  firm  installing  the  apparatus,  and  no  prospective  purchaser  should 
permit  an  installation  unless  he  is  thoroughly  satisfied  that  the  repre- 
sentative of  the  manufacturer  has  thoroughly  studied  all  the  condi- 
tions at  the  plant  which  may  influence  the  success  of  the  apparatus. 
When  once  installed,  he  should  see  that  all  claims  for  economy,  main- 
tenance, durability,  flexibility,  and  smokeless  combustion  are  fully 
substantiated. 

2. — Specifications  and  plans  for  proposed  plants  should  be  sub- 
mitted to  some  competent  engineering  authority  for  approval.  Need- 
less to  say,  such  expert  should  not  be  connected  with  the  selling 
interests  of  any  stoker  manufacturer  and  should  have  no  commercial 
interests  and  affiliations  apt  to  influence  his  judgment.  The  condi- 
tions necessary  to  insure  successful  operation  of  the  stokers  are  well 
known  to  mechanical  engineers  making  a  specialty  of  combustion, 
and  such  an  engineer,  when  once  familiar  with  the  existing  condi- 
tions of  the  plant  and  its  immediate  needs,  should  be  able  to  advise 
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the  prospective  purchaser  intelligently,  to  his  material  advantage, 
as  to  the  ultimate  success  of  the  proposed  scheme,  as  well  as  regard- 
ing all  details  in  connection  with  the  installation. 

3. — When  it  has  been  installed  and  the  supervising  engineer  has 
shown  that  it  is  doing  all  that  the  manufacturers  have  guaranteed,  it 
is  the  duty  of  the  purchaser  to'  see  that  the  installation  is  operated 
according  to  the  instructions  of  the  manufacturers  and  to  the  best 
advantage.  Many  installations  of  merit  have  been  condemned  at  the 
start  by  the  operating  stafif  of  the  purchaser,  who  were  prejudiced  or 
who  knew  nothing  about  the  apparatus,  and  therefore,  through  no 
inherent  defect,  it  has  been  condemned.  There  have  been  so  many 
such  instances  that  it  is  desirable  to  call  the  attention  of  the  intend- 
ing purchaser  to  this  point,  since  it  is  just  as  important  that  the  plant 
should  be  operated  properly  as  it  is  that  the  apparatus  be  properly 
designed  and  installed. 

Suggestions  for  Further  Development. 

The  mechanical  stoker  has  come  to  stay.  As  with  a  good 
many  other  adventures  that  have  been  made  along  untried  and 
unexplored  paths,  mistakes  have  been  made ;  but  no  industrial 
development  of  any  character  whatsoever  has  ever  been  made 
without  mistakes  creeping  in.  In  case  of  the  automatic  stoker 
there  have  been  mistakes  due  to  faulty  design,  to  misunderstand- 
ing or  misapplication  of  the  fundamental  principles  of  combus- 
tion, and  to  poor  installation.  But,  thanks  to  the  persistency  of 
purpose  of  the  promoters  and  the  inventors,  we  now  have  several 
good  forms  of  mechanical  stoker  and  are  making  headway. 

The  principal  field  which  the  stoker  companies  have  developed 
and  are  developing  is  that  occupied  by  the  central  station ;  though 
numerous  installations  have  been  made  in  small  plants,  in  isolated 
plants,  and  in  some  manufacturing  plants,  the  central-station  work 
remains  as  yet  the  most  important. 

It  is  generally  recognized  at  the  present  time  that  the  art  of  burn- 
ing coal  and  attaining  perfect  combustion  is  governed  by  just  as 
accurate  laws  and  scientific  principles  as  those  regulating  the  gen- 
eration of  steam.  The  old  idea  of  a  fire-brick  box  crammed  full  of 
coal  and  left  to  its  own  devices  is  antiquated.  The  modern  idea  is 
a  furnace  designed  according  to  the  principles  of  combustion,  per- 
fectly adapted  to  the  kind  of  fuel  to  be  consumed,  to  the  character 
of  the  boiler,  and  to  the  nature  of  the  service.  It  makes  no  differ- 
ence what  the  service  is,  whether  for  steamship,  railroad,  central  sta- 
tion, or  isolated  plant,  as  long  as  the  designer  has  in  view  the  requi- 
sites of  the  service  and  the  conditions  imposed. 
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It  is  with  the  chance  for  development  in  marine  and  railroad  work 
that  I  wish  to  deal  in  conclusion.  Practically  nothing  has  been  done 
along  these  lines,  and  yet  the  need  is  urgent  and  the  returns  would 
be  well  worth  while  to  these  entering  this  field  boldly,  confidently, 
and  intelligently. 

The  stoke  hole  of  many  vessels,  particularly  in  the  tropical  ser- 
vice, is  a  pocket  edition  of  hell.  Modern  transportation  has  made  so 
many  demands  as  to  speecl  that  the  problem  of  obtaining  the  maxi- 
mum power  for  the  minimum  space,  or  what  corresponds  in  central- 
station  practice  to  the  kilowatts  per  square-foot  rating,  is  a  difficult 
one  indeed.  ^  When  one  sees  a  boiler  in  a  central  station  working 
efficiently  at  200  per  cent  of  rating  and  burning  60  to  75  pounds  of 
bituminous  coal  per  square  foot  of  grate  surface  per  hour,  as  is  being 
done  with  a  recent  stoker  installation,  he  naturally  wonders  at  the 
lack  of  development  along  the  other  lines  just  suggested.  A  stoker 
for  such  service  must  be  compact,  simple,  durable,  easily  regulated, 
and  able  to  do  its  work  in  rough  seas  without  avalanching  the  fuel 
or  interrupting  the  operation.  This  last  condition  practically 
throws  the  overfeed,  movable  grate-bar  type  of  stoker  out  of  the 
running.  But  the  underfeed  and  gravity  underfeed  stokers  are 
beautifully  adapted  to  this  class  of  service,  for  there  are  no 
moving  grate-bars  or  loose  fuel  to  be  displaced. 

The  problem  of  handling  the  ash  and  coal  for  such  an  installation 
would  be  no  mean  one,  but  it  offers  plenty  of  opportunity  for  the 
exercise  of  the  skill  and  ingenuity  of  the  engineering  staff  of  the 
conveyor  manufacturers.  That  it  can  and  will  be  solved  is  unques- 
tionable. Modern  service  requires  it,  just  as  modern  service  requires 
the  steam  turbine  in  the  hold  of  the  Lusitania  and  vessels  of  her  class. 

The  blowers  and  stoker  can  be  run  by  small,  compact,  economical 
steam  turbines,  the  exhaust  steam  from  the  turbines  being  returned  to 
the  feedwater  heaters ;  and  as  this  exhaust  is  free  from  oil,  this  is 
quite  an  item.  Furthermore,  these  turbo-blower  outfits  can  be  in- 
stalled in  places  where  a  reciprocating  engine  would  be  inaccessible, 
for  no  overhead  room  for  the  removing  of  cylinder  heads  and  pistons 
has  to  be  provided.  Furthermore,  the  blowers  do  not  have  to  be  so 
large  since  they  run  at  a  higher  speed.  All  these  points  are  worthy 
of  consideration  where  space  is  such  a  factor  as  it  is  aboard  ship  and 
on  a  locomotive. 

The  trouble  due  to  the  striking  of  firemen  and  their  leaving  at  a 
foreign  port  is  not  nearly  so  serious  an  item,  since  a  stoker  installa- 
tion would  relieve  the  firemen  of  most  of  their  present  arduous  duties. 
The   saving   in   labor   is   another   factor   to   be   considered.     The 
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increased  ca[)acily  of  siirli  an  installation,  the  ahilil}'  to  usi  eco- 
nomically a  cheaper  and  poorer  ^rade  of  fuel,  are  considerations 
well  worthy  the  attention  of  naval  architects  and  marine 
operators. 

With  a  properly  designed  and  equipped  apparatus  of  the  character 
outlined  it  would  be  possible  to  get  more  power  per  cubic  foot  of 
boiler  space  than  can  be  obtained  with  any  system  of  hand  firing, 
and  to  do  it  economically. 

Such  an  installation  must  be  designed  so  that  the  boilers  can  be 
hand  fired  in  case  of  any  accident  to  the  stoker  mechanism,  although, 
if  this  mechanism  is  properly  designed  and  cared  for,  the  danger  of 
a  breakdown  here  is  just  as  remote  as  a  breakdown  to  any  other  piece 
of  machinery  in  the  ship. 

Conservatism  will  have  to  be  combatted,  experiments  will  have 
to  be  made ;  but  the  American  spirit  and  Yankee  ingenuity  will  tell 
in  the  end. 

Similarly,  we  have  the  big  field  of  railroad  transportation.  Mod- 
ern traffic  requirements  have  put  the  motive-power  departments  of 
most  of  the  large  railroads  at  their  wits'  ends  to  try  and  design  loco- 
motives capable  of  hauling  the  heavy  trains  at  the  speed  that  the 
public  demands.  The  use  of  steel  cars  has  added  another  weight  to 
the  ever  increasing  load.  Electrification  solves  the  problem  for  su- 
burban and  interurban  work,  but  for  long-distance  hauls,  steam  is 
still  the  agent.  To  design  a  locomotive  within  the  roadway  limits, 
capable  of  generating  a  sufficient  supply  of  steam  for  the  demands 
made  upon  it,  by  a  furnace  within  the  limits  of  hand-firing,  is  a  diffi- 
cult problem  indeed.  Yet  the  motive-power  officials  are  con- 
fronted w^ith  it  every  day. 

There  aiis  limits  to  human  ability  and  endurance  and  the  modern 
locomotive  fire-box  taxes  them  to  the  utmost. 

Stoker  installations  have  been  made  on  a  number  of  locomotives 
with  varied  success,  but  the  railroads  either  expected  the  stoker 
companies  to  adapt  the  stoker  to  the  locomotive  or  the  stoker 
companies  expected  the  railroads  to  adapt  the  locomotive  to  the 
stoker,  with  failure  as  a  result  in  either  case.  Co-operation  is 
needed.  The  stoker  designer  must  understand  the  railroad  man's 
point  of  view;  the  locomotive  designer  must  understand  the 
stoker  designer's  theory  and  principles. 

It  again  appears  to  me  that  the  underfeed  stoker  is  best  adapted 
to  this  service,  for  the  rounding  of  curves  and  nosing  and  rolling  of 
the  locomotive  would  seriously  hamper  the  operation  of  a  moving 
grate  mechanism.     If  the  underfeed  stoker  was  used  it  would  neces^ 
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sitate  a  closed  ash  pit  with  forced  draft.  Many  beneficial  results 
would  be  obtained  from  a  properly  designed  installation  of  this  char- 
acter: 

I. — The  forced-draft  apparatus  run  in  conjunction  with  the  draft 
created  by  the  exhaust  from  the  cylinders  could  be  balanced,  doing 
away  with  leaky  flues  and  strained  tube  sheets,  for  the  fire-box  tem- 
perature would  be  practically  constant.  Fire-doors  would  not  have 
to  be  opened  every  few  minutes  with  the  attending  inrush  of  cold 
air  and  decreased  fire-box  temperature ;  thus  the  stoker  would 
strike  at  the  ver;^  root  of  tube-sheet  troubles. 

2. — Cheaper  and  poorer  grades  of  fuel  could  be  used,  for  the  fire- 
man does  not  have  to  be  considered  here. 

3. — Better  combustion  and  more  perfect  operation  could  be 
counted  on. 

4. — Economic  operation  over  wide  load  ranges  can  be  expected. 
5. — Sudden   demand's   for   overload   capacity   can   be   quickly   an- 
swered. , 

6. — Sudden  demand  from  a  banked  condition  is  promptly  re- 
sponded to  on  account  of  the  thick  fuel  bed  carried. 

7. — Fires  can  be  cleaned  while  running  without  interfering  with 
the  operation  or  capacity. 

A  stoker  for  such  an  installation  must  be  designed  to  meet  all  the 
above  requirements.  It  must  be  free  from  complication  and  repair 
parts  easily  replaceable.  It  must  have  no  moving  parts  in  the  fire. 
It  must  be  capable  of  being  hand-fired,  should  any  accident  happen 
to  the  actuating  mechanism.  The  fuel  bed  must  be  maintained  in 
an  even  condition  in  all  positions  and  movements  of  the  locomotive. 
The  hoppers  must  be  capacious  and  easily  and  readily  filled  by  the 
fireman.  In  other  words,  the  demands  made  upon  a  stoker  designed 
for  central-station  service  are  vastly  different  from  those  made  upon 
a  stoker  adapted  to  locomotive  operation.  Yet  the  fundamental  prin- 
ciples underlying  combustion  are  the  same.  It  is  simply  a  question 
of  adapting  these  to  the  conditions  of  the  service  required. 

Here  again  the  field  is  big,  the  opportunities  many.  Let  us  hope 
that  the  next  few  years  will  see  the  automatic  stoker  take  the  place 
in  industrial  development  that  belongs  to  it;  that  better  and  more 
perfect  combustion  may  be  realized ;  and  that  increased  capacity  from 
the  present  limited  installations  may  be  obtained. 


THE    ALASKA-YUKON-PACIFIC    EXPOSITION— THE 
FAIR  THAT  WAS  READY 

By  A.  J .  Quiglcy. 

AT  Seattle,  on  June  i,  at  8:30  a.  m.,  the  gates  of  the  Alaska- 
Yukon- Pacific  Exposition  were  thrown  open  to  the  world, 
and  to  the  amazement  of  the  thousands  who  came  the  Fair 
was  complete  and  finished.  Only  the  pessimist  was  disappointed,  for 
he  found  clean  asphalt  pavements,  verdant  green  lawns,  beautiful 
gardens  in  luxuriant  array,  and  majestic  buildings  sparkling  in  fresh 
paint  and  bedecked  with  myriad-colored  bunting.  What  matter  if  an 
army  of  men  did  work  night  and  day  at  the  end  of  May ;  what  if  acres 
of  sod  were  laid  in  one  night;  what  if  buildings  were  shorn  of  scaf- 
folding and  suddenly  completed  while  trees  and  flowers  sprang  up 
about  them  as  by  magic  ?  The  world  could  only  wonder  at  the  result ; 
but  those  who  worked  knew  the  keener  joy  of  a  success  attained,  of  a 
promise  fulfilled,  of  a  Fair  ready  on  the  date  that  was  originally  set. 
And  so  all  was  ready  and  waiting  for  the  formal  opening  at  12  noon 
when  President  Taft  at  the  White  House  officially  welcomed  into 
being  the  Fair  that  is  already  acknowledged  as  the  most  beautiful,  and 
which  gives  every  promise  of  being  the  most  successful  ever  held. 

Historically  the  Exposition  is  a  triumph  to  the  Hon.  Wm.  H. 
Seward,  that  wise  statesman  of  Civil  War  fame  who  yet  maintained 
to  the  end  of  his  days  that  the  most  important  act  of  his  administra- 
tion was  the  purchase  of  Alaska  from  Russia.  The  price  paid  was 
$7,200,000  and  the  deal  was  put  through  only  in  the  face  of  the  most 
violent  opposition.  The  consensus  of  opinion  seemed  to  be  that 
Alaska  was  a  bad  bargain  at  any  price — a  white  elephant  that  had  been 
foisted  onto  the  United  States  under  cover  of  a  natural  desire  to  re-^ 
ciprocate  to  Russia  for  her  kindness  during  the  Civil  War.  And  yet 
after  the  lapse  of  a  generation  the  State  of  New  York  has  seen  fit  to 
erect  at  Seattle  as  its  State  Building  a  beautiful  structure  which  "is  a 
replica  of  the  home  of  William  H.  Seward,  whose  far-sighted  states- 
manship gave  Alaska  to  the  United  States."  A  generation  ago  the 
potential  greatness  of  Alaska  was  little  dreamed  of.  A  decade  ago, 
with  the  discovery  of  gold,  came  a  tardy  realization  by  a  few  people 
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of  some  of  the  possibilities  of  Alaska.  Even  today,  however,  the  rank 
and  file  of  the  United  States  look  upon  Alaska  as  a  land  of  snow,  ice, 
and  gold,  and  so  we  have  the  justification  for  a  Fair  in  the  heart  of  the 
Pacific  Northwest  whose  pjrpose  is  ''to  exploit  and  make  known  to 
the  world  the  possibilities  and  resources  of  the  Alaskan,  Yukon,  and 
Pacific  countries  and  the  great  Pacific  Northwest."  Always  before 
Alaska  has  been  pictured  as  a  land  of  cold  and  gold.  The  compara- 
tively few  who  have  learned  better  are  using  this  Exposition  to  teach 
the  world  of  the  hundred  of  thousands  of  acres  of  excellent  farming 
land,  of  the  great  fo'-ests  of  timber  wealth,  of  the  coal  and  mineral 
deposits,  and  of  the  fishing  banks.  The  key-note  of  the  situation  was 
sounded  by  Hon.  J.  J.  Hill  in  his  address  on  Opening  Day,  when  he 
said  that  this  Exposition  can  justly  lay  claim  to  a  larger  purpose  than 
any  other  previous  like  enterprise,  because  heretofore  the  inspiration 
has  come  from  a  looking  backward  to  some  great  event  of  history, 
whereas  this  Exposition  leaves  the  past  behind  and  strives  to  look 
forward  into  the  golden  future  that  lies  before  these  undeveloped 
countries. 

Building  the  Exposition. — Where  today  stands  a  beautiful  Ex- 
position complete  in  every  detail  there  stood  less  than  three  years  ago 
a  dense  forest  of  high  pines  and  undergrowth,  in  such  virgin  state  that 
the  preliminary  surveys  were  made  only  after  the  axmen  had  cut  the 
way  through.  The  site  selected  was  a  tract  of  ground  lying  between 
Lake  Washington  and  Lake  Union,  with  a  shore  line  on  each  body  of 
water  and  consisting  of  some  250  acres.  This  land  is  the  property  of 
the  University  of  Washington  and  is  located  about  6  miles  from  the 
center  of  the  city.  In  every  way  the  selection  of  this  site  was  a  wise 
move.  First  of  all,  because  the  University  is  to  receive  after  the  Fair 
is  over  all  the  buildings  that  she  can  utilize,  and  hence  many  permanent 
structures  have  been  erected,  thereby  preventing  the  usual  great  eco- 
nomic waste.  Again  the  natural  setting  is  superb,  for  the  high  roll- 
ing ground  gives  everywhere  beautiful  views  of  the  lakes  and  moun- 
tains. Finally,  the  climatic  conditions  are  such  as  to  make  possbile  a 
fairy  land  of  flowers,  shrubs,  and  trees,  the  like  of  which  has  never 
before  been  seen. 

Unlike  other  fairs  this  Exposition  did  not  call  for  Government 
backing.  Listead,  the  people  of  Seattle  financed  the  enterprise  by 
general  subscription  to  the  extent  of  $1,000,000,  the  State  of  Washing- 
ton furnished  $2,000,000  more,  and  other  States  have  furnished 
nearly  another  $1,000,000.  The  Government  appropriated  $600,000, 
gvery  cent  of  which  has  been  used  for  its  own  buildings  and  exhibits. 
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These  amounts,  together  willi  the  iiucslnieiil  represented  hy  in(hvi<hial 
concessioners  and  exhihitors,  have  l)een  used  lo  ])re])are  the  grounds 
and  erect  some  150  huihhngs.  Taken  as  a  whole  tlie  j^ropositicjn  stands 
as  a  $10,000,033  enterprise  and  the  money  has  been  carefully  s])ent. 


J.  E.  CHlLBif, 
President  of  the  companj'. 


GODFKEi'    CHEALA.\]Jr.K^ 
Father  of  the   exposition. 


An  exposition  is  of  necessity  a  veritable  complete  city  with  a  fully 
equipped  system  of  utilities,  such  as  water,  gas,  and  light.  The  civil 
engineer  has  played  an  important  part  in  the  construction  period,  as 
under  his  supervision  there  have  been  constructed  8  miles  of  sewer 
mains,  7  miles  each  of  large  and  small  water  mains,  10  miles  of  asphalt 
pavement,  and  many  miles  of  paths  and  tracks,  and  500,000  cubic 
yards  of  earth  have  been  moved. 

It  is  possible  to  speak  but  briefly  of  the  grounds  and  buildings. 
The  Court  of  Honor  contains  a  geyser  basin  and  a  six-fall  cascade,  all 
within  a  sunken  garden.  About  these  are  grouped  the  main  exhibit 
structures,  viz..  Manufactures,  Oriental,  Hawaiian,  Main  Government, 
Alaskan,  European,  and  Agricultural  Buildings.  To  the  rear  of  these 
in  roughly  concentric  circles  are  the  other  structures,  the  more  im- 
portant of  which  are  Forestry,  Machinery  Hall,  Philippine,  Fisheries, 
Auditorium,  Fine  Arts,  and  Mines.    Complete  and  attractive  buildings 
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INTERIORS    OF    MINES    BUILDING    (ABOVE)     AND    MACHINERY    HALL    (BELOW) 


have  been  erected  for  Japan,  China,  and  Canada,  while  State  bnildings 
have  been  erected  by  Oregon,  Washington,  Idaho,  Utah,  Cahforni^a, 
and  New  York,  ^'arious  county  and  special  exhibit  buildings  and  a 
long  Hst  of  amusement  attractions— called  here  'The  Pay  Streak"— 
complete  the  physical  equipment.  Throughout,  quality  rather  than 
magnitude  of  construction  has  been  aimed  at  and  this  idea  shows  itself 
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in  the  grouping  and  treatment  of  buildings  which  are  set  close  together 
and  treated  as  a  combined  unit — a  pleasing  departure  in  exposition 
building.  The  main  axis  is  the  Cascade  Court,  at  the  upper  end  of 
which  is  the  Main  Government  Building  with  Mt.  Rainier,  that  grand 
sentinel  of  the  coast,  at  the  other  end,  towering  up  into  the  sky  in  full 
view. 

Engineering  Features. — No  particular  novel  feats  stand  out 
from  the  mass  of  construction  detail,  although  in  all  departments  dif- 
ficulties have  naturally  been  met  and  overcome. 

Electrically  the  aim  has  been  to  produce  beauty  and  harmony 
rather  than  the  unusual.  The  decorative  lighting  of  all  buildings  and 
grounds  has  required  a  total  of  250,000  8-candle-power  frosted  lamps. 
These  have  been  used  in  outline,  sofifet,  and  indirect  lighting  on  18- 
inch  spacing  and  against  the  ivory  white  of  the  buildings  give  a  pecu- 
liarly soft  and  pleasing  efifect.  For  the  grounds  a  special  type  of  staff 
electrolier  was  designed  and  over  200  used.     Each  unit  contains  39 


THE   ALASKA-YUKON-PACIFIC   EXPOSITION.     COMPLETED  ON    THE  OPPOSITE  PAGE. 


.\rctic   Brotherhood 
California 


Firo  Hall 


Forestry 


Washington  State 


Oregon 
Hawaii 


THE   ALASKA-YUKON-PACII'IC   liXPOSn  l()\. 


76T 


LOOKING  UP  CASCADE  COURT,  AS   IT  IS   ILLUMINATED  AT   NIGH  I. 

50-watt  meridian  lamps  screwed  into  sockets  cast  within  the  staff  ball. 
The  effect  has  proven  very  satisfactory.  The  current  for  all  lighting 
and  power  is  furnished  by  the  Seattle  Electric  Company  from  its  new 
6,000-kilowatt  sub-station  located  on  the  exposition  grounds.  Part  of 
the  current  is  brought  from  the  water  plant  at  Electron,  50  miles 
distant,  over  50,000-volt  3-phase  transmission  lines  and  the  balance 
from  the  Georgetown  steam-turbine  plant  at  13,800  volts,  3-phase.  At 
the  sub-station  the  voltage  is  stepped  down  to  2,300  volts  and  distribu- 
tion made  around  the  grounds  by  underground  system  to  various 
centers  where  transformation  again  takes  place  to  234  11 7- volt  3-wire 
secondaries. 

A  very  beautiful  electrical  effect  is  obtained  at  the  Cascades  by 
giving  rainbow  series  of  coloring  to  the  six  waterfalls.  By  means  of 
a  reactance  coil  designed  and  wound  especially  to  carry  the  full  load 
of  the  Cascade  lighting,  all  the  lights  are  alternately  brought  on  from 
darkness   to    full   brilliancy   twice    each    minute.      Accentuating   the 
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THE   EXPOSITION    PUMPING    PLANT,    FOR    FIRE   PROTECTION    AND    GENERAL    SERVICE. 

Alaskan  side  of  the  Exposition  are  totem-pole  electroliers  scattered  at 
v^arious  points  about  the  ground,  these  being  specially  designed  for  this 
purpose.  A  beautiful  effect  is  obtained  in  the  trees  of  the  natural  park 
extending  for  nearly  a  mile  along  Lake  Washington  front  by  the 
thousands  of  lights  which  have  been  scattered  through  the  branches 
in  bewildering  profusion. 

Of  equal  interest  to  the  mechanical  and  electrical  engineer  are  the 
pumping  plants.    Because  of  shortage  of  city  water  it  was  necessary  to 


THE    REAR    COLONNADE    OF    THE    FORESTRY    BUILDING. 
The  timber  exhibited   is  18  in.   square  and   IGO   ft.   long. 
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MECHANICAL    AND    TKANSPOKTATION     EXHIBITS. 

Above,    the    leaders    of    the    New    York-Seattle    Road    Ract — June    1,    12.04-June    23,    12.56. 
Btlow,   Great  Northern   locomotives   No.    1    and   No.    1909. 


install  a  complete  plant  for  irrigation  and  fire-protection  purposes,  and 
for  these  purposes  three  direct-driven  pump  units  were  used.  Each 
is  capable  of  delivering  i,ooo  gallons  per  minute  against  a  pressure 
of  256  pounds.     The  niotors  are  Westinghouse  2-phase  2,300-volts; 
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the  pumps  are  Worthiiif^ton  4-stagc  centrifugal,  and  tfic  pipe  and  fit- 
tings Crane  Co.  Another  plant  consisting  of  two  belt-driven  units  for 
working  the  Cascades  and  Geyser  Basin  was  installed  on  the  main 
grounds.  Here  Krogh  Mfg.  Co.  centrifugal  pumj)s  and  Allis-Chalmers 
motors,  one  50  horse  i)ower  and  one  100  horse  power  were  used.  The 
main  intake  and  discharge  pipes  are  wood-stave  of  local  manufacture, 
20-inch  and  18-inch  respectively.  By  an  ingenious  arrangement  of  the 
discharge  end  of  the  6-inch  fountain  supply  pipe,  the  water  is  made  to 
spout  like  a  geyser  while  the  flow  of  12,000  gallons  per  minute  over 
the  Cascades  is  also  broken  up  so  as  to  give  the  effect  of  twice  its 
real  flow. 

Exhibits. — In  the  newer  countries  the  pursuits  are  necessarily  in- 
clined to  agriculture.  It  is  not  strange,  therefore,  that  many  of  the 
best  exhibits  are  along  these  Hues.  Fruit  products  for  which  Oregon 
and  Washington  are  noted  are  especially  in  prominence. 

The  government  exhibits  are  more  complete  than  ever  before  and 
occupy  more  floor  space  than  at  any  previous  exposition.  A  working 
exhibit  of  the  telepost  system  is  in  evidence,  as  well  as  a  working 
model  of  the  automatic  violin  and  organ — an  electrically  operated 
mechanism  which  gives  wonderfully  beautiful  and  correct  music. 
X-ray  and  medical  apparatus  and  a  comprehensive  forestry  exhibit 
arc  all  of  interest  to  the  engineer.  Everywhere  about  the  grounds  the 
educational  aspect  of  this  exposition  is  evidenced  by  the  unusual 
number  of  lecture  rooms  fully  equipped  with  stereopticon  lamps  and 
other  facilities  for  the  daily  and  hourly  lectures.  The  Forestry  build- 
ing is  full  of  pleasing  exhibits,  but  none  more  striking  than  two  tim- 
bers at  the  rear,  one  a  piece  18  inches  square  and  160  feet  long,  and 
another  54  inches  square. 

The  display  of  locomotives  attracts  the  mechanical  engineer,  espe- 
cially the  pair  furnished  by  the  Great  Northern  Railway — one  the 
pioneer  wood-burning  engine  No.  i,  the  other  the  latest  compound 
articulated  type  designed  for  oil  burning  and  weighing  complete  a 
half-million  pounds.  The  draw  bar  pull  is  asserted  to  be  13  times 
that  of  the  pioneer,  and  one  is  prepared  to  accept  the  statement. 

The  electrically  inclined  will  find  interest  in  the  complete  display 
furnished  by  the  General  Electric  Company  in  the  Machinery  building. 
All  classes  of  lighting  apparatus  and  small  power  machinery  are 
shown,  as  well  as  a  large  electric  cooking  outfit.  This  is  complete  for 
every  conceivable  purpose.  The  Roebling  Company  exhibit  is  in  this 
building  and  is  also  very  attractively  arranged. 

The  mecca  of  the  mining  men  is  the  Mines  building,  wherein  are 
shown  the  mineral  wealth  and  resources  of  Washington  and  Idaho. 
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The  exhibits  include  all  kinds  of  clay,  stones,  minerals,  and  ores.  Of 
the  latter,  samples  of  gold  assaying  $24,000  per  ton  are  shown.  These 
are  noted  to  have  come  from  a  certain  Washington  mine  that  two 
years  ago  was  sold  for  taxe^.  The  crude  and  the  finished  product  of 
the  Washington  Portland-cement  industry  are  shown  and  the  statistics 
give  the  present  daily  output  at  2,400  barrels,  while  the  supply  of  raw 
materials  is  sufificient  at  convenient  points  to  make  a  daily  output  of 
2,400,000  barrels  easily  possible.  Samples  of  ores  from  all  the  counties 
of  the  State  are  shown  giving  a  combined  representation  of  over  200 
mines.  An  exact  model  of  a  coal  mine  is  an  interesting  feature.  The 
whole  exhibit  is  meant  to  be  of  distinct  service  to  the  people  in  a  very 
practical  way,  for  the  people  of  the  State  are  invited  to  send  soil,  clay, 
and  ore  samples  for  analysis  in  order  that  they  may  know  to  what 
any  given  clay,  etc.,  is  adapted.  The  mineral  wealth  as  well  as  the 
agricultural  wealth  of  these  northwest  States  is  extremely  diversified, 
as  is  strikingly  shown  by  the  exhibits.  The  rich  Coeur  d'Alene  district 
of  Idaho  is  well  represented  by  large  and  valuable  exhibits.  In  the 
Mines  building  are  given  daily  demonstrations  of  mines  rescue  work, 
and  various  new  mining  machinery  is  shown. 

The  world  has  regularly  been  informed  through  the  press  of  the 
gold  shipments  reaching  Seattle  from  Alaska  yearly.  A  display  cage 
in  the  Alaska  building  containing  $1,100,000  of  Alaska  gold  in  various 
forms  makes  these  reports  seem  more  real. 

At  the  foot  of  Pay  Streak  is  an  amusement  feature  that  gives 
promise  of  a  commercial  importance.  The  Vacuum  Tube  Railway  is 
an  adaptation  of  the  department-stores  cash  tubes,  the  cylinder  being 
designed  to  carry  people  instead  of  money.  The  experimental  track 
is  about  2,700  feet  long  and  a  car  containing  10  people  is  taken  b}' 
suction  through  this  length  at  the  rate  of  30  miles  per  hour.  A  75 
horse  power  motor  driving  an  exhaust  fan  is  the  motive  pow'er,  and 
speeds  up  to  150  miles  per  hour  are  promised  by  the  promotors. 

No  description  however  technical  would  be  complete  without 
special  mention  of  the  landscape  architecture.  Never  before  in  this 
country  has  such  a  wealth  and  profusion  of  flowers  and  shrubs  and 
trees  been  gathered  together  as  are  now  in  full  beauty,  and  the  wizard 
of  Olmstead  Brothers,  Mr.  James  F.  Dawson,  who  has  had  this  work 
in  charge,  has  so  planted  and  arranged  that  flowers  of  some  kind  will 
be  in  this  same  gorgeous  abundance  throughout  the  period.  As  an 
indication  of  what  has  been  done  it  may  be  stated  that  over  1,500,00^.^ 
pansy  plants,  35,000  geraniums,  and  uncounted  roses  and  other  flowers 
are  now  in  bloom  on  the  grounds.     The  Formal  Gardens  below  the 
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Geyser  Basin  arc  a  rcniarkal)lc  development  and  contain  flori  I  speci- 
mens that  never  before  have  been  grown.  The  floral  display  is  prob- 
ably the  most  striking  feature  of  this  i^^xposition. 

Conclusion. — In  conclusion  it  is  fitting  to  look  into  the  future  and 
endeavor  to  forecast  the  results  of  this  Exposition.  The  benefits  should 
be  threefold,  viz : — educational,  constructive  and  financial. 

The  educational  features  are  everywhere  in  evidence.  Almost 
every  building  has  a  lecture  room  and  a  stereopticon  which  are  daily 
being  used  by  experts  in  their  lines  to  tell  visitors  of  the  wonders  of 
the  Northwest.  All  exhibits  have  been  gotten  together  and  arranged 
with  this  same  predominating  idea,  and  thus  must  the  Eastern  visitors 
especially  take  away  wdth  them  a  living  conception  of  the  Xorthwesi 
country  such  as  they  never  before  dreamed  of. 

The  constructive  side  of  this  Exposition  must  follow^  because  first 
of  all  thousands  will  be  attracted  here  by  what  they  have  seen.  The 
significance  of  this  enterprise  is  also  of  especial  moment  in  connection 
with  the  University  of  Washington.  With  a  superb  location  and  al- 
ready well  provided  with  buildings  and  equipment,  it  will  next  Autur..n 
find  itself  in  possession  of  some  $2,000,000  more  of  practically  per- 
manent structures  and  grounds,  all  constructed  on  such  large  scale  h*-: 
will  provide  for  much  further  growth.  The  University  may  retain 
any  building  it  desires  and  probably  will  designate  about  twelve, 
which  range  in  value  from  $200,000  to  $10,000  each.  What  all  this 
means  to  educational  interests  can  be  best  appreciated  by  those  w  1  ) 
know  how  difficult  the  early  growth  of  a  State  university  usually  i^ 

As  to  financial  results  not  much  can  be  said.  As  a  business  enter- 
prise the  fair  has  thus  far  been  a  success.  It  has  been  run  on  abso- 
lutely business  principles,  with  rigid  economy,  so  that  the  start  was 
made  right.  Up  to  June  i,  the  total  attendance  was  nearly  700,000, 
which  is  way  ahead  of  the  early  estimate,  and  it  now  seems  probable 
that  3,500,000  admissions  will  be  the  final  total,  or  nearly  double  the 
original  estimates.  With  this  attendance  the  exposition  may  easily 
prove  in  itself  a  financial  success,  and  if  so  it  will  be  a  record-maker. 
The  larger  financial  success  is  assured,  however,  because  of  what  will 
come  indirectly  to  the  Northwest,  to  Washington,  to  Seattle,  and  to 
the  University  of  Washington.  The  A.  Y.  P.  Exposition  will  go 
down  in  history  as  the  most  successful  Fair  ever  held,  and  in  no  small 
measure  wall  this  be  due  to  the  fact  that  it  was  "The  Fair  That  Was 
Readv  on  Time." 


THE   STEAM   TURBINE   AND   THE  RECIPROCATING 
ENGINE   FOR   MARINE   PROPULSION. 

By  Ira  N.  Hollis. 

In  two  articles  published  in  our  7\pril  and  May  issues,  Professor  Hollis  reviewed  the 
history  of  the  design,  manufacture,  and  installation  of  the  low-pressure  steam  turbine  and 
discussed  its  economic  importance  as  an  adjunct  to  the  reciprocating  engine  in  stationary 
steam  plants.  The  second  phase  of  his  argument  has  broadened  to  include  the  entire 
question  of  the  turbine  in  marine  service,  either  in  conjunction  or  in  competition  w'ith 
engines  of  the  older  type.  Last  month's  installment  was  concerned  with  examples;  this 
month's  concludes   the   discussion    with    formulated    deductions. — -The    Editors. 

THE  chief  difficulty  in  the  way  of  the  steam  turbine  has  been  the 
screw  propeller.  Certain  sacrifices  in  efficiency  have  been  neces- 
sary in  adapting  the  two  to  each  other.  While  the  turbine  can 
be  designed  for  low  speed,  its  size  and  weight  then  run  up  too  much 
for  marine  practice  and  it  no  longer  compares  favorably  with  the  re- 
ciprocating engine  except  in  economy.  The  number  of  stages  in  the 
Parsons  machine  grow  greater  as  its  rotative  speed  grows  less,  so  that 
the  casings  and  disks  stretch  along  the  shaft  inordinately.  The  in- 
ventor found  this  true  even  for  the  high  speed  at  which  the  turbine 
was  run,  and  he  placed  the  successive  groups  of  stages  in  different 
casings  on  separate  shafts  as  explained  before.  The  Curtis  turbine, 
on  the  other  hand,  is  usually  increased  in  diameter  for  low  rotative 
speed.  This  adds  rapidly  to  the  weight  on  the  shaft  and  becomes 
prohibitive  below  a  certain  speed.  We  thus  have  the  curious  par- 
adox of  more  turbine  for  low  speeds  than  for  high.  Up  to  this 
time,  no  marine  turbine  has  been  designed  for  the  low  rotative  speed 
of  the  reciprocating  engine  of  freight  ships. 

Given,  then,  a  limit  of  weight  for  the  power  demanded  by  a  ship, 
the  turbine  requires  for  economical  performance  much  higher  rotative 
speed  than  the  steam  engine.  Its  whole  efficiency  is  dependent  upon 
high  speed  unless  excessive  weight  and  complication  are  permissible. 
The  screw  propeller  is  exactly  the  reverse.  It  must  be  run  at  low 
speed  to  avoid  great  frictional  and  slip  losses.  A  compromise  then 
follows  by  which  both  the  propeller  and  turbine  are  sacrificed  for  a 
speed  at  which  they  work  together  with  greatest  economy.  The 
truth  is  that  erroneous  conclusions  are  easily  reached  by  separating 
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the  two  in  comparing  Uic  performance  of  the  sliips  equipped  with 
different  types  of  propelling  apparatus.  The  prime  mover  and  the 
propeller  must  invariably  be  treated  as  a  unit. 

Another  consideration  is  that  the  turbine  falls  off  more  rapidly  in 
efficiency  than  the  steam  engine  as  the  speed  decreases.  For  this 
reason,  it  is  not  specially  adapted  to  war  vessels  which  usually  steam 
at  only  half-speed.  Cruising  turbines  have  been  added  by  Mr. 
Parsons,  which  is  only  another  method  of  increasing  the  number 
of  stages  for  low  rotation  of  the  shaft  but  it  is  doubtful  if  even  this 
addition  serves  the  purpose.  So  far,  the  reciprocating  steam  engine 
has  the  advantage  at  low  speeds  in  all  classes  of  ships. 

A  few  examples  of  sister  ships  using  different  types  of  propelling 
machinery  will  serve  to  show  the  relative  rotation  speeds.  Among 
these  the  most  interesting  are  the  three  scout  cruisers,  Birmingham, 
Salem,  ai-y:!  Chester,  fitted  respectively  with  triple-expansion  engines, 
Curtis  turbines,  and  Parsons  turbines.  The  data  in  the  small  table 
are  taken  from  the  acceptance  trials,  as  the  results  of  the  recent  tests 
are  not  yet  available  for  publication.  The  German  cruisers  are  taken 
from  a  paper  by  Mr.  Bauer. 


Snecd 

Revolutions 

Percentage 

Name  of  Ship. 

Type  of  Engine. 

in  Knots. 

per  Minute. 

Slip  of 
Propeller. 

I.  Birmingham 

Reciprocating 

22.5 

1 72. 1 

12.65 

2. 

(< 

24-33 

191.7 

15.8 

3.  Salem 

Curtis   Turbine 

22.5 

312.5 

16.17 

4.       " 

a                         (t 

2595 

378. 

20.28 

=;.  Chester 

Parsons  Turbine 

22.5 

473- 

18.46 

6.      " 

(t              << 

26.52 

614. 

2556 

7.  German  Cruiser 

Reciprocating 

23- 

143- 

8. 

Parsons  Turbine 

23. 

528. 

9. 

Reciprocating 

24. 

187. 

ID. 

Curtis  Turbine 

24. 

335. 

The  total  indicated  horse  power  for  all  machinery,  including 
auxiliaries,  on  the  Salem  was  10,836  at  223/2  knots.  This  was 
obtained  by  adding  10  per  cent  to  the  shaft  horse  power  recorded  by 
the  torsion  meter.  On  the  Birmingham  the  power  for  all  purposes 
was  practically  the  same,  being  11,098  at  22^  knots.  The  power  on 
the  Chester  was  not  recorded  owing  to  some  defect  in  the  measuring 
apparatus. 

In  the  case  of  the  first  two  German  cruisers  the  shaft  power  of 
the  Parsons  turbine  exceeded  the  indicated  power  of  the  reciprocating 
engines  by  10  per  cent  while  for  the  second  two  the  reverse  was  true, 
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the  Curtis  turbine  requiring  ii  per  cent  less  power  on  the  shaft  than 
the  indicated  power  of  the  reciprocating  engine. 

Comparisons  of  this  kind  are  very  unsatisfactory,  however,  as  the 
relation  between  the  indicated  horse  power  of  the  reciprocating 
engine  and  the  effective  power  on  the  shaft  depends  upon  too  many 
facts  to  be  well-known  for  any  special  case,  except  after  extensive 
experiments  for  the  purpose  of  ascertaining  accurately  the  work  lost 
in  friction.  Besides,  it  is  very  difficult  to  take  account  of  the  efifect 
of  different  designs  of  screws  upon  the  hull  resistance.  No  two  ships 
have  exactly  the  same  auxiliaries  and  no  two  crews  ever  work  with 
precisely  the  same  efficiency.  Consequently  no  fair  bases  of  com- 
parison have  yet  been  established  and  the  results  are  likely  to  be  in- 
conclusive. 

The  only  sound  conclusion  to  be  reached  from  the  data  at  hand  is 
that  in  the  matter  of  power,  weight,  and  economy  there,  is  little  to 
choose  between  the  reciprocating  engine  and  the  turbine  for  speeds 
between  20  and  25  knots,  with  perhaps  a  preponderance  in  favor  of 
the  latter.     Below  20  knots  the  results  are  largely  in  favor  of  the 
former.     The  Birmingham's  engines  will  probably  be  found  to  gain 
over  the  other  two  in  economy  and  ease  of  handling  as  the  speed 
decreases.     But  this  is  not  the  whole  question  for  a  man-of-war.    Her 
maximum  speed  may  be  required  for  onlyshort  intervals  or  in  emer- 
gencies, but  when  it  is  needed,  it  is  needed  badly ;  consequently,  the 
machine  which  will  maintain-  that  speed  reliably  will  invariably  be 
chosen.     There   is   another   aspect   of   the   case,  for   battleships   and 
armored  cruisers  and  that  is  the  vibration.     A  steam  engine  may  be 
balanced   for  the   reciprocating  weights,  but   it  cannot   be  balanced 
against  variations   in  the   turning  moment,   and   therefore  any   ship 
using  it  will  be  subject  to  vibrations  against  which  the  steam  turbine 
is  perfectly  free.     Another  thing,  the  latter  drives  a  smaller  screw 
and  the  immersion  can  be  made  deep  enough  to  lessen  the  throb  of 
the  propeller  materially  so  that  vibration   from  that  cause   may   in 
large  part  be  eliminated.     The  vibration  is  of  small  moment  in  a 
freight  ship  and  it  is  not  of  primary  importance  even  in  a  passenger 
ship ;  but  it  may  become  very  serious  in  battleships  if  it  interferes 
with  sighting  the  guns  while  moving  at  high  speed.     On  this  issue 
the  turbine  should  undoubtedly  be  selected  for  all  heavily  armed  ships. 
The  types  of  ships  for  which  the  turbine  is  to  be  preferred  to  the 
reciprocating  engine  arc  war  vessels  and   passenger  ships  of  high 
speed,  but  it  must  be  remembered  that  by  far  the  greater  part  of  the 
world's  commerce  is  carried  in  freighters  of  very  moderate  or  low 
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speed.  For  these  the  reciprocating  engine  must  be  used  until  a  more 
efficient  turbine  at  low  rotative  speeds  can  be  designed,  or  a  more 
efficient  propeller  at  high  speeds.  The  three-cylinder  triple-expansion 
engine  occupies  this  great  field  admirably.  The  exact  speed  at 
which  it  should  give  place  to  the  turbine  has  not  yet  been  worked 
out  for  different  classes  of  ships.  The  deciding  factors  are  probably 
displacement  and  shape  of  hull,  together  with  the  arrangement  and 
design  of  propellers. 

The  last  word  has  not  been  spoken  about  either  method  of  driving 
ships.  It  is  possible  that  few  more  large  reciprocating  engines  will 
be  built  for  ships  exceeding  20  knots  in  speed,  and  that  few  turbines 
will  be  used  in  freighters  and  other  vessels  with  a  speed  of  15  knots 
or  less.    Between  15  and  20  knots  the  field  is  open  to  either. 

A  compromise  in  the  nature  of  a  combination  of  the  two,  giving 
to  the  steam  engine  the  high-pressure  part  and  to  the  steam  turbine 
the  low-pressure  part,  may  ultimate  become  the  standard  method  of 
propulsion  excepting  for  very  high  or  very  low  speeds.  This  combi- 
nation has  been  tried  with  very  favorable  results  in  several  cases. 
It  was  used  first  in  the  Velox,  a  torpedo  destroyer  built  for  the 
Parsons  Marine  Steam  Turbine  Company  in  1903  and  sold  to  the 
British  Admiralty.  Two  triple-expansion  reciprocating  engines  of 
150  horse  power  are  coupled  to  the  central  shafts  carrying  the  low- 
pressure  turbines.  For  cruising  the  steam  enters  the  two  steam 
engines  and  passes  successively  through  the  outside  wing  turbines 
and  the  central  low-pressure  turbines.  For  high  power,  the  steam 
engines  are  uncoupled.  When  the  low  power  of  the  reciprocating 
engines,  300  horse  power,  is  compared  with  the  10,000  developed  by 
the  turbines,  the  installation  in  the  Velox  becomes  a  very  poor  test 
of  the  combination. 

A  torpedo  boat  built  by  the  Yarrow  Company  in  1903  had  a  triple- 
expansion  engine  on  the  centre  shaft  for  cruising  purposes  and  led 
the  exhaust  direct  to  the  condenser.  The  engine  was  .entirely 
independent  of  the  turbines  on  the  wing  shafts,  and  was  therefore  not 
used  in  combination  with  them.  These  turbines  were  of  the  Rateau 
type  and  this  boat  made  on  trial  26.39  knots  with  the  reciprocating 
engine  at  576  revolutions  per  minute  and  the  turbines  at  1,300. 

The  first  real  test  of  the  combination  for  marine  service  was  in 
the  Otaki,  built  in  1908  for  the  New  Zealand  Shipping  Company. 
She  is  said  to  be  about  10  per  cent  more  economical  than  her  sister 
ships,  the  Orari  and  Opawa,  fitted  with  reciprocating  engines.  The 
best  example  of  the  combination  is  aflforded  by  the  White  Star  Liner 
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Laurentic  built  for  the  British-Canadian  service.  The  ship  is  565 
feet  long  by  67  feet  beam  and  14,500  gross  tonnage.  There  are 
three  screws.  Each  wing  shaft  is  coupled  to  a  four-cylinder  triple- 
expansion  engine  of  7,8ou  horse  power  and  the  centre  shaft  is  driven 
by  a  low-pressure  turbine  of  4,600  horse  power.  There  are  two  con- 
densers used  for  the  turbine,  or  for  the  exhaust  of  the  wing  engines 
when  the  turbine  is  not  running.  A  large  change  valve  in  the  exhaust 
nozzle  of  the  steam  engines  enables  the  engineer  to  turn  the  exhaust 
quickly  from  the  turbine  to  the  condenser  when  reversing.  The  total 
horse  power  is  about  20,000  and  the  ship  is  to  make  18  knots.  The 
steam  engines  in  this  arrangement  seem  rather  large  for  such  a  com- 
bination but  the  designer  was  probably  influenced  somewhat  by  the 
requirements  for  navigating  the  St.  Lawrence  River. 

The  types  of  ships  to  which  this  combination  seems  to  be  specially 
adapted  are  high-speed  cruisers  and  battleships  which  usually  cruise 
at  low  speed  for  the  purpose  of  saving  coal.  Several  possible 
arrangements  and  designs  of  machinery  suggest  themselves.  Those 
adopted  for  the  Laurentic  would  be  satisfactory,  but  the  proportion 
of  power  on  the  triple-expansion  engines  is  too  great.  The  best 
general  design  would  probably  be  two  three-cylinder  compound 
engines  on  the  wing  shafts  with  a  low-pressure  turbine  on  the  centre 
shaft  capable  of  taking  half  the  power  at  full  speed.  For  maximum 
power  live  steam  might  be  turned  into  all  the  cylinders  with  the 
exhaust  going  to  the  turbine.  For  small  speeds  the  wing  engines 
could  be  used  as  compound  with  the  exhaust  going  direct  to  the 
condenser,  and  the  centre  screw  uncoupled. 

A  method  of  transmission  by  electricity  has  been  suggested  by  a 
number  of  engineers  as  the  best  solution  of  the  marine  problem,  and 
recently  a  paper  by  Mr.  W.  P.  Durtnall  before  the  British  Institute 
of  Marine  Engineers  has  presented  the  case  in  concrete  form.  He 
proposes  high-speed  turbines  to  drive  generators  from  which  the 
current  passes  to  motors  on  the  main  shafts.  He  would  use  poly- 
phase alternating  currents  with  synchronous  generators  and  squirrel- 
cage  induction  motors  for  the  purpose  of  keeping  down  weight  and 
promoting  efficiency  of  transmission  at  a  number  of  speeds.  One 
example  worked  out  with  a  view  to  determining  the  actual  weight  of 
machinery  for  a  4,000-horse-power  ship  gave  20.5  pounds  per  shaft 
horse  power.  This  is  heavier  than  for  all-turbine  propulsion,  but 
inasmuch  as  there  will  be  greater  economy  in  the  use  of  steam  for  all 
speeds  the  reduction  of  weight  in  the  fire  room  will  more  than  oflfset 
the  increase  in  the  engine  room,  and  the  total  weight  chargeable  to 
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propulsion  will  be  less  than  that  for  all-turbine  or  all-.sleam-c:i^inc 
installations.  The  calculation  is  entirely  theoretical  and  for  that 
reason  it  is  not  convincing.  The  problem  will  have  to  be  tried  out 
practically  at  sea  before  Mr.  Durtnall's  figures  can  be  accepted  with 
confidence ;  nevertheless  the  system  proposed  would  be  ideal  in  many 
respects.  The  motors  could  be  designed  for  the  most  efficient 
propellers  and  then  a  combination  good  for  all  speeds  might  be 
w^orked  out.  One  very  great  advantage  in  this  system  would  be 
complete  control  of  the  ship  as  a  whole  from  the  pilot  house.  The 
motors  could  be  reversed  by  a  switch  and  the  fire-rooms  could 
generally  be  warned  through  voice  tubes  about  the  demand  for  steaiu. 
The  turbine  installation  would  be  exactly  like  that  of  any  electric- 
light  station. 

Another  system,  mentioned  in  The  Engineering  Magazine  for 
April,  would  be  the  combination  of  steam  engines,  turbines,  genera- 
tors, and  motors.  By  this,  the  two  screws  would  be  operated 
primarily  by  two  compound  or  triple-expansion  engines  discharging 
the  exhaust  into  low-pressure  turbines,  wdiich  in  their  turn  would 
drive  generators  instead  of  screws.  By  then  turning  the  current  into 
motors  on  the  main  shafts,  the  steam  engines  could  be  assisted  to 
any  desired  extent  for  going  ahead  or  astern.  The  flexibility  and 
economy  of  this  system  recommends  it  especially  for  cruising  vessels 
which  are  seldom  run  at  maximum  speed. 

Other  systems  have  been  suggested ;  in  fact,  when  the  producer 
and  gas  engine  are  added  to  the  list,  the  probable  outcome  of  the  keen 
competition  for  the  field  cannot  be  predicted.  The  whole  subject  of 
marine  propulsion  is  in  such  a  state  of  flux  that  anything  may  survive. 
It  is  possible  that  the  steam  engine  may  take  a  new^  lease  of  life  for 
high-speed  ships  and  come  back  to  its  owm  once  more.  While  all 
sorts  of  schemes  are  put  forward,  one  test  should  invariably  be 
applied ;  that  is,  the  probability  of  derangement  or  breakdown.  That 
probability  is  increased  more  than  in  proportion  to  the  number  of 
links  between  the  boiler  and  the  propeller.  It  is  just  like  multiplying 
a  number  of  efficiencies  together — the  ultimate  efficiency,  as  well  as 
the  ultimate  reliabilitv,  is  less  than  that  of  any  single  link.  Con- 
sequently, the  all-turbine  or  the  all-steam-engine  machine  is  to  be 
preferred  on  board  ship  to  any  combination  for  eflfccting  economy, 
unless  the  gain  more  than  offsets  the  loss  from  probable  repairs.  One 
of  the  most  useful  devices  for  marine  work  would  be  a  thoroughly 
reliable,  noiseless  gear  of  liigh  enough  efficiency  to  make  it  worth 
using   with    a    very   high-speed    turbine.      If    it    could    be    designed 
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for  variable  speed  as  well  as  reversing,  the  steam  turbine  would  soon 
replace  the  steam  engine  in  all  classes  of  ships. 

An  interesting  example  of  the  system  proposed  by  Mr.  Durtnall 
applied  to  a  special  case,  is  jn  actual  use  for  the  Chicago  fire-boats 
Joseph  Medill  and  Graeme  Stewart,  designed  by  Mr.  W.  I.  Babcock. 
There  is  a  central  station  of  two  66o-horse-power  Curtis  turbines 
direct  connected  to  two  220-kilowatt  direct-current  generators  and 
two-stage  centrifugal  pumps.  The  current  from  the  generators  is 
conducted  to  variable-speed  motors  on  the  two  propeller  shafts.  The 
motors  can  be  controlled  from  the  pilot  house,  as  well  as  from  the 
engine  room,  and  the  captain  can  easily  direct  the  movement  of  his 
boat  without  signalling  to  the  engineer.  When  the  ship  is  going  to 
a  fire  the  power  can  be  thrown  on  the  generators  and  motors  by 
letting  the  centrifugal  pumps  remain  dry,  and  when  lying  still,  the 
whole  power  of  the  turbines  can  be  used  in  pumping  water.  The 
test  of  these  ships  gave  very  satisfactory  results  both  for  propulsion 
and  pumping.  The  weight  of  machinery  does  not  appear  in  the 
report.  That  was  in  this  case  not  a  controlling  factor,  and  yet  the 
total  weight  of  machinery  boilers  and  pumps  was  doubtless  taken 
into  consideration. 


RECENT   DEVELOPMENTS   IN  CONVEYING 
MACHINERY    FOR   COAL   AND   ASHES. 

By  Wilbur  (7.  Hudson. 

On  account  of  the  fullness  of  Mr.  Hudson's  discussion  and  the  large  volume  of 
illustration,  his  article  has  been  divided  between  two  issues.  The  first  part,  published  in 
July,  covered  the  general  characteristics  of  bolt  and  chain  conveyors  and  rigid  bucket 
carriers  and  took  up  typical  installations  for  coal  conveying  and  the  general  problems  of 
boiler-plant  coal  handling.  This  month's  installment  concludes  the  review  with  a  consid- 
eration of  storage  facilities,  special  installations,  automatic  weighing,  ai.d  aslies  hand- 
ling.-— The   Editors. 

WHERE  the  power-plant  location  permits,  the  overhead- 
bunker  storage  should  ordinarily  be  supplemented  by  an 
outdoor  ground  storage  as  a  reserve.  The  locomotive 
crane  with  automatic  bucket  offers  about  the  cheapest  method  of 
stocking  out  and  reclaiming.  The  crane  will  cost  about  $6,ooo, 
and  there  will  be  in  addition  usuall}'  the  cost  of  a  dumping  pit 
for  cars  and  the  crane  track,  making  an  additional  $500  or  $1,000. 
Where  an  extensive  ground  storage  is  desired,  the  crane  must  be 
supplemented  by  some  form  of  conveying  system  to  attain  an}' 
satisfactory  rate  of  handling. 

Two  examples  will  suffice : — The  coal-handling  system  of  one  of 
the  Boston  Elevated  Railway  Company's  power  houses,  with  a  con- 
sumption of  about  3,000  tons  per  month  (Figure  15),  consists  of  an 
overhead  storage  bin  served  by  a  50-foot  inclined  continuous  bucket 
elevator,  which  discharges  into  a  reversible  suspended-flight  distrib- 
uting conveyor  of  160  feet  centers.  For  reserve  storage  a  30- foot 
radius  locomotive  crane  on  a  circular  track  handles  coal  from  cars 
to  stock  pile,  and  back  into  the  elevator  boot  when  required.  Power 
and  costs  are  as  follows : 

Conveying  system: — Power  required,  15  kilowatts.  One  man 
attends  to  conveyor.  Repairs  average  two-tenths  of  a  cent  per  ton 
handled.  Cost  of  handling,  including  power,  supplies,  attendance 
and  repairs,  3  cents  per  ton.  The  crane  when  in  service  costs  an 
average  of  3  cents  per  ton  handled,  for  power,  attendance,  repairs 
and  supplies. 

775 


776 


Coal  and  a  suns  ham  dung  machinery. 


777 


FIG.    15.       ELEVATOR    SERVED    BY    LOCOMOTIVE    CRANE    FROM    STOCK    PILE,    BOSTON 

ELEVATED    RAILWAY. 

As  an  example  of  a  larger  and  more  complete  system  the  Second 
Street  power  plant  of  the  Brooklyn  Rapid  Transit  Company  is  inter- 
esting. The  storage  bunkers  are  at  a  considerable  elevation  above  the 
wharf,  and  transfer  from  wharf  to  bunkers  is  made  in  one  operation 
by  means  of  duplicate  24  by  24-inch  pivoted-bucket  Peck  carriers. 

Coal  is  unloaded  from  boats  either  by  the  hoisting  tower  operating 
a  2-ton  clamshell  bucket,  or  by  locomotive  cranes,  and  is  delivered 
to  either  or  both  of  the  pivoted-bucket  carriers  extending  back  from 
the  wharf  200  feet,  then  vertically  no  feet,  and  horizontally  180 
feet  over  the  bunkers.  These  carriers  operate  at  a  speed  of  54 
feet  per  minute  and  have  a  full  load  capacity  of  90  tons  per  hour 
each.     Power  consumption,  light  10  horse  power;  loaded,  22  horse 
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FIG.    l6.    DCDGE  CARRIER   SYSTEM   FOR  COAL  AND  ASHES,   WANAMAKER  POWER   HOUSE, 

PHILADELPHIA. 

power  for  each  machine.  The  efficiency  is  very  high  and  the  cost 
per  ton  handled  for  power,  suppUes,  and  attendance  remarkably  low, 
namely;  one-tenth  of  a  cent  per  ton.  Steam  sizes  of  anthracite  are 
handled. 


Coal  and  ashes  hand/jxc  MACiuxnkv 


?) 


Adjacent  to  the  power  house  is  the  reserve  storage  of  '00,ooo 
tons.  A  Robins  belt  conveyor  carried  on  a  timber  trestle  stocks  out 
coal,  and  reclaiming  is  accomplished  by  another  Robins  belt  con- 
veyor in  a  tunnel  beneath  the  pile,  assisted  by  a  locomotive  crane 
after  the  portion  (about  50  per  cent)  which  will  flow  directly,  is 
rehandled.  This  tunnel  conveyor  in  turn  delivers  to  another  belt 
which  discharges  into  the  pivoted-bucket  carriers  already  mentioned. 
Stocking  out  ami  rehandling  by  this  method  will  run  about  3  cents 
per  ton  for  labor,  pow^r,  and  supplies,  exclusive  of  the  cost  of  un- 
loading from  boats,  which  by  unloading  tower  or  crane  costs  from 
2  to  3  cents  per  ton. 


FIG.   17.      DODGE  CARRIER. 

PivoTED-BucKET  CARRIERS. — Where  the  design  of  the  plant  re- 
quires conveying  machinery  adapted  to  the  combined  service  of  hand- 
ling coal  and  ashes,  the  pivoted-bucket  carrier  is  hard  to  excel.  Ashes 
liandling  is  very  hard  on  conveying  machinery,  and  the  constructioa 
of  the  carrier  permits  replacement  of  the  several  parts  as  corrosion 
or  wear  proceeds. 

Typical  of  this  combined  service  is  the  recent  installation  in  the 
new  Wanamaker  power  house  in  Philadelphia  (Figure  16).  Here 
the  inaccessible  position  of  the  storage  bunkers  makes  it  imperative 
that  the  conveying  machinery  should  be  reliable.  Coal  is  delivered 
by  wagons  at  the  street  level  to  a  reciprocating  feeder,  and  is  carried 
by  a  Dodge  carrier  up  and  over  the  storage  bins.  The  lower  horizon- 
tal run  of  the  machine  brings  it  beneath  the  ashes  discharge  gates  so 
that  ashes  may  be  handled  in  the  intervals  of  coaling.  Steam  sizes 
of  anthracite  coal  are  burned  exclusively. 

This  carrier  operates  at  a  speed  of  42  feet  per  minute.  The  ver- 
tical lift  is  114  feet.     Power  required  when  operating  light,  6  horse 
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power;  loaded  at  40  tons  per  hour,  16  horse  power,  showing  good 
efficiency. 

The  details  of  construction  are  (see  Figure  17)  as  follows:  The 
buckets  are  of  malleable  iron,  ^bout  ^  inch  thick,  and  24  by  24  inches 
in  plan.  They  are  carried  by  through  shafts  keyed  to  the  outside 
links.  The  ends  of  these  shafts  form  the  chain  pins.  The  inner 
links  are  bushed  to  obtain  the  necessary  bearing  surface,  oil  ducts 
extending  into  the  bearings  from  the  ends  of  the  shafts.     The  bush- 


FIG.    I 


MC  CASLIN    DIRECT-CONNECTED    DRIVER. 
Mead-Morrison   Mfg.    Co. 


ings  are  protected  by  chilled  cast-iron  collars  which  engage  the  driv- 
ing sprockets.  The  flanged  self-oiling  rollers  spaced  midway  in  the 
links  support  the  carrier  on  the  horizontal  runs  and  do  not  engage 
the  sprockets.  Auxiliary  spill  buckets  are  suspended  rigidly  between 
the  carrying  buckets  to  catch  the  leakage  at  the  loading  points,  re- 
turning their  load  to  the  main  buckets  at  the  next  upturn. 

Pivoted-bucket  carriers  for  elevating  coal  in  power-plant  service 
have  become  quite  popular.  Their  advantages  are,  slow  speed,  silent 
operation,  adaptability  to  change  of  direction  without  transfer,  high 
efficiency,  and  easy  renewal  of  worn  parts.  Their  disadvantages  are, 
danger  of  buckets  sticking  or  upsetting,  and  jamming  in  the  supports, 
and  the  difficulty  of  preventing  spill  at  the  loading  and  turning  points. 
Protection  against  jamming  may  be  had  by  connecting  with  the  driv- 
ing machinery  through  a  safety  pin  whose  margin  of  strength  be- 
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FIG.     19.       LOWER    RUN    OF    CONVEYOR,    WASHINGTON    UNION    TERMINAL. 
The  Anderson   type  filler  takes  coal  from   the   cross   belts  under  the   track  pits. 

C.   W.   Hunt  Co. 

yond  the  power  requirements  is  very  slight,  or  better  by  designing 
the  supports  so  that  the  buckets  will  clear  in  whatever  position  they 
may  come  around. 

Uncleanly  loading  is  guarded  against  variously  in  the  several 
latest  designs  of  carriers  of  which  the  following  may  be  noted: 

In  the  Hunt  carrier  (Fig.  19)  the  buckets  are  spaced  an  inch  or 
so  apart  and  are  loaded  by  a  special  device  consisting  of  a  series  of 
connected  funnels  at  the  loading  chute,  in  synchronism  with  and  dip- 
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FIG.    20.       THE    PECK    CARRIER. 


ping"  into  the  carrier  buckets,  so  that  each  bucket  received  its  proper 
charge  only. 

The  Webster  carrier  has  buckets  with  carefully  planed  lips,  and 
whose  pitch  is  very  slightly  less  than  the  pitch  of  the  carrier  chain 
links,  thus  depending  on  close  contact  to  eliminate  the  leakage. 

The  McCaslin  carrier  (Fig.  i8)  uses  overlapping  buckets.  These 
lap  the  wrong  way  after  tripping  for  discharge  and  are  reversed  by  a 
''righting  mechanism"  before  again  passing  the  loading  point. 

The  Dodge  carrier  (Figure  17)  has  small  auxiliary  buckets  hung 
beneath  the  apertures  between  the  main  buckets  to  catch  the  drip  and 
return  it  to  the  main  buckets  at  the  first  upturn. 

The  Peck  carrier  (Figure  20)  uses  overlapping  buckets  similar 
to  the  McCaslin,  but  they  are  attached  to  the  links  extended  beyond 
the  points  of  articulation,  to  receive  the  bucket  trunnions.  This  un- 
latches the  buckets  at  the  turns  by  giving  them  a  path  of  greater 
radius  than  the  chain  joints,  thereby  doing  away  with  a  righting  de- 
vice otherwise  necessary,  with  the  overlapping  bucket. 
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None  of  these  devices  for  preventing"  s])ill  at  the  loading  and  turn- 
ing points  is  particularly  effective.  The  difficulty  is  inherent  in  this 
type  of  conveyor  whose  many  advantages,  however,  far  outweigh  this 
defect. 

The  alternative  of  the  pivoted-bucket  carrier  for  handling  coal 
is  the  standard  arrangement  of  an  elevator  with  rigid  steel  buckets 
discharging  into  a  flight  conveyor  which  crosses  above  the  bunkers, 
and  is  provided  with  discharge  gates  at  convenient  intervals ;  or  in- 
stead of  a  flight  conveyor,  a  belt  with  movable  tripper.  This  is  a  well 
tried  out  system,  thoroughly  reliable,  and  by  many  preferred  to  the 
run-around  carrier  on  the  ground  of  lower  first  cost,  and  simpler 
construction.  The  elevator-conveyor  system  is  not  adapted  to  hand- 
ling ashes,  which,  however,  should  be  taken  care  of  by  separate  ma- 
chinery whenever  possible  to  do  so. 

Screw  conveyors  for  boiler  house  service  are  sometimes  used 
where  the  capacities  are  not  large.  In  their  favor  it  may  be  said, 
they  are  compact  and  lowest  in  first  cost.  Against  them  are  the  ob- 
jections negligible  in  small  installations,  but  increasingly  undesirable 
in  larger  ones,  that  they  are  wasteful  of  power,  unreliable  if  handling 
bituminous  coal,  and  of  high  maintenance  costs. 

Skip  Hoists. — Where  coal  is  delivered  by  wagon,  as  occurs  often 
at  boiler  houses  in  built-up  localities,  elevating  by  a  skip  hoist  is 
sometimes  favored.  This  consists  of  a  tub  holding  a  wagon  load, 
which  is  raised  vertically,  discharging  and  returning  to  its  loading 
position  automatically.  This  has  given  satisfaction  for  small  capaci- 
ties. The  automatic  feature  is  liable  to  disarrangement  if  governed 
by  electric  or  magnetic  control,  which  require  very  careful  adjust- 
ment and  skilful  handling  to  prevent  disaster. 

Several  designs  of  skips  are  on  the  market,  however,  in  which 
the  control  is  entirely  mechanical  and  positive,  and  free  from  the 
criticisms  noted  above. 

Skip  hoists  for  coal  handling  in  power  plants  have  no  advantages 
over  simple  bucket  elevators  or  carriers  and  in  this  service  are  less 
reliable  than  are  the  latter. 

Cable  ways  for  transfer  of  coal  are  very  often  employed,  but  are 
outside  the  field  of  this  article. 

There  are,  of  course,  many  variations  from  the  familiar  systems 
of  coal  and  ashes  handling  in  power  plants.  The  Jeffrey  Manu- 
facturing Company's  installation  at  the  Peoria  Gas  &  Electric  Com- 
pany, is  an  interesting  example.  (See  Figs.  21,  24).  Coal  is  unloaded 
from  pit  or  cars  by  an  unloading  tower  and  clam-shell  bucket,  which 
discharges  into  a  crusher  and  thence  onto  a  belt  conveyor  for  dis- 
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tribntion  to  the  bunk- 
ers. Ashes  are 
dumped  into  a  receiv- 
ing hopper  or  pit  and 
loaded  into  cars  by  the 
same  clam-shell  buck- 
et, in  the  intervals  of 
coaling,  or  as  conven- 
ient. 

An  operating  test 
of  the  plant  on  a  30- 
ton  car  of  screenings 
showed  complete  un- 
loading in  25  trips, 
taking  25  minutes. 
The  power  readings 
at  the  hoisting  tower 
were :  for  closing  the 
bucket,  44  kilowatts 
declining  to  28;  for 
hoisting,  72  kilowatts 
declining  to  50;  mo- 
mentary overload  of 
motor,  50  per  cent. 
The  trolley  motor 
readings  were  15.3 
kilowatts  in  and  15.1 
kilowatts  out.  A  com- 
parison of  costs  of  un- 
loading, placing  three 
months  of  hand  labor 
in  1907  against  three 
months'  operation  of 
the  tower  in  1908, 
showed  a  total  of 
3,984  tons  per  month 
under  the  former  con- 
ditions at  a  total  cost 
of  31.28  cents  per  ton, 
and  a  total  of  4,428 
tons    per    month    by 


FIGS.  22,  23.      SPECIAL  INSTALLATIONS   OF   WEP.STER  COAL-HANDLING    MACHINERY. 

Above  is  a  locomotive  coaling  station  and  ash-handling  plant  at  Allegheny,    Pa.;   below, 

bucket-elevator     and     conveyor     handling    coal     from     railway    to     vessel,     Marcus 

Hook,    Pa.;    hinged   type   two-strand   elevator,   buckets   20   by   IS   by   9   in.; 

coal    is    elevated    from    a   track    pit,    over   the   boom,    and    spouted 

into   the   hold.      One  man   can   raise   and   lower   the   boom 

to  clear  the  masts.     Webster  Mfg.  Co. 
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FIG.    24.       COAL-HANDLING    PLANT,    PEORIA    GAS     &    ELECTRIC    COMPANY. 

Jeffrey   Manufacturing   Co.      Bucket   capacity   40    cu.    ft.;    weight    5,200    lb.;    hoisting   motor 

55    h.p.,    series-wound;    hoisting    speed    225    ft.    per    minute;    trolley    motor    15    h.p. ; 

two-roll   crusher,    24   by   30   in.,    with   feeder  and    by-pass   conveyor   belt,    20-in. 

canvas  on  3  pulley  troughing  idlers,   with   automatically  propelled  tripper. 


mechanical  handling  at  a  cost  of  14.98  cents  a  ton  (power,  plus  labor, 
plus  current  at  i  cent  per  kilowatt,  plus  maintenance  at  i  cent  per 
ton),  the  difference  in  favor  of  the  tower  being  16.3  cents  per  ton. 

Coal  Weighing  Devices  With  Conveying  Machinery. 

When  in-coming  coal  can  be  weighed  in  bulk,  the  question  of 
weighing  between  receiving  hopper  and  stokers  does  not  enter.  But 
where  this  is  impracticable,  as  when  coal  is  received  by  boat,  some 
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means  of  weighing  is 
often  desired  as  a 
check.  There  are  sev- 
eral types  of  continu- 
ous weighers  on  the 
market  of  which  two 
may  be  outHned. 

The  Avery  contin- 
uous weigh  scales 
(Figure  25)  is  an 
English  invention,  and 
may  be  installed  at 
any  point  where  there 
is  a  transfer  of  coal 
with  reasonable  regu- 
larity of  flow.  A  drop- 
bottom  weigh -box 
is  suspended  at  one 
end  of  a  lever  arm 
balanced  by  a  counter- 
weight at  the  other 
end.  A  stream  of  coal 
enters  the  weigh-box  from  a  hopper  above,  through  a  cut-off  gate  con- 
trolled by  the  lever  from  which  the  weigh-box  is  hung,  so  that  as  the 
weigh-box  is  filled,  the  flow  is  gradually  reduced  and  finally  stopped 
as  the  scale  beam  is  exactly  poised.  The  weigh-box  doors  then  auto- 
matically open  for  discharge,  and  close ;  the  sequence  of  operations 
being  automatically  repeated  as  long  as  coal  is  fed  to  the  upper  hop- 
per. The  number  of  weighings,  hence  the  total  weight,  is  registered 
by  suitable  recording  mechanism. 

The  Blake-Denison  continuous  weigher  is  intended  to  weigh 
material  while  upon  a  belt  conveyor  or  pivoted-bucket  carrier.  A 
section  of  conveyor,  say  20  feet,  is  suspended  from  the  scale  levers 
and  the  recording  device  records  the  weight  of  material  on  this 
length  of  belt  each  time  the  belt  travels  20  feet.  Every  portion  of 
material  is  thus  weighed.  Figure  28  shows  the  weighing  mechanism 
in  detail.  A  steelyard  balanced  to  suit  the  unloaded  suspension  is 
delicately  pivoted  so  as  to  rise  a  distance  proportional  to  the  weight 
on  the  section  of  belt  being  weighed.  A  gripping  lever  locks  the 
yard  arm  in  position  the  instant  it  takes  its  position,  and  a  measuring 
quadrant  swings  over  toward  the  yard  arm  until  it  comes  in  contact. 


FIG.    25.       AVERY    CONTINUOUS    WEIGHER. 
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then  reverses  carrying  pawls  which  rotate  the  ratchet  wheel  and  indi- 
cator a  distance  dependent  upon  the  forward  movement  of  the  quad- 
rant, which  in  turn  was  controlled  by  the  position  of  the  yard  arm. 
Oscillation  of  the  yard  arm  is  prevented  by  the  mercury  dashpot. 
The  gripipng  and  measuring  operations  are  effected  by  two  cams 
upon  a  shaft  operated  by  gears  driven  by  the  conveyor  itself.  The 
cycle  of  operations  repeats  with  every  20-foot  segment  of  belt  pass- 
ing.    The  makers  guarantee  an  accuracy  of  ^  of  i  per  cent. 

Ashes  Handling. 
The  satisfactory  handling  of  the  ashes  of  a  boiler  plant  is  a  much 
more  difficult  matter  than  is  the  coal  handling.  Their  gritty  nature 
and  their  corrosive  action,  destructive  alike  to  lubricants  and  metals, 
are  annoying  features,  and  the  liberal  coating  which  every  exposed 
piece  of  mechanism  receives  makes  attendance  particularly  unpleas- 


FIG.    26.      RICHAkDSON      AUTOMATIC      COAL-WEIGHING      SCALE. 
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FIG.    27,       BLAKE-DENISON     CONTINUOUS     WEIGHER      ADAPTED    TO    BUCKET    CONVEYOR. 
Old   Colony    Street   Railway;   capacity   60   tons   an    hour.      Weston    Engineering   Co. 


ant.  About  the  only  ideal  ashes-handling  system  I  have  seen  is  in 
an  isolated  colliery  boiler  house  in  Pennsylvania,  located  on  a  hill- 
side. A  sloping,  concrete-lined  trench  extended  through  the  boiler 
room  in  front  of  the  ash  pits  and  a  swift  running  brook  had  been 
diverted  through  this.  The  ashes  were  simply  raked  into  the  trench, 
and  whisked  away.  Unfortunately  law,  nature,  and  down-stream 
neighbors,  all  are  opposed  to  a  general  adoption  of  tliis  system. 

If  a  screw  conveyor  is  employed,  the  standard  steel  construction 
is  absolutely  useless.  The  special  designs  with  heavy  chilled  cast- 
iron  blades  and  cast-iron  troughs  are  usually  good  for  about  a  year's 
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service.  These  fail 
ordinarily  through  the 
blades  becoming 
ground  down  to  a  thin 
edge  and  breaking  off. 
Sometimes  a  concrete 
trough  along  which  is 


dragged    a    chain 


of 


FIG.    28,       THE  BLAKE-DENISON   CONTINUOUS   WEIGHER. 


chilled  cast-iron  links 
without  scrapers,  has 
found  favor.  This  is 
also  good  for  about  a 
3^ear,  and  its  only  ad- 
vantage is  that  the 
frequent  renewals  are 
cheap.  The  ordinary 
types  of  scraper  con- 
veyor would  speedily 
be  reduced  to  scrap 
Ashes  usually  have  to 
be  handled  red-hot  at 
times  which  eliminates  the  belt  conveyor  from  consideration.  One 
or  more  tubs  or  ash  carts  may  be  operated  in  a  tunnel  beneath  the 
boilers,  into  which  the  ashes  can  be  raked,  and  the  carts  then  pushed 
to  the  ash  pile  or  to  the  elevator  for  discharge  in  the  overhead  ash 
bin.  T]ie  tubs,  of  course,  are  subject  to  rapid  corrosion,  but  are 
cheaply  repaired.  The  system  involves  usually  considerable  excava- 
tion and  concrete  work,  and  is  thus  expensive  in  first  cost. 

An  automatic  skip  hoist  is  very  good  for  elevating  ashes,  and 
should  be  enclosed  in  a  dust-proof  casting,  preferably  of  asbestos- 
cement  sheets,  which  are  practically  non-corrosive. 

A  neat  little  telfer  hoist  installation  was  devised  by  the  Dodge  Coal 
Storage  Company  for  the  D.,  L.  &  W.  Railway  at  Kingsland,  N.  J. 
The  tubs  are  lifted  from  the  ash-pit  floor  by  a  small  telfer  operating 
on  3-phase  alternating  current,  and  transferred  to  a  car  for  disposal. 
The  controlling  switch  can  be  placed  wherever  convenient.  The 
machine  has  a  capacity  of  3,000  pounds  at  30  feet  per  minute,  and 
is  very  effective. 

One  of  the  latest  and  most  effectual  devices  for  economically  hand- 
ling ashes  in  boiler  plants,  is  the  suction  system  recently  perfected 
by  the  Darley  Engineering  Company  and  now  in  successful  operation 
in  a  number  of  plants.  '  A  line  of  heavy  8-inch  or  lo-inch  cast-iron 
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FIG.  29.      UNLOADING  COAL  FROM    BARGES   BY   HAYWARD  BUCKFT. 


pipe  extends  beneath  the  ash  pits  with  suction  inlets  at  each.  This 
duct  leads  directly  to  the  "receiver,"  an  air-tii^ht  chamber  of  c(increte 
or  steel  lined  with  cement  mortar.  Just  before  entcrins^-  llic  receiv^cr 
a  water  spray  is  introduced.  Draught  is  induced  1)\-  an  exhauster 
(an,  direct-connected  to  an  electric  motor  or  steam  turbine,  maintain- 
ing a  partial  vacuum  in  the  receiver.  On  uncovering  one  of  the  suc- 
tion inlets,  dust,  ashes,  and  clinkers  are  drawn  swiftly  through  the 
duct  and  into  the  receiver,  ])assing  through  the  water  spray  which 
quenches  the  ashes  and  prevents  the  dust  mingling  with  the  air  drawn 
through  the  fan.  When  the  receiver  is  filled,  it  is  discharged  into 
the  storage  bin,  or  if  desired,  the  functions  of  storage  bin  and 
receiver   may   be   combined.       Erosion   occurs   at   the   bends    in    the 
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FIG.    30.      DARLEY    ENGINEERING    COMPANY'S    SUCTION    CONVEYOR    SYSTEM    FOR    ASHES. 

duct.  These  are  provided  with  heavy  detachable  backs  of  chilled 
cast-iron  or  manganese  steel,  and  require  replacement  ordinarily  at 
intervals  of  about  18  months. 

The  operation  of  this  system  is  very  satisfactory,  particularly  as 
regards  simplicity  and  freedom  from  dust  in  the  boiler  room.  The 
suction  action  is  quite  powerful,  clinkers  being  handled  easily — even 
brickbats  thrown  into  the  ducts  are  draw  up  into  the  receiver  under 
the  impulse  of  the  strong  induced  draught.  As  generally  installed 
the  capacities  run  up  to  16  or  18  tons  per  hour.  Figure  30  is  a  typ- 
ical arrangement  of  the  apparatus,  the  exhaust  being  shown  entering 
the  smoke  stack,  which  may  or  may  not  be  found  convenient. 


^» 

2 

g 

'^N^H 

^^V^^^^^^V^ 

/-^      ^^^^^^1 

^^^^^Lr*'f^   '-    .'.  jP^B^^^ 

I 

-■*t''''=f9»  ...  .    ,   ^, 

^^^^^^^A^*>  '^  .-.^'^^^ 

/^■J  ■. 

-  .'x-idl  .w 

:--v«-*^.!sr^- 

^HHMyi.^.. 

1 

■1 

HK 

BAMBOO    COTTAGE,    CKNTKR   OK   JAMAICA    MIXING    DISTRICT. 
Congo    Hill    mine    is    1    mile    cast    and    Elmo    mine    3    miles    west   of   this    point. 


THE  COPPER  MINES   OF  JAMAICA,    BRITISH  WEST 

INDIES. 

By  Alexander  E.  Outerhridge,  Jr. 

Mr.  Outcrbridge's  short  description  of  the  Jamaica  copper  region  is  based  on  personal 
observation  supplemented  by  private  sources  of  information,  and  is  presented  for  its  in- 
terest in   giving  a  general   but  graphic  idea  of  a  district  as  yet   little  known. — The   Editors. 

THE  island  of  Jamaica  is  one  of  l.he  most  fertile  regions  of  the 
world.  The  luxuriance  of  the  tropical  foliage  and  the  salu- 
brious climate,  during  eight  or  nine  months  of  the  year,  com- 
bined with  the  picturesqueness  of  the  mountain  scenery,  made  it  a 
well-known  winter  resort  long  before  the  great  earthquake,  which 
partly  destroyed  the  capital,  Kingston,  on  January  14,  1907.  Since 
that  time  the  trend  of  tourist  travel  has  been  largely  diverted. 

It  is  now  generally  conceded  that  the  so-called  earthquake  of  1907 
was,  in  reality,  merely  a  local  landslip ;  the  fear  of  a  recurrence  of  such 
a  disastrous  visitation  is  passing  away  and  visitors  in  search  of  health 
and  recreation  are  again  venturing  to  the  island. 

In  March  last  I  was  a  member  of  a  party  of  Americans  who  went 
to  Jamaica  mainly  for  the  purpose  of  ascending  the  famous  Blue 
Mountain  Peak,  the  highest  mountain  in  Jamaica,  7,443  feet  above  the 
sea,  according  to  topographical  survey.  The  ascent  was  successfully 
made  on  horseback  after  strenuous  riding  up  and  down  steep  trails 
during  two  delightful  days.  One  night  was  passed  at  a  bungalow  on 
a  coffee  plantation  more  than  half-way  up  the  mountain. 

During  this  visit  to  Jamaica  my  attention  was  called  to  some  recent 
explorations,  mainly  in  the  Clarendon  Hills,  exposing  vast  deposits  of 
copper  silicates,  (chrysocolla)  copper  pyrites,  (chalcopyrite)  red 
oxide,   (cuprite)   bornite,  blue  and  green  carbonates,  copper  glance, 
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and  otlier  copper 
ores,  carrying  silver, 
gold  and  other  met- 
als. Some  interesting 
specimens  of  these 
ores  were  obtained 
for  the  cabinets  of 
minerals  of  scientific 
bodies  with  which  I 
am  associated. 

The  existence  of 
copper  ores  in  Ja- 
maica was  evidently 
known  to  the  Span- 
iards several  cen- 
turies ago,  as  the 
name  of  one  of  the 
large  rivers  "  Rio 
Cobre  "  (Copper 
River)  indicates. 
When  the  English 
took  possession  of 
the  island  in  the 
seventeenth  century 
they  devoted  their 
attention  to  agricul- 
tural pursuits  which 
at  that  time  yielded 
immense  profits.  It 
is  of  record,  how- 
ever, that  in  the  year 
1854  samples  of  cop- 
per ore  were  sent 
from  the  island  to 
the  Revere  Copper 
Mining.  Company,  of 
Boston,  and  smelted, 
producing  about  24 
per  cent  metallic 
copper. 


THE  COPFRR  MIXnS  OP  JAMAICA. 
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SKKTCII    MAP   OF   THE    ISLAND   OF   JAMAICA,    STIOWINC   LOCATION    OF   COIM'KK    DKI'OSITS. 

In  1869  there  was  published,  by  order  of  the  Lord's  Commissioners 
of  Her  Majesty's  Treasury  in  London,  a  vakiable  report  on  the  "Geol- 
ogy of  Jamaica,"  by  James  G.  Sawkins,  F.  G.  S.,  in  which  the  copper 
deposits  are  thus  described :  . 

The  Clarendon  mines  afford  a  nearer  approach  to  true  lodes  of  min- 
eral veins  than  any  of  the  ether  metalliferous  deposits  of  Jamaica.  With- 
out being'  contained  in  mechanical  fissures,  still  the  deposits  are  bound  by 
definite  walls  and  characterized  by  distinct  gangue  and  ribs  of  ore.  These 
ribs  of  ore  are  easily  separated  from  the  intervening  gangue  and  when  so 
separated  showed  analysis  of  copper  33  to  37  per  cent. 

It  would  seem  natural  that  a  report  of  such  character,  emanating 
from  a  reliable  source  and  evidently  free  from  ulterior  motive,  would 
have  promptly  called  attention  to  the  undeveloped  mineral  wealth  of 
Jamaica,  especially  in  the  Clarendon  hill  region,  of  these  copper-ore 
deposits ;  but,  so  far  as  I  can  ascertain  nothing  further  was  done  until 
1902,  when  Professor  Wm.  P.  Thorney,  of  Baltimore,  examined  the 
copper  outcroppings  in  the  Clarendon  hills,  making  ten  openings 
which  showed  the  presence  of  copper  ores. 

On  the  strength  of  these  reports,  and  especially  the  favorable  re- 
sults of  a  number  of  analyses  (made  by  Prof.  Thorne\-,  Messrs.  Le- 
doux  &  Company,  metallurgists  and  assayers,  New  York,  tlie  Ogden 
Assay  Co.,  Denver,  Colorado,  the  chemists  of  the  Department  of  Agri- 
culture, Kingston,  Jamaica,  and  others)  a  number  of  Boston  men  ob- 
tained a  lease,  in  1906,  of  no  less  than  2,276^4  acres  of  land  in 
the  Clarendon  hills — nearly  4  square  miles — with  option  of  purchase 
within  a  few  years,  and  since  then  have  been  spending  their  own  capi- 
tal prospecting  and  tunneling  into  these  hills.  Rapid  progress  has  been 
made,  as  will  be  seen  from  the  brief  statements  obtained  from  Mr.  J. 
H.  Mac  Nish  of  Kiugston,  Jamaica,  who  has  resided  in  the  island 
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about  20  years  and  is  largely  identified  with  these  recent  copper  de- 
velopments that  give  promise  of  great  economic  value  and  impor- 
tance to  Jamaica  in  an  entirely  new  and  hitherto  undeveloped  field. 

At  the  time  of  my  visit  to  Jamaica  there  were  about  seventy-five 
laborers  at  Vvork  blasting  out  ore,  and  sixty-two  openings  had  been 
made.  "From  more  than  forty  of  these  openings  different  kinds  of  ore 
have  been  taken  showing  profitable  copper  values,  all  carrying  more  or 
less  value  in  silver  and  gold." 


SKETCH    OF    MINES,   JAMAICA    COiM  SOLIDATED   COPPER    COMPANY. 

The  climate  is  such  that  work  can  be  carried  on  day  and  night  the 
entire  year.  More  than  1,200  feet  of  tunnels  had  been  made  up  to 
March  last.  The  mining  will  be  done  entirely  by  tunneling;  no  pump- 
ing of  water  or  hoisting  of  ore  will  be  necessary,  hence  it  is  claimed  to 
be  the  cheapest  mining  in  the  world,  except,  perhaps  the  iron-ore  min- 
ing at  Pilley's  Isle,  Newfoundland,  which  is  unique  in  this  respect. 

A  peculiar  feature  of  this  proposition  is  that  a  great  portion  of  the 
estate  is  under  cultivation,  furnishing  a  large  revenue,  besides  all  the 
food  stuffs  required  to  feed  all  the  hands  now,  or  that  may  be  in 
the  future,  employed  on  the  plantation  or  in  the  mines.  The  re- 
mainder is  mainly  forest  land  containing  all  the  timber  that  could  ever 
be  used  in  the  mines  or  in  the  erection  of  buildings,  and  also  precious 
woods  of  various  kinds. 

Native  labor  is  employed  with  success,  at  an  average  of  37  cents 
per  day ;  this  is  more  than  is  paid  agricultural  labor  in  the  fields  on  the 
neighboring  plantations. 

There  is  no  railroad  running  directly  to  the  mines  at  present ;  the 
nearest  railway  station  is  but  12  miles  distant  over  roads  so  perfect  as 


THREE    MINES   IN    THE   JAMAICA   COPPER    DEPOSITS. 

On  the  left,  the  Cheltra,  west  side  of  Victoria  Hill;  on  the  right,  the  Sylvia  No.   1    (.below) 
and    Sylvia   No.    2    (above),    east   side   of    \'ictoria   Hill. 
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to  be  equalled  only  by  the  finest  park  roads  in  the  United  States.  I 
was,  indeed,  astonished  at  the  magnificent  roads  throughout  the  island, 
even  in  the  mountainous  districts.  These  roads  were  originally  con- 
structed for  military  purposes  by  the  British  Government,  and  since  the 
withdrawal  of  the  army  to  a  very  large  extent,  the  native  Government 
has  wisely  appropriated  sufficient  funds  annually  to  keep  all  the  roads 
in  fine  order.  Several  friends  made  extensive  automobile  journeys  in  a 
touring  car,  which  they  took  with  them,  and  all  were  enthusiastic  on 
the  subject  of  the  good  roads  in  Jamaica. 

The  shipping  port  for  the  ores  from  the  properties  of  the  Jamaica 
Consolidated  Copper  Company  will  be  Old  Harbor  Bay,  about  fourteen 
miles  from  the  mine,  and  it  is  estimated  that  the  expenses  including 
freight  to  the  New  York  smelter  will  not  exceed  $3.50  per  ton.  The 
management  calculate  on  shipping  over  a  hundred  tons  a  day  of  ore. 

Since  my  return  from  Jamaica  I  have  received  several  letters  from 
Mr.  Mac  Nish  giving  later  information  regarding  the  progress  of  the 
work,  from  which  the  following  data  are  obtained.  ''The  company  is 
now  closing  its  option  for  the  purchase  of  the  entire  property  of 
2,276^)4  acres  including  240  acres  of  hard  wood  lands,  and  deeds  are 
being  prepared."     "There  are  now   11   mines  opened   ^4   to  4  miles 


THE   20-FOOT   VICTORIA    VEIN. 


THE  COPPER  MIXES  OP  JAMAICA. 


799 


ANOTHER   VIEW    OF   THE   VICTORIA   VEIN,   20   FEET    W 


apart."  "no  men  at  work  (night  and  day)  3  shifts."  "Tunnels,  drifts, 
etc.,  done  to  date  (April  2f)  in  28-months'  work  more  than  3,000  feet. 
Veins  have  been  followed  of  true  fissure  nature." 

Under  date  May  loth,  Mr.  Mac  Nish  writes  "the  vein  in  the  A'ic- 
toria  hill  is  26  feet  and  not  yet  through  ;  this  is  350  feet  below  the  top 
of  the  hill  and  250  feet  in  the  tunnel.  There  is  no  doubt  this  vein  goes 
clear  through  the  hill ;  it  is  only  one  of  eleven  mines  now  open." 

After  making  careful  search  in  various  "Indexes  of  periodical  liter- 
ature" as  well  as  in  those  of  technical  magazines,  for  ten  years  ])ast.  1 
have  been  unable  to  find  any  description  of  the  copper  deposits  of  Ja- 
maica, and  I  believe  therefore  that  the  brief  account  here  given  is  the 
first  to  call  attention  to  the  matter  in  any  periodical. 

The  well  known  "Copper  Handbook"  of  Stevens,  issued  annually, 
has  the  following  meagre  notice  which  has  long  remained  unchanged : 

Jamaica.  There  is  a  cupriferous  district  near  the  middle  of  the  island, 
on  which  a  little  exploratory  work  was  done,  and  from  which  one  small 
shipment  of  ore  was  made,  circa  1854.  Since  that  date  there  have  been 
repeated  efforts  to  organize  mining  companies,  and  develop  mines,  but  no 
permanent  results  have  been  secured.  Apparently  the  deposits  first 
opened  were  of  small  extent  and  of  low  value.  There  are  indications  of 
copper  and  other  metals  at  various  other  points  in  the  island. — The  Cop- 
per Handbook,  Vol.  18,  p.  224 — 1908. 
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With  regard  to  the  prospeetive  conimereial  vahie  of  tlie  Jamaica 
copper  mines  I  do  not  attem])t  to  express  an  authoritative  opTnir)n. 
While  in  Kingston  1  met  a  well-known  merchant  and  planter,  Mr. 
Daniel  ]*lnzi,  who  exhibited  quite  a  number  of  samples  of  coi)per  ores 
which  he  had  collected  on  one  of  his  plantations  and  he  stated  that  he 
was  on  his  way  to  Eng'and  with  the  view  of  obtaining  capital  for  de- 
velopment. The  samples  were  similar  to  those  described  in  this  paper. 
He  showed  several  analyses  made  in  New  York  and  elsewhere  yield- 
ing on  an  average  about  24  per  cent  copper.  Xo  metallic  copper  has 
l)cen  found  so  far  as  T  can  ascertain.'-' 


SPRING    2,000    FEET    ABOVE    SEA    LEVEL,    NEVER    KNOWN    TO    CO    DRV. 

The  fact  that  most  of  the  veins  are  situated  on  the  hillsides  not  tar 
from  the  coast,  that  the  roads  are  superb,  that  the  railroad  is  within  ten 
or  twelve  miles,  that  the  climate  is  salubrious,  that  labor  is  cheap  and 
abundant,  that  wood  is  plentiful,  and  that  the  land  is  under  a  high  state 
of  cultivation,  all  seem  to  be  favorable  factors  from  a  commercial 
standpoint. 

*  A  letter  received  June  7  states  "A  few  piece.-,  of  metallic  copper  have  recently  been 
found  with  traces  of  carbonate  on  edges."  Another  letter,  arriving  just  as  these  pages  are 
made  up,  says  that  ore  from  the  Cyril  tunnel   "has  red  oxide  and  lots  of  metallic  copper." 
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In  view  of  the  foregoing  considerations  it  seems  reasonable  to  ex- 
pect, as  a  resnlt  of  the  extensive  exploitation  now  going  on  in  the  Clar- 
endon hills,  that  an  entirely  new  industry  of  considerable  economic  im- 
portance to  the  island  of  Jamaica  will  be  developed  in  the  near  future. 

The  illustrations  accompanying  this  article  were  all  taken  during 
the  past  few  months. 

Appended  hereto  will  be  found  in  tabular  form  a  number  of  assays, 
made  by  various  well-known  chemists,  of  samples  of  copper  ores  taken 
from  numerous  openings  in  the  Clarendon  hills  comprised  within  the 
four  square  miles  of  property  controlled  by  the  Jamaica  Consolidated 
Copper  Company.  Also  a  letter  from  the  Curator  of  the  Academy  of 
Natural  Sciences  giving  a  complete  mineralogical  classification  of  a 
number  of  samples  of  copper  ores  from  dififerent  mines  in  the  Claren- 
don district. 

A  similar  letter  has  been  received  from  the  Franklin  Institute  ac- 
knowledging a  donation  of  duplicate  specimens. 

Academy  of  Natural  Sciences,  Logan  Square, 

Philadelphia,  June  2,  1909, 
My  dear  Mr.  Outerbridge  : 

Dr.  A.  P.  Brown  of  the  University  of  Pennsylvania  examined  the  specimens 
of  copper  ore  today.  He  says  the  bulk  of  the  ore  is  Chalcocite  (Sulphide  of 
Copper)  and  Bornite  (another  Sulphide  of  Copper)  with  ChrysocoUa.  ^lalachite 
and  Azurite  which  make  the  green  and  blue  incrustations.  There  are  some 
specimens  of  Cuprite  (Red  Oxide  of  Copper),  there  are  small  spots  or  crusts  of 
some  other  material,  Garnerite  (Silicate  of  Nickel  and  Magnesium.)  and  Mo- 
hawkite,  which  is  the  material  referred  to  as  "Metallic  Copper"  on  one  of  the 
labels ;  it  is  really  a  nickel-ore. 

Dr.  Brown  says  the  samples  from  Sylvia  Mine  and  the  Victoria  Mine 
(namely  Chalcocite)   are  very  rich  ores. 

1  shall  have  his  labels  copied  and  placed  with  the  specimens,  retaining  some 
samples  for  the  Academy. 

Sincerely  yours, 

(Signed)  Wither  Stone,  Curator. 

Dr.  a.  p.  Brown's  Classification  of  Specimens, 

No.  I.     Bornite  with  Azurite  and  Malachite.    From  Iva  Mine. 

No.  2.  Chalcocite  with  Malachite  and  ChrysocoUa  (very  rich  ore).  From 
Victoria  mine. 

No.  3.     ChrysocoUa  and  Chalcocite  (rich  ore).     From  Sylvia  mine. 

No.  4.  Bornite  and  Malachite  with  Chalcocite  and  ChrysocoUa.  From 
Clarissa  mine. 

No.  5.  Metallic  mineral,  Dorneykite  or  Mohawkite.  Red,  Cuprite.  From 
Sylvia  vein. 

No.  6.     Chalcocite  and  ChrysocoUa.     From  Elma  mine. 

No.  7.  Red,  Cuprite.  Blue  green,  Chryscocolla.  Bright  green,  Garneirite. 
Tarnished  patches,  INIohawkite.     From  Sylvia  mine. 


MATERIALS    AND    METHODS    OF    CONSTRUCTION 
FOR   INDUSTRIAL   BUILDINGS. 

By  J.  P.  H.  Perry. 

WITH    SPECIAL   REFERENCE   TO   THE    COMPARATIVE   COST  OF  REINFORCED 
CONCRETE   AND   MILL    CONSTRUCTION. 

AFTER  deciding  that  an  additional  building  or  that  reconstruction 
is  necessary,  the  industrial  executive  is  confronted  with  a 
choice  of  materials  and  methods  of  construction.  He  wants  the 
best  possible  building  at  the  least  possible  cost.  By  least  possible  cost 
is  generally  meant  not  only  the  initial  cost,  but  a'.so  ultimate  cost,  which 
takes  into  consideration  interest,  maintenance,  depreciation,  and  insur- 
ance charges.  In  most  instances  there  are  other  yearly  expenditures 
(such  as  amount  of  power  required  to  operate  the  machinery  used  in 
the  manufacturing  processes,  the  repairs  on  the  machinery,  vermin 
losses  to  stock  and  to  finished  products,  amount  of  light  avdilab'e,  and 
die  sanitary  conditions  as  they  affect  the  efficiency  of  the  employees) 
entering  into  the  relative  costs  of  different  kinds  of  industrial  build- 
ings. 

In  general  there  are  two  classes  of  structures  from  which  the  selec- 
tion is  to  be  'made — non-fireproof  and  fireproof. 

The  various  types  of  the  former  are  legion  and  will  not  be  consid- 
ered in  detail  herein,  as  it  is  assumed  that  except  in  connection  with 
special  industries,  which  constitute  but  a  very  small  percentage  of  the 
commercial  interests  of  the  country,  non-fireproof  structures  are 
neither  suitable  nor  economical  and  do  not  attract  serious  attention  on 
the  part  of  the  progressive  business  man.  Despite  the  low  initial  cost 
of  non-fireproof  construction,  in  many  cases  it  is  possible  to  show  that 
a  more  expensive  fireproof  building  will  afford  the  better  investment 
for  capital  when  the  items  of  yearly  expenses  as  noted  above  are  con- 
sidered. 

The  second  class  of  industrial  structure,  however,  naturally  divides 
itself  into  three  distinct  and  separate  types — structural  steel,  mill  con- 
struction, and  reinforced  concrete.  Before  going  into  the  comparative 
merits  and  costs  of  these  three  varieties  of  buildings  it  will  be  well  to 
make  clear  what  is  meant  by  the  term  fireproof. 
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The  method  of  construction  wliich  u  ill  result  in  a  fireproof  buiUHng 
is  simple  in  conception  and  theory,  and,  though  of  wide  range  in  its  ap- 
phcations  and  workings  out,  is  not  difficult  of  comprehension  by  the 
layman.  A  stove  is  fire]3roof — only  its  contents  burn.  A  fireprcjof 
building  must  be  similar  to  a  stove  as  far  as  its  own  properties  are  con- 
cerned. With  respect  to  its  contents  it  must  be  like  a  battery  of  coke 
ovens — so  arranged  that  any  one  fire  can  be  confined  to  its  starting 
point.  The  fundamental  idea  in  fireproof-builcUl^^esign  is  to  restrict 
the  possible  fire  to  as  small  an  area  as  is  pragJncable,  and  having"  done 
this,  to  provide  means  for  quickly  extinguishing  the  blaze.  In  order  to 
carry  out  this  basic  principle  it  is  necessary  to  have  walls,  floors,  and 
partitions  constructed  of  non-combustible  materials,  the  windows 
either  set  with  metal  frames  and  glazed  with  wire  glass  or  else  pro- 
tected by  metal  shutters,  and  to  have  all  doorw-ays  fitted  with  metal- 
covered  wood  doors  closing  automatically  by  means  of  fusible-link  con- 
nections. In  addition,  the  building  should  be  laid  out  with  provision 
for  numerous  fire  walls.  All  stfiiif  and  elevator  wells  must  be  enclosed 
in  fire-resistant  partitions.  Given  a  stove-like  building  such  as  would 
be  obtained  by  following  these  specifications,  it  is  further  imperative 
to  install  apparatus  capable  of  putting  out  a  fire  as  soon  as  it  starts  and 
at  the  same  time  giving  alarm  to  the  local  fire-fighting  forces — be  they 
maintained  by  the  city  or  town  or  a  part  of  the  factory  stafif.  Auto- 
matic-sprink'er  systems  equipped  with  pressure  tanks  and  connected 
with  ample  water  supply,  as  well  as  numerous  hose  lines  and  hydrants 
when  inspected  and  repaired  at  proper  intervals,  will,  together  with 
automatic  fire  alarms,  provide  the  protection  which  the  owner  of  a 
well  constructed  fireproof  building  has  a  right  to  demand. 

Regarding  this  question  of  fireproofness,  it  may  not  be  amiss  to 
emphasize  the  great  importance  of  carrying  out  the  details  completely. 
So  often  it  occurs  that  a  building"  is  ])ut  u])  of  non-combustible 
materials  and  that  is  all.  Its  owner  believes  his  structure  to  be  fire- 
proof in  every  way,  whereas  it  oft'ers  no  adequate  protection  to  its  con- 
tents. A  fire  in  a  neighboring  factory  migiit  spread  through  its  wooden 
and  plain  glass  windows,  and  once  obtaining  a  foothold  go  from  one 
end  of  the  building  to  the  other.  To  be  sure,  the  fire-resistant  frame 
and  walls  would  be  serviceable  soon  after  the  fire,  but  when  the  com- 
paratively slight  expense  of  installing  fireproof  details  in  accordance 
with  the  rules  of  the  National  Board  of  Fire  Underwriters  is  consid- 
ered it  is  a  pity  to  lose  50  per, cent  of  the  fireproof  value  of  the  struc- 
ture. To  bring  out  this  idea  more  forcibly  reference  can  properly  be 
made  to  the  Iroquois  Theatre  disaster  in  Chicago  in  December,  U)03. 
The  details  of  the  loss  of  life  in  that  holocaust  are  familiar  to  evervone. 
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And  yet  tliat  theatre  two  days  after  the  fire  was  in  as  good  condition  as 
the  day  it  was  turned  over  to  the  painters  and  decorators  to  put  on  the 
finishing  touches.  It  was  a  matter  of  but  small  expense  to  put  the 
building  in  condition  for  its  opening  soon  afterward  as  the  Northwest- 
ern Theatre.  The  tremendous  loss  of  life  was  attributable  to  the  un- 
usual carelessness  with  which  a  few  details  of  exits,  smoke  vents,  and 
curtains  were  executed  or  neglected.  The  building  was  fireproof  in 
itself,  only  the  managers  failed  to  carry  to  completion  the  funda- 
mental conditions  necessary  to  the  confining  or  the  controlling  of  a 
fire  once  it  got  under  way. 

As  previously  stated,  fireproof  construction  may  be  obtained  by  tlie 
use  of  any  one  of  the  three  following  structural  methods :  structural 
steel,  reinforced  concrete,  and  mill  construction. 

Structural  steel,  in  order  to  be  included  in  this  class  of  building, 
must  be  thoroughly  protected  with  some  form  of  fireproofing  such  as 
brick,  terra-cotta  block,  or  concrete.  With  careful  design  and  faithful 
execution  an  industrial  building  of  steel  can  be  erected  which  will  meet 
perfectly  fireproof  requirements  and  procure  the  approval  of  the  Board 
of  Fire  Underwriters.  It  will  obtain  minimum  insurance  rates,  will  be 
low  in  maintenance  and  depreciation  charges,  and.  in  addition,  will 
admit  of  very  quick  erection  when  that  is  important.  Vital  question  as 
it  is,  however,  the  proper  fireproofing  of  structural  steel  frequently 
fails  to  receive  the  attention  it  requires.  Very  common  is  the  idea  that 
steel  is  so  good  that  it  can  take  care  of  itself.  In  the  San  Francisco 
and  Baltimore  conflagrations  there  occurred  many  cases  where  the  col- 
lapse of  a  building  was  due  to  the  failure  of  the  fireproof  (?)  protec- 
tion around  the  steel  columns.  Numerous  instances  are  on  record 
where  terra-cotta  and  plaster-on-metal-lath  coverings  subjected  to  hot 
fires  gave  way,  and  the  flames  reaching  the  steel  columns  caused  them 
to  buckle  and  pull  the  building  down.  In  spite  of  these  dangers  there 
is  no  question  about  the  excellency  of  fire-class  steel  construction. 
Every  day  buildings  of  steel  are  being  put  up  which  are  fireproof  in 
the  highest  sense  of  the  term.  The  only  serious  argument  against  steel 
is  its  cost.  The  fireproofing  of  every  structural  member  with  a  second 
material  increases  the  cost  of  erection  considerably — so  much  so,  in- 
deed, that  rein  forced-concrete  contractors  can  and  have  in  many  cit- 
able cases  underbid  the  structural-steel  men  when  figures  were  being 
taken  on  plans  which  called  for  a  first-class  fireproof  structure  put  up 
in  either  concrete  or  steel.  Reference  to  an  actual  building  will  estab- 
lish this  statement.  In  May,  1908,  the  contracts  were  let  for  a  depart- 
ment-store warehouse  in  Brooklyn  having  about  six  acres  of  floor 
space  under  one  roof,  and  constituting  a  large  and  in  every  way  com- 
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plctc  fireproof  ])ropositoii.  At  that  time  the  l)iiiUlin^  market  in  \e\v 
York  was  at  a  low  ebb  and  all  contractors  were  hungry  for  work  and 
were  willing  to  accept  jobs  on  very  nearly  cost  basis.  Alternate  fig- 
ures were  taken  by  the  owners'  architect  on  reinforced  concrete  and 
steel.  The  successful  concrete  bid  was  $30,000  under  the  lowest  steel 
figure — representing  a  saving  for  concrete  over  steel  of  about  \2  per 
cent.  In  another  instance  on  a  publishing  plant  and  general  office 
building  of  very  large  size  in  Springfield,  Mass.,  the  successful  rein- 
forced-concrete  bid  was  about  $40,000  lower  than  the  steel  estimates 
— a  saving  of  approximately  10  per  cent. 

In  buildings  where  long  spans — such  as  those  in  excess  of  fifty  feet 
— are  necessary,  steel,  owing  to  its  lightness  in  truss  form,  has  the  ad- 
vantage over  any  other  material,  l^'urtbcrmore,  where  small  loads  are 
to  be  supported  it  is  often  possible  to  design  a  building  in  steel  and 
keep  the  cost  under  that  of  a  satisfactory  design  in  reinforced  concrete 
or  any  other  fireproof  material.  For  one-story  factories  of  large 
ground  area  structural  steel  is  an  ideal  material,  but  for  the  normal 
type  of  industrial  building,  where  the  question  of  protection  against 
fire  is  of  importance  and  where  the  building  is  several  stories  high  with 
loads  of  150  pounds  per  square  foot  or  larger,  structural  steel  where 
properly  fireproofed  will  be  found  to  exceed  in  cost  the  same  structure 
erected  in  concrete.  I'he  question  of  the  relative  merits  of  the  two 
materials  as  regards  fireproofness,  vibration,  and  maintenance  admits 
of  long  discussion  and  will  be  omitted  here  as  only  the  cost  item  is 
to  be  taken  up.  Jt  may  be  conservatively  stated,  however,  that  con- 
crete gives  as  good  service  along  these  lines  as  any  other  structural 
material,  if  not  better. 

The  factory  or  mill  owner  after  considering  structural  steel  for  his 
proposed  building  has — if  a  fireproof  structure  be  in  his  mind — either 
reinforced  concrete  or  mill  construction  to  choose  from. 

By  reinforced  concrete  is  meant  a  building  having  a  concrete 
framework  or  skeleton  and  cither  concrete,  masonry,  or  brick  curtain 
walls.  The  concrete  frame  must  have  steel  reinforcement  designed, 
fabricated,  and  placed  by  or  under  the  supervision  of  technically 
trained  and  experienced  engineers.  Too  frequently  is  the  assumption 
made  that  concrete  is  an  easy  thing  to  handle  and  that  any  one  can 
work  with  it  safely.  The  collapses  and  failures  of  concrete  structures 
which  have  occurred  in  the  Ignited  Stales  have  been  due  to  just  such 
ideas.  The  plans  iov  the  buildings  have  been  drawn  by  men  who  did 
not  appreciate  the  amount  of  detail  and  ih'>  study  necessary  to  provide 
for  all  contingencies.-  The  erection  was  i;Urust(nl  to  contractors  who 
had  no  perception  of  the  importance  of  the  proper  placing  of  the  rein- 
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forcement  nor  of  the  necessity  of  rigid  inspection  of  materials  consti- 
tuting the  concrete,  let  alone  an  appreciation  of  the  problem  of  forms 
and  their  removal.  Granted  that  reinforced  concrete  is  given  the  con- 
sideration every  other  structural  material  receives  as  far  as  design  and 
erection  are  concerned,  there  is  presented  to  the  prospective  builder  or 
owner  a  material  and  method  of  construction  which  though  compar- 
atively new  commercially  (but  old  historically)  is  entirely  satisfactory 
for  industrial  purposes.  Reinforced  concrete  is  being  used  all  over  the 
world  today  for  nearly  every  kind  of  structure,  from  telegraph  poles 
and  fences  tO'  great  arch  bridges,  sixteen-story  buildings,  and  factory 
plants  many  acres  in  extent.  Its  properties  with  respect  to  the  com- 
parative costs  with  other  niaterials  are  in  the  main  its  most  interesting 
feature  and  will  be  discussed  in  detail  in  this  article.  Before  taking 
up  the  various  items  entering  into  this  subject  a  definition  of  what  is 
meant  by  mill  construction  is  necessary. 

''Mill  construction"  is  a  term  applied  to  a  certain  type  of  mill  and 
factory  construction  developed  and  utilized  most  widely  throughput 
New  England — especially,  however,  in  Massachusetts.  Its  detail 
growth  was  fostered  by  the  Mutual  Fire  Insurance  Companies  and  by 
insurance  interests  generally,  with  the  object  of  reducing  the  fire  losses 
among  the  great  manufacturing  plants  of  that  territory.  As  a  result 
of  many  years  of  investigation,  experiment,  and  study,  a  method  of 
putting  together  more  or  less  non-fire-resistant  materials  to  form  a 
semi-fireproof  or  so  called  "slow-burning"  building  has  been  arrived 
at  and  adopted  very  successfully  throughout  this  country.  Primarily 
mill  construction  is  based  upon  the  use  of  yellow  pine  or  oak  timbers 
of  large  size  and  close  spacing,  the  controlling  idea  being  to  take  ad- 
vantage of  the  inability  of  fire  to  eat  its  way  into  wood  in  large  bulk. 
Experience  has  shown  that  an  ordinary  fire  will  not  burn  a  12-inch  by 
12-inch  wooden  column  for  a  depth  greater  than  an  inch  or  two  and 
that  a  4-inch  wooden  floor  supported  on  heavy  joists  is  equally  s^ow 
to  burn  up.  By  lavish  use  of  heavy  timber  it  is  possible,  with  the  as- 
sistance of  sprinklers,  automatic  fire  doors,  and  every  Underwriter's 
detail,  to  build  a  factory  which  will  be  slow-burning  and  consequently 
more  or  less  fireproof. 

This  mill  construction  offered  a  method  of  building  which  pos- 
sessed many  of  the  advantages  of  steel  and  yet  was  cheap  enough  to 
bring  it  within  the  range  of  many  owners  who  could  not  put  up  a  first- 
class  steel  building.  By  careful  adherence  to  details  of  design,  instal- 
lation of  firewalls,  etc.,  fire  losses  were  reduced  to  a  low  point  with  a 
natural  lowering  of  insurance  rates.  Which  was  the  great  desideratum. 
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The  qucstiun  of  which  is  the  better — reinforced  concrete  o.  mill 
construction — achiiits  of  close  study  before  a  satisfactory  answer  can 
be  obtained.  The  decision  between  the  two  construction  methods 
would  seem  to  depend  largely  upon  which  will  show  itself  for  a  term 
of  years  to  be  the  best  investment  for  capital — all  things  considered- 
If  it  is  possible  to  demonstrate  an  annual  saving  for  one  type  of  build- 
ing over  the  other,  the  superiority  of  that  class  of  structure  should  be 
tirmly  established. 

hi  comparing  rein  forced-concrete  buildings  with  slow-burning  mill 
construction  there  are  several  factors  which  must  be  considered  in  de- 
tail as  follows : 

IiKM  I.  Initial  Cost.  Under  normal  conditions  the  first  cost  of  a 
reinforced-concrete  building  will  vary  from  an  excess  of  lo  per  cent 
down  to  figures  equal  to  these  obtainable  for  mill  construction.  This 
variation  is  inversly  proportional  to  the  size  of  the  building.  The 
larger  the  structure,  the  more  nearly  equal  become  the  bids  of  the  two 
classes.  There  have  been  instances,  notably  in  Minneapolis  and  To- 
ledo, where  in  connection  with  very  large  warehouses — exceeding  a 
quarter  of  a  million  dollars  in  cost — estimates  on  mill  construction  ex- 
ceeded those  for  reinforced  concrete  and  the  latter  material  was 
adopted.  In  the  medium-sized  warehouse,  mill,  or  factory — buildings 
costing  from  $25,000  up  to  $100,000 — the  mill-construction  building 
will  cost  less  than  concrete  by  about  5  per  cent  or  10  per  cent.  By  cit- 
ing actual  cases  this  statement  can  be  made  more  clear.  For  a  grocery 
warehouse  in  Jersey  City  the  contract  price  for  the  concrete  building 
was  $3,900  higher  than  the  best  mill-construction  bid — this  on  a  build- 
ing costing  approximately  $40,000.  In  another  case,  on  a  small  flour 
warehouse  on  Manhattan  Island  the  concrete  bid  was  $15,000  against 
$13,500  for  mill  construction — a  diflference  of  11  per  cent.  Actual  bids 
were  submitted  for  a  paint  factory  in  Brooklyn  at  a  total  cost  of  about 
$75,000  where  the  bid  of  the  reinforced-concrete  contractor  was  a  few 
dollars  below  the  bid  of  the  mill-construction  man.  In  this  case  the 
specifications  of  the  Board  of  Fire  Underwriters  for  a  first-class  mill- 
construction  building  were  lived  up  to  in  every  detail.  It  will  be  con- 
servative, therefore,  to  assume  for  purposes  of  ultimate  comparison 
that  concrete  will  run  over  mill  construction  10  per  cent  in  first  cost. 

Item  II.  Yearly  Cost  of  Insurance.  Though  reinforced  con» 
Crete,  has  not  received  the  support  frOm  the  fire-insurance  interests  that 
it  should  and  in  some  localities  has  had  a  hard  fight  to  obtain  its  just 
•  dues,  it  is  gradually  becoming  recognized  by  the  L'nderwriters  as 
being  a  good  friend  of  theirs  and  one  to  be  encouraged  by  means  of 
reasonable  rates.     The  vice  president  of  the  Boston  Manufacturers"' 
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Mutual  Fire  Insurance  Co.,  Mr.  L.  H.  Kunhardt,  has  published  a  val- 
uable table  of  rates  on  different  classes  of  buildings.  The  data  are 
taken  from  typical  examples  throughout  the  United  States.  The  table 
is  based  upon  absence  of  automatic  sprinklers  and  other  private  fire- 
protective  appliances  of  the  usual  completely  equipped  building.  .They 
are  not  schedule  rates,  but  may  be  an  approximation  to  actual  costs 
under  favorable  conditions  based  on  examples  in  various  parts  of  the 

country. 

Concrete  Factories  vs.  Those  of  Wood  or  Brick. 

Approximate  Yearly  Cost  of  Insurance  in    Cents    per    $ioo. 

Exposures,  none ;  area  not  large ;  good  city  department ;  no  private  tire  apparatus 

except  such  as  pails  and  standpipes. 

Add 
for  Brick 
or  Wood 
Bldgs. 
in  Small 
Towns 
Brick  Mill         Wood  Mill     and  Cities 
Construction     Construction    without 
or  Open  or  Open         best  of 

All  Concrete.  Joists.  Joists.       Water  and 

Con-  Con-  Con-     Fire  De- 

Bldg.     tents.     Bldg.     tents.     Bldg.     tents,  partments. 
All  figures  are  in  cents. 

General    Storehouse 20  45  60         100         100         125  25 

Wool   Storehouse 20  35  40  60  75       '100  25 

Office  Building 15  30  35  50         100         125  25 

Cotton   Factory 40         100         100        200        200        300  50 

Tannery   20  40  75         100         100         100  25 

Shoe  Factory 25  80  75         100         150        200  50 

Woolen  Mill 30  80  75         100         150        200  50 

Machine  Shop 15  25  50  50        100        100  25 

General  Mercantile  Bldg..     35  75  50         100         100         150  25 

Supplementary  to  these  theoretical  insurance  rates  it  will  be  inter- 
esting to  cite  some  actual  rates  written  for  concrete  buildings  in  the 
Metropolitan  District  of  New  York  City.  On  a  paper-goods  factory 
covering  one  acre  of  ground  and  nine  stories  high,  constructed  of  rein- 
forced concrete  throughout,  the  rates  are  below.  The  rate  given  for 
the  mill  construction  applies  on  another  factory  of  the  same  company 
having  about  three  acres  of  floor  space  and  under  the  same  conditions 
as  the  concrete  building  with  respect  to  ownership,  exposure  hazards, 
occupancy,  contents,  and  automatic  protection. 

Building.  Contents, 

cents  per  $100. 

Concrete  Factory 12.6  29.4 

Mill-Construction  Factory. '        21.5  63 . 5 

On  other  concrete  industrial  buildings  which  are  known  to  me  the 
rates  obtained  are :  On  a  large  color-works  plant  on  Staten  Island — 
complete  in  itself — having  offices,  factory,  power  plant,  etc.,  the  rate 
on  building  and  contents  is  10  per  cent.     On  three  very  large  model 
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factory  buildin^^s  in  South  Brooklyn  the  rates  on  the  building  arc  12 
cents;  contents,  18  cents.  On  an  eight-story  loft  building  in  the  shop- 
ping district  of  New  York  the  concrete  structure  obtains  a  rate  of  10 
cents;  contents,  18  cents. 

Itkm  hi.  DEPRiiCiATiON.  Owing  to  the  changing  conditions  of 
American  life  and  the  comparatively  short  duration  of  the  average 
business,  exact  data  on  depreciation  are  difficult  to  obtain.  Kidder's 
Handbook  gives  the  annual  depreciation  of  a  mill  building  as  varying 
from  I  per  cent  to  i}4  per  cent;  or,  in  other  words,  the  life  of  the 
building  as  about  66  years.  These  figures  include  roofing,  doors,  win- 
dows, and  other  details. 

The  amount  of  depreciation  on  a  concrete  industrial  building  would 
be  confined  almost  wholly  to  roofing,  doors,  and  similar  parts  of  the 
structure  not  of  concrete.  Though  theer  are  no  records  on  which  to 
b^Tse  the  estimate  other  than  a  knowledge  of  the  permanency  and  con- 
stantly increasing  strength  of  the  material  as  well  as  the  protection  it 
affords  the  reinforcement,  it  m'^y  be  conservatively  stated  that  under 
the  same  conditions  as  given  above  for  the  mill  building  the  annual 
charge  for  a  sinking  fund  on  a  reinforced  concrete  factory  or  mill  or 
warehouse  would  not  exceed  one-half  of  i  per  cent  (0.5  per  cent). 

Item  IV.  Results  of  Vibration.  For  warehouses,  foundries, 
and  similarly  used  buildings  the  vibration  element  does  not  enter.  In 
the  ordinary  industrial  structure,  however,  one  of  the  most  important 
factors  in  a  successful  plant  is  the  keeping  down  of  machinery  repair 
charges.  Vibration  in  the  building  plays  a  considerable  part  in  the  size 
of  these  charges.  If  machines  placed  in  position  will  remain  so  and  if 
shafting  once  lined  up  will  not  vary,  the  repairs  to  machinery,  and 
more  particularly  the  cost  of  operating  the  machinery,  will  be  at  a 
minimum.  Vibration  in  the  building  causes  "walking"  with  conse- 
quent getting  out  of  level  or  ofif  center  and  increased  wear  on  journal 
blocks  and  moving  parts,  and  an  increase  in  the  amount  of  power  nec- 
essary for  operation. 

Concrete  buildings  have  been  chosen  in  several  instances  because 
they  practically  eliminated  vibration.  There  are  many  buildings  of  this 
material  in  which  heavy  machinery  is  operated  on  upper  floors  without 
any  indication  of  their  presence  being  given  in  the  lower  stories.  A 
prominent  paper-goods  manufacturer  in  Brooklyn,  N.  Y.,  the  owner 
of  both  reinforced-concrete  factories  and  slow-burning  mill-construc- 
tion buildings,  has  stated  that  his  concrete  structure  saves  $5,000  a 
year  in  machinery  repair  and  operation  charges.  This  amounts  prob- 
ably to  j/2  per  cent  on  the  value  of  the  building.  On  plants  where  the 
amount  of  machinery  installed  was  not  as  large  as  in  this  instance  the 
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percentage  saved  based  on  the  value  of  the  building  and  contents 
would  be  less.  It  may  be  assumed,  however,  for  purposes  of  compari- 
son, that  in  the  ordinary  manufacturing  concern  the  saving  in  the  items 
under  discussion  by  the  elimination  of  vibration  would  amount  to  $450 
per  year  or  v$i.50  per  day.  When  it  is  remembered  that  this  includes 
power,  oi!,  attendance,  new  bearings,  parts,  belts,  and  wear  on  the 
building  besides,  the  estimate  is  probably  low.  The  increased  effi- 
ciency of  the  machines  alone  would  in  most  cases  equal  this  daily 
saving. 

Item  V.  Light  and  Sanitary  Conditions.  In  discussing  the 
building  of  a  new  concrete  garage  recently  the  owner  said  that  he 
found  that  his  men  could  repair  an  automobile  when  it  was  standing 
out  of  doors  in  nearly  one-half  the  time  they  could  when  it  was  in  his 
present  old  wooden  structure  ;  he  therefore  insisted  on  having  maxi- 
mum light  in  his  prospective  structure.  The  effect  upon  the  efficiency 
of  employees  of  the  amount  of  light  obtainable  is  sometimes  not  appre- 
ciated by  owners.  Assume  that  a  plant  is  running  with  lOO  operatives. 
If  the  window  area  should  be  increased  20  per  cent,  would  not  each 
employee  increase  his  efficiency  at  least  i  per  cent?  This  would  be 
brought  about  not  only  by  their  being  able  to  see  better,  but,  also,  by 
the  raising  of  tlieir  spirits  owing  to  more  cheerful  working  conditions. 
In  most  instances  the  increase  in  earning  power  of  the  working  force 
would  be  higher  than  the  assumed  figure. 

The  surroundings  in  which  a  man  labors  are  being  recognized  as 
having  a  decided  bearing  on  his  output.  Clean,  sanitary  rooms,  with 
plenty  of  light,  good  ventilation,  and  uniform  temperature,  have  a  cer- 
tain dollar-and-cents  value.  A  saving  of  one  per  cent  per  day  per  em- 
ployee, with  TOO  hands,  represents  $300  per  year,  and  one  cent  a  day 
for  a  man  earning  from  $2  to  $4  requires  but  a  small  increase  in  his 
effectiveness. 

Reinforced-concrete  buildings,  owing  to  the  method  of  erection 
used,  permit  having  maximum  light.  It  is  not  unusual  to  find  buildings 
of  this  material  with  70  per  cent  of  their  wall  space  taken  up  by  win- 
dows. It  is  possible  to  increase  this  light  area  to  80  per  cent  when 
necessary.  With  mill  construction  as  generally  adopted  the  window 
area  does  not  run  over  30  or  40  per  cent  of  the  wall. 

Cement  being  a  lime  product  is  essentially  sanitary.  The  water- 
proof properties  of  reinforced-concrete  construction  render  frequent 
washing  of  floors  possible  and  make  dampness  or  rotting  impossible 
where  wet  processes  are  involved.  The  low  conductivity  value  of  con- 
crete results  in  small  variation  in  temperature  within  the  building  and 
the  homogeneous  construction  largely  prevents  draughts. 
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Witli  these  facts,  not  theories,  as  a  basis,  the  assuniplion  t'lat  tlie 
effectiveness  of  the  employees  will  be  increased  at  least  1  ]>er  cent  In- 
using  reinforced  concrete  in  place  of  mill  construction  is  co!iscrvative. 

Item  VI.  Vermin  Losses.  X'ermin  cause  loss  to  most  lines  of  in- 
dustry. Either  raw  materials  or  finished  products  are  subject  to  the 
inroads  of  mice,  rats,  or  bugs,  and  though  in  well  run  plants  the  dam- 
age may  be  slight,  what  there  is  has  a  money  value.  As  an  example 
of  this  the  experience  of  one  manufacturer  may  be  cited.  With  two 
mill  buildings  and  one  reinforced  concrete  factory  for  purposes  of 
comparison,  he  states  that  the  last-named  structure  saves  him  $4,000 
per  year  in  vermin  losses  alone.  There  is  no  place  in  a  concrete  build- 
ing for  rodents  to  live.  If  they  do  come  in  with  packing  cases  they 
either  go  into  neighboring  quartets  or  are  easily  caught.  It  will  be 
fair  to  assume  that  for  the  ordinary  business  vermin  are  responsible 
for  $100  loss  annually. 

Item  VII.  Protection  from  Fire.  Although  the  owner  has  his 
building  and  contents  fully  covered  by  insurance,  he  cannot  protect 
himself  against  losses  by  fire,  losses  to  his  reputation  owing  to  his  fail- 
ure to  complete  orders  or  contracts,  to  the  efficiency  of  his  organization 
owing  to  the  acceptance  by  skilled  operatives  of  other  jobs  during  the 
shut-down  of  his  plant,  and  to  his  trade  because  of  inability  to  accept 
new  business  until  he  can  find  a  new  building.  A  small  fire  does  about 
the  same  amount  of  harm  to  any  kind  of  building,  except  that  with 
wooden  floors  water  damage  is  higher  than  fire  damage — with  concrete 
buildings  the  water  is  confined  to  the  floor  where  the  fire  occurs.  With 
a  serious  fire  or  a  conflagration  the  destruction  of  the  average  building 
is  assured.  On  this  one  point  alone  reinforced  concrete  often  is  of 
tremendous  value  to  the  manufacturer.  The  certainty  that  fire  cannot 
destroy  his  building  is  of  importance.  Concrete  first  attracted  atten- 
tion because  of  its  absolute  fireproofness.  Factories  of  concrete  can- 
not burn  up.  Their  contents  may  be  ruined  but  the  structure  itself  is 
ready  for  occupancy  as  soon  as  it  is  cool. 

''Use  and  Occupancy"  insurance  policies  cost  about  ]/2  of  i  per 
cent.  They  cover  estimated  profits,  commissions,  or  similar  legitimate 
sources  of  income  based  upon  the  use  and  occupancy  of  a  given  manu- 
facturing plant.  In  event  of  fire  causing  interruption  of  the  business, 
the  insurance  company  will  pay  the  insured  a  certain  amount  for  each 
day  the  building  is  out  of  commission.  The  value  of  a  non-destructible 
building  ought  to  be  at  least  as  much  as  this  **L  se  ajid  Occupancy"  in- 
surance, for  not  only  would  such  a  structure  protect  the  owner  to  a 
certain  extent  against  loss  of  profits,  but,  as  well,  against  injury  to  rep- 
utation and  organization  as  above  noted.     Assume,  therefore,  that  re- 
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inforced  concrete  buildings  will  save  >^  of  i  per  cent  per  year  owing 
to  the  protection  which  they  give  against  destruction  by  fire. 

Item  VIIL  Increased  Taxes,  Insurance  and  Interest  Charges 
Owing  to  Increased  Cost  uI;  Building.  The  taxes  on  either  a  mill- 
construction  or  a  concrete  building  would  be  at  the  same  rate.  The 
interest  charges  on  the  original  investment  and  the  insurance  on  the 
building  should  also  be  considered. 

The  following  tabulation  sums  up  the  various  comparisons  just 
made  between  rein  forced-concrete  and  mill  construction.  Assume  a 
building  costing  complete  $100,000;  contents  equal  to  the  cost  pf  the 
building ;  and  that  it  is  used  for  general  manufacturing  purposes. 

Mill  Reinforced 

Construction.  Concrete. 

Yearly  Yearly 

Charges.  Charges. 

Initial  Cost  of  Building $100,000  $110,000 

Interest  at  6  per  cent $6,000  $6,600 

Taxes  at  i  per  cent 1,000  1,100 

Insurance  on   Bldg.  at  75  cents  per 

$100   value 750  at  25  cents  27S 

Insurance  on  Contents  at  $1.00 1,000  at  80  cents  8c50 

Depreciation  on  Bldg.  at  i^  per  cent         1,250  at  >^  per  cent  S50 

Results  of  Vibration.    Assume  $450.  450  Chargeable  against  mill  bldg.  only. 

Increased  Light — i  p^er  cent  increase 
in  efficiency  of  labor.  Assume  la- 
bor— 14      value     of     contents — 

$50,000    500  Chargeable  to  mill  bldg.  only. 

Vermin  Losses 100  Chargeable  to  mill  bldg.  only. 

Protection  against'  Fire  at  ^  per  cent 
on  value  of  30  per  cent  of  Bldg. 
and    Content's — $60,000 300  Applies  to  mill  bldg.  only. 

$11,350  $9,325 

Annual  Saving  of  Concrete  over  Mill  Bldg $11,350 

9,325 

$2,025 
Capitalize  this  at  6  per  cent  and  it  represents  $33,750. 

In  other  words,  a  concrete  building  will  save  each  year  2  per  cent 
over  a  mill  building  whose  original  cost  was  10  per  cent  lower.  Stated 
differently,  the  owner  can  afford  to  pay  $43,750  more  for  a  concrete 
building  than  for  a  mill  building.  The  assumptions  upon  which  these 
comparisons  have  been  made  are  in  the  majority  of  cases  moderate. 
In  certain  lines  of  activity  the  annual  saving  in  favor  of  concrete 
would  be  much  higher  than  that  herein  calculated. 

Concrete  is  a  new  material  and  occasionally  there  have  been  fail- 
ures. These  have  been  due  always,  however,  to  inexperience,  ignor- 
ance, or  faulty  design.  Conservatism  may  dictate  building  with  steel 
or  brick  and  wood.  Economy  and  progressiveness  point  to  reinforced, 
concrete. 


Editorial   Comment i 


Practical   Work    for   Professors. 

AMON(i  those  wlio  insist  that  engi- 
neering education  (as  expressed 
in  American  technical  schools)  is  steer- 
ing wide  of  the  true  course,  Mr.  l^'red. 
VV.  Taylor  has  taken  a  prcniinent  and 
most  positive  position.  His  address  be- 
fore the  recent  meeting  of  the  Society 
for  the  l*romotion  of  Tjigineering  Edu- 
cati(.n   was  not  actualK-    a  discussion  of 


trast    ])etween    civil    and    military    engi- 
neering education. 

Air.  Taylor's  principal  remedy  is  ad- 
dressed to  this  symptom  of  lack  of  dis- 
cipline. He  believes  that  a  year  of  shop 
work  interpolated  in  the  course,  and 
made  obligatory,  would  ])e  sufficient  to 
implant  in  the  student  an  acknowledg- 
ment of  subjection  to  authority  and  a 
recognition   of   the   imperative   necessity 


Mr.   (joing's   paper,   reviewed   elsewhere       of  producing  results,  which  would  go  a 


in  these  pages;  it  was  prepared  inde- 
pendently and  without  knowledge  of  the 
substance  of  Mr.  Going's  argument. 
Even  more  significance,  therefore,  at- 
taches to  the  large  coincidence  between 
the  views  of  these  two  contributors. 
Speaking  with  an  authority  of  observa- 
tion and  statistical  knowledge  which 
none  would  for  a  moment  attempt  to 
question,  Mr.  Taylor  goes  beyond  any 
other  critic  in  asserting  that  a  majority 
of  manufacturers  throughout  the  United 
States  not  only  have  no  preference  for 
the  technical  graduate  as  an  employee, 
but  would  distinctly  avoid  his  employ- 
ment. 

Mr.  Taylor,  although  he  himself 
approves  of  and  seeks  technical  grad- 
uates for  his  assistants,  confirms  Mr. 
Going's  assertion  that  at  least  a  year  or 
two  of  practical  experience  is  necessary 
to  bring  the  technical  graduate  into  har- 
mony with  the  temper  and  the  routine  of 
any  engineering  organization.  He  con- 
firms further  the  opinion  that  this  dis- 
cord in  the  position  of  the  recent  grad- 
uate arises  partly  from  the  failure  of  the 
school  to  establish,  during  the  educa- 
tional period,  the  same  relation  with 
superiors  and  with  tasks  that  must  be 
taken  at  the  moment  of  entering  upon 
technical  employment.  He  emphasizes, 
and  indeed  attaches  prime  importance 
to,  the  question  of  discipline,  which  Mr. 
Going  less   pointedly   indicated   by   con-      indispensable  to. success. 
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long  way  toward  giving  him  a  perma- 
nent set  that  would  bring  him  into  right 
relations  with  his  life  work  after  the  re- 
mainder of  his  student  years  was  fin- 
ished. With  the  utmost  respect  for  Mr. 
Taylor's  opinion,  and  for  the  experience 
upon  which  it  is  based,  this  remedy 
seems  to  us  inadequate,  and  from  the 
very  nature  of  things  manifestly  inca- 
pable of  working  a  permanent  organic 
cure.  We  do  not  want  to  give  the  stu- 
dent an  antidote,  so  to  speak,  which  will 
make  him  immune  from  a  diseased  con- 
dition in  the  university.  We  do  not 
want  to  inoculate  him  and  put  him  back 
into  an  unhealthful  atmosphere.  We 
want  to  make  the  atmosphere  wholesome 
and  invigorating,  so  that  no  antidote  nor 
inoculation  will  be  necessary.  In  brief, 
the  solution  is  not  to  leave  unchecked 
within  the  university  those  misdirecting 
forces  or  policies  that  Mr.  Taylor  sees, 
and  to  try  to  counteract  them  by  apply- 
ing a  directing  impulse  from  without. 
The  solution  is  to  make  the  impulses  and 
tendencies  of  the  university  itself  direct 
the  student  in  the  proper  i)ath.  The 
only  men  who  can  do  this,  wisely,  ef- 
fectively, continuously,  are  the  univer- 
sitv  faculties.  They  have  the  knowledge 
of  methods  of  instruction,  the  love  of 
the  work,  the  enthusiasm  in  it,  the 
genius  for  svstematic  and  orderly  ar- 
rangement of  mental   training,  that  are 
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Without  disparaging  the  value  of  Mr. 
Taylor's  shop  year  for  the  student,  we 
hold  to  the  proposition  advanced  by  Mr. 
Going,  that  the  shop  year  for  the  pro- 
fessor will  prove  the  larger  and  more 
efficient  influence  for  bringing  university 
training  into  parallel  with  engineering 
experience  and  practice. 


An  Interesting'  Public  Document. 

THE  North  Atlantic  Pilot  Chart, 
issued  monthly  by  the  U.  S.  Hydro- 
graphic  Office,  is  a  well  known  but  none 
the  less  remarkable  example  of  the  con- 
densation in  graphic  form  of  important 
data  and  information  necessary  to  navi- 
gators. Even  a  non-technical  reader 
may  find  therein  matter  of  really  absorb- 
ing interest,  changing  with  the  season 
and  amplified  from  time  to  time  by  new 
inclusions.  The  discussion  of  the  move- 
ment of  tropical  hurricanes  and  of  the 
storm  strategy  by  which  the  mariner 
may  outmanoeuver  them  and  keep  his 
vessel  in  safety,  presented  on  the  back 
of  these  charts  during  the  hurricane 
season,  is  a  clear  and  vivid  bit  of  writing 
that  catches  the  interest,  holds  it  en- 
grossed, and  leaves  it  convinced.  It 
would  not  shame  a  Joseph  Conrad. 

To  these  charts  a  new  department  has 
been  added  in  the  form  of  published 
questions  and  answers,  heretofore  buried 
in  the  correspondence  files,  but  now  pre- 
sented publicly  so  that  "the  labor  and 
research  required  to  prepare  these  let- 
ters of  reply  .  .  .  may  become  ef- 
fective in  a  wider  sphere,"  Many  of 
the  communications  are  further  explana- 
tory of  the  subject  matter  of  the  chart, 
and  add  to  its  value  as  the  discussion 
before  a  technical  society  adds  to  the 
value  of  a  contributed  paper.  Thus,  one 
of  the  most  useful  institutions  of  tech- 
nical literature  has  been  applied  suc- 
cessfully to  the  further  advantage  of  a 
public  document,  sometimes  mistakenly 
supposed  to  be  lacking  in  human  in- 
terest. 


The  Industrial  Flood  Tide. 

'"p  HERE  are  some  curious  resem- 
*  blances,  although  in  an  opposite 
direction,  between  the  movement  of  the 
tide  of  industrial  activity  which  now 
seems  to  be  on  the  general  rise,  and  the 
beginnings  of  the  ebb  which  set  in  dur- 
ing the  latter  months  of  1907.  At  that 
time  we  saw,  first  occasionally,  then  fre- 
quently, and  at  last  generally,  retrench- 
ments, cancellations,  contractions,  which 
clear-sighted  and  well-informed  observ- 
ers deplored  as  unnecessary  and  unwar- 
ranted by  any  organic  conditions  in  the 
engineering  industries.  Nevertheless,  in 
spite  of  unanswerable  intellectual  dem- 
onstration that  contraction  was  unneces- 
sary, ihe  contraction  went  on.  It  was 
commonly  spoken  of  as  a  "psychological 
panic,"  meaning  that  it  had  its  origin  in 
an  emotional  attitude  rather  than  any 
necessary  and  inescapable  physical  con- 
ditions. 

Now,  on  the  other  hand,  although  de- 
liberative and  judicial  minds  (like  those 
that  exhorted  against  panic)  are  warning 
the  country  against  buoyancy,  or  at  least 
gravely  querying  whether  reasons  for 
buoyancy  exist,  the  contrary-minded  in- 
dustrial activities  are  obstinately  brisk- 
ing up  at  a  remarkable  rate.  The  great 
foundation  industries  of  the  United 
States — the  steel  companies  and  the  rail- 
roads-— are  moving  back  to  normal  at  a 
pace  which  gives  the  wise  and  con- 
servative some  alarm.  Apparently,  the 
recovery  is  as  "psychological"  as  the 
panic.  At  all  events,  it  seems  fairly 
clear  that  the  course  of  affairs  is  going 
to  be  settled,  and  settled  for  prosperity, 
by  influences  and  tendencies  more  hope- 
ful, more  courageous,  and  probably  after 
all  more  nearly  right  than  the  intellectual 
bvstanders  who  stand  aloof  and  shake 
their  heads  dubiously — bystanders  whose 
doubts  will  do  as  little  to  delay  the  flood 
as  their  arguments  did  to  stay  the  ebb. 
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PLAN      FOR      SECUKINC      INTIMATE      COMMUNICATION      AND      PARALLELISM 
TECHNICAL    EDUCATION    AND    EN(;iNEERING    PRACTICE. 


BETWEEN 


Charles  Buxton  Going — Society  for  the  Promotion  of  Engineering  pAhication. 


WIi  have  already  outlined  at  some 
Itngth  in  these  columns  the 
views  of  Mr.  Charles  Buxton 
Going  on  the  subject*  of  engineering 
education  and  the  adequacy  of  pres- 
ent methods  of  training  for  the  de- 
mands of  practical  work.  In  March, 
1908,  we  reviewed  a  paper  contrib- 
uted to  the  Columbia  University  Quar- 
terly on  the  relation  of  technical 
education  to  industry,  in  which  a  plea 
was  made  for  the  recognition  of 
economic  results  as  practically  the  most 
important  standard  for  determining  the 
excellence  of  engineering  work.  Re- 
cently, in  a  paper  read  before  the  Society 
for  the  Promotion  of  luigineering  Edu- 
cation, Mr.  Going  has  made  a  practical 
suggestion  as  to  how  technical  education 
may  be  brought  more  closely  into  touch 
with  actual,  practical,  working  condi- 
tions. He  argues  that  instructors  in 
technical  subjects  should  spend  one  year 
in  every  five,  or,  better  still,  one  in  every 
three,  in  the  actual  practice  of  the  pro- 
fession. 

Despite  the  splendid  achievements  of 
the  schools  of  applied  science,  he  says, 
they  are  open  to  the  criticism  that  they 
have  withdrawn  too  far  from  intimate 
contact  with  practical  affairs;  in  a  word, 
that  they  have  become  over-academic. 
Idiat  the  graduate  in  engineering  is  pop- 
ularly considered  to  be  incapable  of  se- 
curing from  the  solution  of  engineering 
problems  results  of  economic  value  with- 


out a  considerable  supplementary  train- 
ing.in  minor  practical  positions,  is  an  in- 
dication that  his  training  has  failed  to 
include  recognition  of  some  important 
elements  in  the  problems  he  has  beei. 
taught  to  solve.  Xot  all  his  incapacity 
is  attributable  to  his  comparative  inex- 
perience. A  large  part  is  due  to  the  fact 
that  the  school  is  out  of  close  parallel 
with  life,  that  too  often  engineerin? 
subjects  are  not  taught  as  they  must  be 
practiced. 

For  this  condition  two  reasons  may 
be  assigned.  The  first  is  the  persistence 
of  the  natural  tendency  to  cling  to  old 
forms  and  methods  of  education  or  to 
change  them  as  little  as  possible  in  apply- 
ing them  to  new  subject  matters.  Un- 
fortunately the  old  academic  temper  has 
always  been  fearful,  if  not  intolerant,  of 
anything  utilitarian  or  commercial,  and 
some  lingering  vestiges  of  this  old  mood 
have  made  our  technical  schools  re- 
luctant to  recognize  and  to  teach  eco- 
nomic limitations  as  clearly  as  scientific 
standards  of  perfection.  The  engineer 
is  given  in  the  school  too  academic  a  de- 
votion to  scientific  perfection  en  the  one 
hand.  and.  on  the  other,  an  inadecjuate 
idea  of  the  imperative  character  of  costs. 

"It  is  not  for  a  moment  desirable  that 
the  vision  of  the  goal  set  by  pure  sci- 
ence be  obscured,  l)ut  only  that  the  un 
derstanding  be  increased  of  the  approxi- 
mations which  it  is  expedient  to  accept 
in  actual  performance,  and  the  vonditions 
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by  which  they  are  determined.  Every 
one  must  wish  the  student  of  mechanical 
engineering  to  possess  sufficient  knowl- 
edge of  the  science  to  understand  what 
has  been  done  and  to  take  an  intelligent 
part,  if  necessary,  in  continuing  it.  But 
the  choice  of  power  plant  in  an)  given 
case  depends  on  a  careful  comparison  of 
the  net  total  of  interest  on  investment, 
expense  of  maintenance,  depreciation, 
wages  of  skilled  attendants,  and  fuel 
costs.  The  design  of  a  piece  of  ma- 
chinery may  require  a  sound,  scientific 
knowledge  of  mechanics  and  kinematics, 
a  careful  mathematical  calculation  of 
stresses  and  weights,  and  a  high  degree 
of  skill  at  the  drawing  board.  But  if 
cost  of  construction  is  important — and 
it  usually  is  very  essential- — it  requires 
also  attention  to  economy  in  the  use  of 
the  material  and  especially  of  the  labor 
involved  in  manufacture;  the  selection 
of  stock  sizes;  the  standardization  ot 
gears,  arbors,  bores,  tapers,  bolts  and 
screws;  avoidance  of  difficult  problems 
in  pattern  making  and  molding',  and 
minimization  of  labor  in  machining  and 
assembling  of  parts.  Does  the  average 
course  impress  the  student  with  these 
common-sense  considerations  in  the 
handling  of  materials  as  strongly  as  it 
does  with  theoretical  mechanics  or  the 
technique  of  draftsmanship?  Can  it 
possibly  do  so,  until  the  economics  of 
engineering  are  given  an  entity  in  the 
curriculum,  and  made  to  occupy  an  arc 
of  the  educational  horizon  as  large  as 
that  which  they  will  fill  in  the  graduate's 
discovery  of  his  life  work? 

"Yet  the  very  analogies  I  have  cited 
would  prove  that  this  evolution  of  the 
scientific  school  to  exact  adaptation  to 
its  environment  would  proceed  with  rea- 
sonable rapidity  were  it  not  for  the 
second  obstructive  influence  at  which  I 
have  hinted.  This  is  the  jealousy  of 
the  universities  which  make  them  debar 
the  members  of  their  faculties  from 
mingling  in  practical  affairs.  This  sit- 
uation becomes  like  that  which  might 
result  if  the  merchant  marine  compa- 
nies or  the  navy  department  discouraged 
their  deck  oflScers  from  familiarizino- 
themselves  with  the  use  of  steam.  While 
the  colleges  have  been   unable   to  offer 


rewards  large  enough  to  compensate  an 
able  specialist  for  resigning  independent 
work  in  his  profession,  they  have  dis- 
countenanced or  discouraged  his  com- 
bining outside  practice  with  university 
service.  It  is  vastly  to  the  credit  of  our 
professors  that  in  spite  of  this  disad- 
vantage they  have  maintained  so  active 
and  earnest  an  interest  in  all  contempo- 
rary developments ;  but  without  the  com- 
petitive participation  and  the  daily  in- 
tercourse that  constantly  sharpens  the 
edge  of  the  consulting  engineer's  knowl- 
edge, the  college  man  is  almost  of  ne- 
cessity prevented  from  maintaining 
more  than  an  academic  familiarity  with 
the  broad  range  of  subjects  he  is  ex- 
pected to  teach.  His  assistants,  further, 
upon  whom  the  students  must  depend 
chiefly  for  personal  instruction  and  in- 
dividual contact  with  their  technical 
work,  are  usually  drawn — and  by  budget 
necessity  must  be  drawn — from  a  class 
of  men  whose  experience  is  scarcely  a 
step  in  advance  of  that  of  the  under- 
graduates themselves. 

"Now,  criticism  which  is  not  con- 
structive fulfills  only  half  a  function. 
Let  me  attempt  the  dangerous  service 
of  suggestion.  A  traditional  institution 
of  the  universities  is  the  professor's 
Sabbatical  year,  in  which  he  is  supposed 
to  travel  and  to  familiarize  himself  with 
the  work  done  in  his  subject  elsewhere. 
Suppose  that,  recognizing  the  relatively 
high  rate  of  progress  in  the  applied  sci- 
ences, these  Sabbatical  periods  in  the 
technical  faculties  were  reduced  to  five 
years,  or,  better  still,  to  three ;  and  that 
the  teacher  were  requird  to  spend  each 
third  or  fifth  year,  not  in  sojourning  at 
other  universities,  working  in  other 
laboratories,  hearing  other  lectures, 
and  seeing  how  his  subject  is  taught 
— but  in  active  work  as  an  official 
or  attache  in  a  railway  organization,  a 
bridge  or  construction  company,  or  a 
manufacturing  plant,  seeing  how  the 
things  he  teaches  are  actually  practiced. 
Salary  would  be  immaterial,  as  his  full 
income  from  the  university  would  be 
continued ;  opportunity  for  the  widest 
pnd  closest  possible  contact  with  work 
in  the  field  under  'all  the  conditions 
there  are'  would  be  everything,     I  owe 
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the  completion  of  this  concept  to  the 
active  executive  manager  of  one  of  our 
largest  manufacturing  corporations.  His 
enthusiastic  approval  of  it  goes  far  to 
indicate  the  cordial  co-operation  that 
would  be  given  by  business  interests  in 
making  such  a  plan  operative.  To  them 
it  would  bring  not  only  the  valuable  aid 
of  the  university  man's  trained  faculties, 
but  the  prestige  of  association  with  col- 
leges of  high  standing  and  repute.  To 
them,  also,  would  soon  accrue  another 
advantage  in  the  higher  usefulness  of 
the  graduates  turned  out  from  the  col- 
lege to  enter  industrial  or  engineering 
service.  To  the  professor  would  be 
opened  the  most  fertile  and  most  in- 
structive working  and  research  labora- 
tories where  experiments  on  a  full-sized 
scale,  backed  by  an  endowment  such  as 
he  never  could  dream  of  controlling, 
were  spread  before  him  in  full  opera- 
tion twenty-four  hours  of  the  day.  And 
think  of  the  assured  grasp  of  the  latest 
ideas  and  methods,  the  freshness  of 
viewpoint,  and  the  energy  of  demon- 
stration with  which  each  man  would 
return  to  his  classes  after  a  year  in  the 
field.  This  would  be  a  sort  of  univer- 
sity extension  that  would  keep  engineer- 
ing education  and  practice  in  intimate 
communion  and  in  constant  parallel. 

*Tn  so  far  as  any  lack  of  proportion 
or  of  balance  may  exist  in  the  resultant 
of  the  present  technical  courses,  it  is 
probably  due  to  a  disposition  so  ad- 
mirable that  one  hesitates  to  call  it  a 
defect — that  is,  the  passion  for  thor- 
oughness actuating  every  member  of  the 
faculty,  each  in  his  department.  But, 
after  all,  I  do  not  know  that  what  we 
teach  is  so  important  as  how  we  teach 
it.  The  question  is  not  so  much  of  the 
functional  performance  of  our  engineer- 
ing schools  as  of  their  organic  constitu- 
tion. Are  we  doing  the  best  that  can 
be  done,  or  all  that  should  be  done,  to 
establish  right  relations  between  the 
faculty  and  the  profession,  and  between 
the  student  and  the  faculty,  or  to  intro- 
duce the  student  to  the  atmosphere,  the 
viewpoint,  the  spirit  of  his  life-work? 

"Although  engineering,  whether  static 
or  dynamic,  demands  organization  more 
nearly  like  the  military  form  than  any 


other  civil  occupation,  our  engineering 
courses  try  to  mold  men  for  this  most 
active  and  energetic  pursuit  b>  methods 
inherited  from  the  cloister  and  the  cell. 
We  make  laboratory,  shop  and  field 
scarcely  more  than  an  annex  to  lecture- 
room  and  study.  We  assume  to  a  very 
large  extent  that  a  system  excellent  for 
teaching  theology,  the  classics,  letters, 
and  perhaps  pure  mathematics,  will 
serve  for  teaching  railway  engineering, 
superintendence  of  a  power  plant,  or 
shop  administration,  by  the  mere  change 
of  text  books  and  of  topics  discoursed 
upon  from  the  lecturers'  platform.  We 
attempt  to  develop  that  'objective,  syn- 
thetic' habit  of  mind  of  which  I  spoke 
some  time  ago  by  a  mode  of  training 
evolved  to  reach  the  ideal  of  a  sub- 
jective, analytical  mentality.  It  takes 
our  students  some  years  of  after  train- 
ing to  learn  to  be  something  more  than 
analytical  and  critical  and  to  get  down 
to  things.  In  short,  the  boy  entering 
Annapolis  or  West  Point  steps  at  once 
into  the  life  of  the  navy  or  the  army  and 
becomes  a  part  of  it.  His  graduation 
is  merely  a  step  forward  in  the  same 
direction.  The  boy  entering  one  of  our 
engineering  schools  usually  steps  into 
something  totally  unlike  an  engineering 
corps,  a  manufacturing  shop,  or  the 
motive-power  department  of  a  railway. 
His  graduation  is  a  plunge  into  a 
strange  and  bewildering  stream  moving 
in  an  entirely  new  direction. 

"The  change,  therefore,  that  I  think 
will  bring  us  nearer  to  truth  is  not  one 
of  detail ;  it  is  fundamental.  It  cannot 
be  accomplished  easily.  Nevertheless, 
somewhere  in  that  direction,  I  think, 
lies  the  way  to  the  great  technical 
school  of  the  future.  We  shall  begin 
to  work  towards  it  when  we  devise  some 
plan  by  which  our  engineering  teachers 
will  live  nearer  to  our  practicing  engi- 
neers. We  will  grow  nearer  to  it  when, 
in  our  schools  of  applied  science,  a 
closer  fellowship  is  established  between 
'town  and  gown.'  The  jealousy  of  many 
universities,  which  discourages  the 
teacher  from  maintaining  close  touch 
with  active  professional  work,  as  al- 
ready suggested,  i^;  one  of  tl  e  regretta- 
ble influences  forcing  our  practical  sci- 
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ence  courses  out  of  parallel  with  the 
progress  of  industry.  A  more  weighty 
one  still  perhaps  is  the  small  opportunity 
given  the  alumnus  to  be  heard  in  uni- 
versity councils  and  to  bring  back 
within  universiiy  bounds  the  fresh  spirit 
and  suggestion  of  the  constantly  chang- 
ing world  without.  The  result  is  an  in- 
evitable    set     toward     formalism     and 


scholasticism  on  one  side,  and  toward 
apathy  on  the  other.  Through  freer, 
wider,  and  more  frequent  intercourse 
between  faculty  and  alumni,  probably 
more  effectually  than  in  any  other  way, 
will  the  evolutionary  forces  of  the  won- 
derful system  of  technical  education  be 
kept  vigorous  and  instantly  responsive 
to  the  demands  of  industrial  life." 


CANAL  .BUILDING   IN   EUROPE. 

A  SUMMARY  OF  WORK  IN   PROGRESS  AND  PROJECTED  FOR  THE  IMPROVEMENT   OF  INLAND 

NAVIGATION    FACILITIES. 

Engineering. 


INLAND  water  transportation  is  gen- 
erally known  to  be  conducted  in 
Europe  on  a  very  large  scale,  but 
few  have  an  adequate  conception  either 
of  the  extent  to  which  facilities  for  in- 
land navigation  have  been  developed 
by  the  governments  of  the  various  coun- 
tries, or  of  the  magnitude  of  the  im- 
provements which  are  now  under  way 
or  in  contemplation.  An  editorial  re- 
view in  Engineering  for  May  7  gives  a 
brief  summary  of  present  activity,  from 
which  we  quote  at  length. 

"What  is  being  done  in  the  matter  of 
water  carriage  all  over  the  world  was 
well  shown  at  the  eleventh  Interna- 
tional Navigation  Congress  at  St.  Pe- 
tersburg last  summer.  That  city  was  a 
fitting  place  for  the  meeting,  because, 
judged  by  the  length  of  her  artificial 
water  courses,  Russia  leaves  all  the 
other  countries  far  behind.  The  length 
of  Russian  canals,  estimated  at  173,000 
kilometres  (107,500  miles),  in  fact  ex- 
ceeds the  total  length  of  the  canals  of 
the  other  European  countries  and  of  the 
United  States  by  about  51,000  kilome- 
tres (32,000  miles).  In  that  estimate 
the  United  States  are  credited  with  33,- 
688  kilometres  of  canals,  Germany  with 
24,159  kilometres,  France  with  21,561 
kilometres.  Great  Britain  with  13,087 
kilometres,  the  Netherlands  with  8,087 
kilometres,  Sweden  with  7,211  kilome- 
tres, Austria  with  6,461  kilometres,  and 
Italy  with  3,550  kilometres.  The  length 
is,  of  course,  not  a  criterion  of  the  im- 
portance of  a  water  course.  But  Russia 
is  making  notable  efforts  to  develop  its 
shipping  and  to  improve  its  ports. 


"In  some  of  these  efforts  the  Russian 
and  the  Austrian  governments  are  co- 
operating. This  work  concerns  the  reg- 
ularisation  of  the  Vistula,  whose  upper 
courses  are  in  Austrian  territory.  The 
German  Government  is  likewise  inter- 
ested in  those  operations,  as  a  navigable 
canal  joining  the  Danube  to  the  Oder, 
which  also  rises  in  Austria,  but  is  es- 
sentially a  Prussian  river,  and  to  the 
Vistula,  is  being  projected.  Austria  is 
further  engaged  in  the  regularisation  of 
the  March,  or  Morava,  which  joins  the 
Danube  together  with  the  Thaya,  and 
of  the  Danube  itself.  The  Danube 
.  canal,  which  traverses  the  city  of  Vi- 
enna, has  been  provided  with  barrages 
and  locks,  which  protect  the  Vienna 
docks  against  floods  and  drifting  ice; 
another  great  winter  port  has  been  cre- 
ated at  Linz,  situated  on  the  Danube, 
above  Vienna.  Regularisation  is  also 
being  carried  out  on  the  Moldau,  or 
Moldava,  the  river  on  which  Prague  is 
situated,  and  on  the  Elbe,  into  which 
the  Moldava  flows.  The  position  is, 
however,  so  far  peculiar,  as  the  Aus- 
trian Government  hesitates  to  spend  the 
grants  which  the  legislative  bodies  have 
made.  The  Government  objects  that 
the  designs  and  the  estimates  on  which 
the  designs  were  based  are  not  suffi- 
ciently reliable.  As  the  recent  expert 
reports  confirm  those  previously  made, 
however,  it  is  expected  that  .operations 
will  no  longer  be  delayed,  especially  in 
the  Danube-Oder  canal. 

"In  Hungary  protection  against  floods 
is  a  more  serious  problem  than  the  pro- 
motion of  shipping,  though  the  Danube 
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is  certainly  a  waterway  of  the  very  first 
order.  The  canalisation  of  the  main 
rivers  and  their  tributaries  already  set- 
tled concerns  7,000  kilometres  (over 
4,000  miles)  of  rivers.  What  has  been 
done  at  the  Iron  Gates,  and  in  connec- 
tion with  the  regular  canalisation  of  the 
Danube  for  many  miles  above  the  Gates, 
need  not  be  repeated  on  this  occasion. 

"The  great  improvements  which  Ger- 
many  is   effecting   in    its   ports,    canals, 
rivers,  and  on  its  coasts,  have  also  been 
referred  to  in  our  columns.     The  Prus- 
sian Parliament  of  1905  did  not  approve 
of  the  full  scheme  of  a  West-East  Canal, 
which  was  to  link  all  the  great  rivers 
flowing   northward.      But    it    placed    25 
million    pounds   at   the    disposal    of   the 
Government  for  the  benefit  of  agricul- 
ture and  shipping.    The  necessary  nego- 
tiations and  the  projects  are  nearly  com- 
plete, and  operations  have  been  started 
on  the  Canal  Berlin-Stettin  and  on  the 
Rhine-Hanover  Canal.    Great  reservoirs 
are  to  be  created  near  the  sources  of  the 
Weser  River,  sufficient  to  feed  the  Weser 
section  of  the  West-East  Canal.    Locks 
have  been  built  on  the  Upper  Oder,  com- 
prising twelve  new  locks  fitted  for  haul- 
age service.     The   electric  traction,   in- 
troduced on  the  new  Teltow  Canal,  near 
Berlin,    has    excited    general    attention, 
and  the  Warthe  and  Netze,  tributaries 
of  the  Oder,  from  the  east,  which  pass 
through  many  miles  of  what  used  to  be 
hopeless  swamps,  are  being  canalised  for 
vessels  of  450  tons  burden.     At  an  ex- 
penditure   of    1 1.5    million    pounds,    the 
Kaiser  Wilhelm  Canal,  cut  through  Hol- 
stein   to   join   the   Baltic  to   the   Lower 
Elbe  and  the  North  Sea,  is  to  be  ren- 
dered navigable  for  the  largest  modern 
warships.     Much  has  also  been  done  for 
the   lighthouse    service   of   the    German 
coasts,  the  number  of  lights  having  been 
increased   and   their   intensity   consider- 
ably   raised.      The    old    Hansa   towns — 
Hamburg,    Bremen    and    Liibeck — have 
spent  large   sums  on  the  improvements 
of  their  ports,  and  now  the  former  two 
can  rely  on  10  metres  (32  feet  9  inches) 
of  water  at  low  tide.     The  municipality 
of  Harburg,  on  the  Elbe,  is  building  a 
great  port  there,  and  the  Prussian  Gov- 
ernment is  doing  the  same  for  Emden, 
situated  on  the  Dollart   (a  bay  of  the 


North  Sea)  in  the  estuary  of  the  River 
Ems.  The  harbour  works  of  Ruhrort, 
now  finished,  make  this  port  one  of  the 
world's  greatest  inland  docK   centres. 

"South  Germany  is  not  behind.  The 
wide  and  deep,  but  winding,  Rhine  is 
being  regularised  for  large  vessels  on 
the  reach  Mannlicim-Strassburg,  and  the 
Main  is  to  be  canalised  from  Offenbach, 
near  Frankfort,  up  to  Aschaffenburg. 
The  fate  of  this  latter  project  and  of 
several  others  will  depend  upon  the 
final  settlement  of  the  shipping  dues 
question.  The  traffic  on  the  rivers  and 
canals  of  Germany  represented  in  the 
year  1905  about  15  thousand  million 
(15,000,000,000)  ton-kilometres,  and  the 
transport  by  water  has  continued  to  in- 
crease. 

"The  Netherlands,  the  country  which 
could  not  exist  without  hydraulic  engi- 
neers and  which  prospers,  thanks  to 
their  efforts,  are  doing  their  best  for  the 
great  ports  of  Amsterdam  and  Rotter- 
dam. The  Ymuiden-Amsterdam  Canal, 
which  we  have  described,  is  being  exca- 
vated to  a  depth  of  10  metres  and  wid- 
ened so  as  to  take  the  largest  vessels 
right  into  the  docks  of  Amsterdam ;  and 
Rotterdam  is  going  to  build  a  new  Waal 
port  of  760  acres  area,  which  will  rank 
with  the  most  extensive  of  the  globe. 

"At  the  end  of  1903,  when  the  pro- 
jects of  Freycinet  called  for  a  further 
expenditure  of  170  million  francs, 
France  voted  300  million  francs,  of 
which  128  million  were  to  be  spent  on 
the  sea  ports,  the  rest  on  the  improve- 
ment of  inland  navigation.  More  than 
half  of  this  sum — viz.,  165  million  francs 
— had  been  spent  by  1907,  the  maritime 
ports  claiming  106  million.  The  ports 
of  Havre  and  St.  Nazaire,  which  have 
been  provided  with  new  entrances,  and 
Dieppe,  Dunkerque,  Boulogne,  Rouen, 
Nantes,  Bordeaux,  and  Marseilles  have 
particularly  benefited;  but  more  money 
has  since  been  granted,  and  the  colonial 
ports  of  Algiers,  Tunis,  Dakar  (Cape 
Verde),  and  Diego-Suarez  (Madagas- 
car) are  also  being  improved. 

"Belgium  had  in  the  years  1907-1908 
sums  of  53  million  francs  at  its  disposal, 
about  half  for  inland  navigation  and 
half  for  sea  ports.  The  haibour  improve- 
ments at  Antwerp,  which  have  cost   16 


824 


THE   ENGINEERING   MAGAZINE. 


million  francs  in  the  years  1906  to  1908, 
are  not  included  in  these  estimates,  nor 
are  other  essentially  municipal  opera- 
tions. The  maritime  ports  of  Ghent 
(Gand),  Brussels,  Bruges,  Zee-Briigge, 
and  Ostend  are  practically  complete. 
The  inland  canalisation  work  indicates, 
in  part,  the  connection  with  northern 
France,  which  is  doing  its  share  in  these 
improvements. 

"The  terrible  disaster  which  has  be- 
fallen the  Straits  of  Messina  may  mod- 
ify the  projects  which  Italy  was  carry- 
ing out  in  accordance  with  the  grants 
of  2,^  and  13.5  million  francs  of  the  year 
1904,  and  of  137  million  francs  of  1907. 
The  sums  were  to  be  expended  on  the 
ports  of  Livorno,  Naples,  Brindisi,  Lido 
(Venice),  Palermo,  and  Messina;  Civita 
Vecchia  and  Savona  have  also  drawn  on 
these  funds,  while  Genoa  has  been  able 
to  raise  15  million  francs  during  the 
past  four  years  for  her  port. 

"The  Spanish  Government  has  not 
been  able  to  do  much  except  for  harbours 
of  refuge;  most  of  the  Spanish  ports 
are  under  the  control  of  commissions, 
known  as  juntas  de  obras.    Portugal  has 


not  been  in  a  position  to  effect  note- 
worthy innovations  either.  The  for- 
merly Portuguese. and  Spanish  colonies 
in  South  America  are  more  active.  The 
ports  of  Manaos,  Santos,  Bahia,  and  Rio 
de  Janeiro,  also  Para  and  Pernambuco 
in  Brazil,  Montevideo  in  Uruguay, 
Buenos  Aires,  Rosario,  and  La  Plata,  in 
the  Argentine  Republic,  are  undergoing 
improvements  which  will  be  much  appre- 
ciated. Tenders  have  quite  recently 
been  invited  for  a  canal,  36  miles  in 
length,  including  canalisation  of  the 
Lugan  River  for  11  miles,  to  join 
Buenos  Aires  to  the  Rio  Parana  de  las 
Palmas;  the  depth  is  to  be  285^  feet. 

"The  progress  realised  in  Sweden  has 
repeatedly  been  commented  upon  in  our 
columns.  The  utilisation  of  the  water- 
power  of  the  Trollhattan,  and  of  the 
Gota-Aelf,  which  the  Government  has 
also  bought,  is  being  extended,  and  will 
make  nearly  200,000  horse-power  avail- 
able. In  connection  with  this  huge 
scheme,  which  will  afford  another  char- 
acteristic illustration  of  the  competition 
between  black  and  white  coal,  the  fam- 
ous Trollhattan  Canal  is  being  rebuilt." 


A   MACHINE   FOR   TESTING   TOOL   STEELS. 

THE    CONSTRUCTION,    OPERATION    AND    APPLICATION    OF   A    NEW    DEVICE    FOR    MEASURING 
THE   CUTTING  POWER  AND  DURABILITY   OF   TOOLS. 

Edward  G.  Herbert — American  Machinist. 


THE  common  method  of  testing 
tool  steel,  as  carried  out  in  the 
workshop,  is  to  set  a  tool  at 
work  in  a  lathe  and  observe  how  long 
it  retains  its  edge,  the  weight  of  metal 
it  removes  and  the  cutting  speed  which 
can  be  attained.  Although  the  process 
is  apparently  simple,  it  is  extremely  diffi- 
cult to  obtain  results  of  even  approxi- 
mate accuracy.  Indeed,  so  real  is  the 
difficulty  that  steelmakers,  who  are 
themselves  unable  accurately  and  con- 
veniently to  test  their  own  products, 
find  it  hard  to  induce  prospective  cus- 
tomers to  make  a  trial  of  their  steels. 
Both  manufacturers  and  users,  there- 
fore, should  benefit  materially  by  the 
introduction  of  a  machine  for  the  test- 
ing of  tool  steels,  recently  invented  in 
England.  A  description. of  the  device  and 
a  summary  of  the  more  important  results 


already  obtained  are  taken  from  an  ar- 
ticle by  Edward  G.  Herbert  in  the  Amer- 
ican Machinist  for  May  20. 

"The  principle  of  the  tool-steel  test- 
ing machine  will  be  readily  understood 
with  the  aid  of  the  diagram,  in  which 
A  represents  a  tube,  usually  of  steel,  ^ 
inch  in  diameter  and  ^-inch  bore,  re- 
volving about  a  vertical  axis  in  the  di- 
rection indicated  by  the  arrow,  with  its 
lower  end  resting  on  a  fixed  abutment 
B  of  hardened  steel.  The  steel  to  be 
tested  is  made  into  a  tool  C  which,  as 
shown  in  the  perspective  view,  is  ground 
something  like  a  left-hand  side  tool. 
The  tool  is  held  in  a  vise  D  which  is 
balanced  on  knife  edges  represented 
diagrammatically  by  E.  Attached  to 
the  vise  is  a  steelyard  F  with  a  movable 
poise  and  scale.  A  dash  pot  H  steadies 
the   vise   and  tool,   and  prevents  vibra- 
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tion.  By  a  suitable  adjustment  of  the 
poise  on  the  steelyard,  the  tool  can  be 
caused  to  press  upward  against  the  end 
of  the  tube  with  any  desired  force.  The 
tube  is  held  down  in  the  abutment  B 
by  the  weight  G,  and  the  downward 
pressure  is  always  in  excess  of  the  up- 
ward pressure  of  the  tool,  so  that  the 
tube,  as  it  is  turned  away  by  the  tool, 
is  constantly  fed  downward  and  kept 
in  contact  with  the  abutment  B.  The 
point  at  which  cutting  takes  place  is, 
therefore,  stationary.  The  tool  con- 
tinues to  turn  away  the  tube  as  long  as 
it  remains  sharp  enough  to  penetrate 
the  metal,  but  eventually  it  attains  that 
definite  degree  of  bluntness  at  which  its 
upward  pressure  against  the  tube  is  no 
longer  sufficient  to  cause  it  to  cut,  and 
it  then  slips  over  the  surface  of  the 
tube  without  further  cutting  action. 


DIAGRAMMATIC  VIEW  OF  THE  TOOL  STEEL 
TESTING    MACHINE. 

**The  tube  is  driven  by  a  vertical 
spindle,  which  receives  its  motion 
through  cone  and  friction  disk  gearing, 
capable  of  giving  it  a  wide  and  continu- 
ous range  of  speeds.  A  drum  covered 
with  squared  paper  is  driven  from  the 
spindle  through  worm  and  spur  gearing, 
so  as  to  make  one  revolution  to  24,000 
revolutions  of  the  spindle.  A  pencil 
mounted  on  a  sliding  bar  is  connected 
to  the  spindle  by  a  fine  chain,  so  that 
vertical  movements  of  the  spindle  are 
communicated  to  the  pencil.  The  com- 
bined movements  of  the  drum  and  pen- 
cil result  in  drawing  a  line  on  the  paper, 
whose  slope  measures  the  rate  at  which 
the  spindle  moves  downward;  that  is, 
the  rate  (in  inches  per  1,000  revolu- 
tions) at  which  the  tube  is  being  turned 
away  by  the  tool.  When  cutting  ceases, 
the  line  becomes   horizontal,   since   the 


drum    continues    to    revolve,    while    the 
pencil  remains  stationary. 

"Now  suppose  the  hardness  of  the 
tube  and  the  speed  at  which  it  is  driven, 
the  rake  and  clearance  angles  of  the 
tool  and  the  force  with  which  it  is 
pressed  against  the  tube,  are  all  ex- 
actly known  and  constant;  then  the 
tube  will  be  cut  away  at  a  certain  defi- 
nite rate  which  will  be  shown  by  the 
slope  of  the  line  drawn,  but  any  varia- 
tion in  any  one  of  the  conditions  will 
be  shown  by  a  variation  in  the  slope, 
which  thus  acts  as  an  absolute  check  on 
the  uniformity  of  the  conditions. 

"There  is  one  remaining  conditions 
besides  those  enumerated  above,  which 
is  variable  and  w^hich  affects  the  rate  of 
cutting;  namely,  the  sharpness  of  the 
tool.  This  varies  at  a  rate  which  de- 
pends (other  things  being  equal)  simply 
on  the  quality  and  temper  of  the  steel 
of  which  it  is  made.  Owing  to  the  vise 
being  balanced  on  knife  edges,  loss  of 
sharpness  can  only  take  place  up  to  a 
certain  definite  degree  of  bluntness, 
measured  by  the  slipping  of  the  tool. 
Therefore,  the  number  of  revolutions 
made  by  the  tube  before  this  slipping 
takes  place  is  an  exact  measure  of  the 
quality  of  the  tool  steel. 

"In  practice  one  side  of  the  tool  is 
ground  perfectly  fiat  and  is  held  against 
the  fixed  jaw  of  the  vise.  A  pointer  is 
attached  to  the  vise,  and  by  setting  this 
to  an  index  mark,  the  fixed  jaw  is 
brought  to  a  vertical  position,  with  the 
tool  in  contact  with  the  tube.  Set  in 
this  position,  the  tool  has  no  rake.  It  is 
ground  with  a  clearance  angle  of  20 
degrees.  This  form  of  tool  is  adopted 
partly  for  the  sake  of  simplicity.  It  in- 
volves the  grinding  of  only  one  angle 
and  is  easily  set.  It  is  not  the  most 
efficient  form  for  cutting,  but  this  is  in 
itself  an  advantage,  as  an  inefficient  tool 
is  w^orn  out  sooner  than  an  efficient  one, 
and  the  object  is  not  to  cut  away  the 
maximum  amount  of  stock,  but  to  wear 
the  tool  out  in  a  reasonably  short  time 
under  standard  conditions,  measuring 
its  quality  by  its  resistance  to  wear. 
The  angles  of  the  tool  can,  however,  be 
varied  if  it  is  desirable.  If  the  test  tube 
is  of  soft  steel  the  tool  must  have  some 
rake,  in  order  to  make  a  clean  cut  with- 
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out  burring  the  tube  and  so  increasing 
the  width  of  contact  of  the  cutting  edge. 
Rake  can  be  provided  for  with  the  same 
type  of  tool,  by  the  use  of  vise  jaws 
tapered  at  the  desired  angle. 

"It  might  at  first  sight  appear  that  a 
good  tool  would  turn  away  a  great 
length  of  tube  before  becoming  blunt. 
That  this  is  not  so  in  practice  is  due 
partly  to  the  shape  and  position  of  the 
tool,  and  partly  to  the  composition  of 
the  test  tube.  The  latter  is  made  of  a 
special  steel  containing  0.6  per  cent  car- 
bon, 0.83  per  cent  manganese,  and  0.21 
per  cent  silicon.  This  steel  has  great 
wearing  properties,  and  it  is  subjected 
to  a  special  heat  treatment  which  gives 
it  considerable  hardness  and  great  uni- 
formity. A  good  tool  will  be  blunted  by 
turning  away  a  few  inches  of  this  steel, 
the  feed  being  usually  about  o.ooi  inch 
per  revolution." 

The  experiments  made  with  the  ma- 
chine so  far  have  been  arranged  prin- 
cipally with  a  view  to  indicating  the 
directions  in  which  research  may  be 
usefully  carried  out.  Nevertheless, 
some  highly  interesting  practical  results 
have  been  obtained.  The  first  series  of 
tests  was  designed  to  prove  the  relia- 
bility of  the  machine  by  comparing  the 
cutting  qualities  of  tools  carefully 
ground  from  ordinary  carbon  steel  and 
from  a  very  good  high-speed  steel. 
Tools  with  no  rake  and  20  degrees  clear- 
ance were  tested  under  the  same  con- 
ditions, with  15  pounds  pressure  and  a 
cutting  speed  of  30  feet  per  minute, 
under  a  copious  flow  of  water.  Both 
tools  cut  at  the  same  rate,  as  was  an- 
ticipated, but  an  unexpected  feature  of 
the  test  was  that  the  carbon  steel  lasted 
four  times  as  long  as  the  high-speed 
steel.  A  large  number  of  tests  at  this 
cutting  speed  gave  always  the  same  re- 
sult: the  cast  steel  did  several  times  as 
much  work  as  the  high-speed  steel. 
When  the  cutting  speed  was  increased 
from  30  to  40  feet  per  minute,  however, 
the  high-speed  steel  did  twice  as  much 
work  as  the  carbon  steel. 

Tests  were  made  on  a  number  of  tools 
cut  from  various  steels,  at  cutting 
speeds  ranging  from  12  to  120  feet  per 
minute,  all  the  other  conditions  remain- 
ing: constant.     None  of  the  tools  would 


cut  at  all  at  the  lowest  speed  under  the 
pressure  of  15  pounds.  As  the  speed 
progressively  increased,  the  amount  of 
metal  removed  per  revolution  increased, 
and  there  was  also  an  increase  in  the 
amount  of  metal  removed  before  the 
tool  became  too  blunt  to  cut.  At  the 
higher  speeds  the  tools  continued  cut- 
ting until  they  were  in  a  very  bad  con- 
dition, while  at  low  speeds  they  slipped 
as  soon  as  the  edge  was  very  slightly 
worn.  This  puzzling  phenomenon  has 
since  been  confirmed  in  many  ways  in 
the  machine  shop. 

When  tests  of  a  number  of  tools  had 
been  made  at  various  speeds,  the  re- 
sults were  plotted  out  in  the  form  of  a 
single  diagram  in  which  the  vertical 
distances  represented  the  number  of 
revolutions  made  by  the  tube  before  the 
tool  slipped,  and  .horizontal  distances, 
cutting  speeds  in  feet  per  minute. 
Starting  at  12  feet  per  minute,  at  which 
speed  none  of  the  tools  would  cut,  the 
"speed  curve"  of  the  cast  steel  rises  at 
once  and  attains,  its  maximum  height  at 
55  feet.  All  the  high-speed  steels  show 
a  very  gradual  slope,  with  a  durability 
several  times  less  than  that  of  the  car- 
bon steel  up  to  a  speed  of  30  feet  or 
more,  and  then  rise  suddenly  very  high 
above  the  cast  steel. 

The  speed  curves  give  a  correct  com- 
parison of  the  durability  of  the  steels 
at  any  given  speed,  but  they  do  not  show 
the  relative  durability  of  the  same  steel 
at  different  speeds.  A  micrometer  at- 
tachment was  devised  for  measuring 
the  amount  of  wear  of  the  tool  while 
cutting  is  in  progress,  and  from  the  in- 
formation obtained  by  this  means  a  set 
of  equal-wear  speed  curves  was  con- 
structed. The  most  striking  and  im- 
portant fact  brought  out  by  these  curves 
is  that  very  low  speeds  are  no  less  de- 
structive of  the  edge  of  a  cutting  tool 
than  very  high  speeds.  This  applies  to 
every  kind  of  steel  tested.  It  is  a  fa- 
miliar fact  that  high-speed  steel  does 
not  keep  its  edge  well  under  light  fin- 
ishing cuts.  The  speed  curves  show 
that  a  good  high-speed  steel  preserves 
its  edge  under  a  very  light  cut  better 
than  a  carbon  steel  if  the  speed  is  suf- 
ficiently high.  This  fact,  that  the  dura- 
bility of  a  tool  can  be  increased  by  in- 
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creasing  the  speed  has  been  applied 
with  marked  success  in  the  operation 
of  the  workshop.  The  peak  of  the 
speed  curves,  where  the  durability  of 
the  tool  is  at  its  maximum,  covers  a 
narrow  range  of  speeds,  and  the  dura- 
bility falls  rapidly  as  the  speed  goes 
above  or  below  these  narrow  limits. 

Comparison  of  the  rate  of  removing 
metal  is  obtained  by  the  construction  of 
"duty  curves."  "Duty"  is  the  product 
of  the  durability  at  any  speed  and  the 
speed  itself;  it  is  proportional,  there- 
fore, to  the  rate  at  which  metal  is  being 
removed.  Duty  curves  give  valuable 
information  as  to  the  influence  of  the 
various  ingredients  in  the  steel  and  of 
various  methods  of  working  it,  on  its 
working  properties. 

Although  experiments  undertaken  to 
determine  the  relation  of  cut  and  speed 
with  reference  to  their  influence  on  the 
wear  of  the  cutting  tool  have  not  yet 
been  completed,  it  is  possible  to  antici- 
pate with  considerable  confidence  the 
general  form  which  this  relation  will 
assume.  There  seems  little  doubt  that 
durability  of  a  cutting  tool  is  almost 
entirely  dependent  on  the  rate  at  which 
heat  is  generated  in  cutting,  and  this 
being  so  it  follows  that  the  durability 
of  the  tool  will  be  the  same  for  any 
combination  of  cut  and  speed  which 
generates  the  same  amount  of  heat  in  a 
given  time.  Theoretical  considerations 
lead  to  the  conclusion  that  the  rate  at 


which  heat  is  generated  by  a  unit  length 
of  cutting  edge  is  proportional  to  the 
thickness  of  the  chip  multiplied  by  the 
cube  of  the  cutting  speed.  If  Cj,  S^  are 
the  thickness  of  the  chip  and  the  cut- 
ting speed,  respectively,  at  any  point  on 
the  speed  or  duty  curve,  C^  the  thick- 
ness of  the  chip  which  is  to  be  made  in 
practical  working,  and  S,  the  corre- 
sponding speed,  then  the  relation  will  be 
expressed  by  the  formula, 

^1  ^1  ^^^^  ^2  '^a  > 

whence 

In  applying  this  formula,  however,  the 
character  of  the  steel,  the  shape  of  the 
tool  and  the  ratio  between  the  width 
and  thickness  of  the  chip  have  to  be 
taken  into  account. 

Besides  its  primary  function  of 
measuring  the  quality  of  tool  steels,  the 
testing  machine  opens  a  wide  field  of 
inquiry  into  all  phenomena  connected 
with  the  action  of  cutting  tools.  Among 
the  investigations  to  which  it  is  par- 
ticularly adapted  may  be  mentioned  the 
determination  of  the  effect  of  rake,  clear- 
ance and  slope  in  relation  to  efficiency 
and  durability,  and  the  effect  of  lubri- 
cants on  the  wear  of  cutting  tools.  It 
may  also  be  applied  to  the  determination 
of  the  resistance  to  wear  of  metals  in 
frictional  contact  and  to  the  measure- 
ment of  hardness. 


THE    COST   OF   PRODUCING   STEEL   IN   FOUNDRIES. 

THE    FUTURE    RELATION    OF    ELECTRIC    STEEL-MAKING    PROCESSES    TO    PRESENT   METHODS. 

Bradley   Stoughton — American   Foundrymen's   Association. 


THE  table  of  costs  of  producing 
steel  in  foundries,  given  on  the 
next  page,  has  been  compiled 
from  nine  tables,  dealing  separately 
with  the  various  processes,  contained  in 
a  paper  read  by  Dr.  Bradley  Stoughton 
at  the  recent  meeting  of  the  American 
Foundrymen's  Association.  The  chief 
object  of  Dr.  Stoughton's  study  was  not 
particularly  to  publish  the  cost  of  mak- 
ing steel  for  castings,  but  to  consider 
the  future  relation  of  electric  steel- 
making  processes  to  present  methods  of 
foundry  work,  a  subject  in  which  there 


are  many  indications  of  a  lively  inter- 
est on  the  part  of  the  steel-casting  in- 
dustry. All  his  tabular  data  are  pre- 
sented in  condensed  form  in  the  table 
appended ;  we  give  also  an  abstract  of  his 
comment  on  the  various  processes. 

In  the  table  the  prices  of  raw  ma- 
terials, figured  on  the  basis  of  a  short 
ton,  were  those  current  in  Pittsburg 
the  first  week  in  May,  1909.  It  is  not 
expected  that  the  prices  and  weights 
given  will  be  accepted  by  every  one  as 
representative  of  his  prac^^ice,  but  the 
items  can  easily  be  altered  to  suit  each 


828 


THE  ENGINEERING  MAGAZINE. 


M 
Q 

» 

H 

H 


to 


o 

o 
Pi 


o 

M 

M 

•< 
> 

>< 

O 

o 


(L) 

o 
u 


'p.  '(« 

S 

u    to 

i  *- 

•^^    o 
o 

.3    o. 

w  ^ 
**   t! 

o    u 
bo  •<3 

2  a 


O 


o  "d 

P^ 

}^   c 

ft  rt 

o 


a  to 

O     (0 


to   <-- 

rt    oJ 

•^  6 


u 


"d 
c 


U  J3 


•-) 

01 
M 

o. 

M 

o 

M 

u 

H 

o 

IS 

CO 

u 

O 

Q. 

o 

rt 

^ 

J3 

^ 

Ph 

;3 

<u 

§ 

JC 

(U 

OS 

C 

CO 

p^ 

0) 

o 

rt 
^ 

o  (Min  ■* 


r-l  «^ 


oi ;_,  «o<o 


e*io  i-H 
Sd» 

■"rHi-H 


W  I 


L  • 


sm 


ooeo©J 

OOW5  •* 

o  om  CO 

o  (M  in  M< 

©*in  CO 

o  CO  CO  <c 

14.5 
133 
66. 

$9.6 

oi-i<_jco 
in          d 

COrHj_;e* 

o          o 

201 
100. 
15.1 

rH             -b^- 

Ol           <«- 

-«»<             i(9- 

«9- 

<«- 

r-l 
•6a 

<(9- 

<«- 

o  ococ* 

•    .    .    • 

o  oirt  CO 

o  CQ  in  -"ji 

M(M  CO 

o  CO  CO  CO 

•    •    •    • 

OM^CO 

COrH^ei 

-*  OOO 

-;«c     ^ 

•    .    .    • 

OrH      • 

l-H  " 


l-H  " 


O 


O 


fe 


oo    oo    «O«0    Oco 
O-^J*    oco    |H«D    rHoo 

l-H  r-l  "^  •69-^ 


OO    oo    >0"*    o^ 
O-^     ooo    l-ICO    r-l,_| 

rH  r-l  "^  -W-IJ 


rH  <«■ 


OOO  o 
oo  rHlO 

$40.60 

33 

1.5 

$0.67 

d"^         t-^ 

in          <«- 

■69- 

in  o  m  CO 

J-l'^         rH 
«0- 


$50.00 

200 

10 

$5.00 

$40.60 

33 

1.5 

$0.67 

o  o  coo 

ON       o 

O  05  rH  OJ 

CO  N      in 

rH  «9- 


u 


P5 


rH  "^ 


O 
rH 


o  o  CO  -^ 

O  N  CO  C4 

•  CO      _• 

rH  -W- 


rH  "^ 

•69- 


o 

U2   ^     O 

u 

O 

o 

p5  a  o. 

55 

.  '^    o 

*-* 

CO       -r 
w   CO  i2 

^ 

O 

» 

«     CO     o 

o   «   5 

O       O     r5 

w 

S.2  '^ 

^  ^- 

i5 

>en-heart 
onverter 
rocess. 

JH.    o     O. 

to 

o 

-d  w  .^ 

.2 

"3       :2 

ii  c 

rt         o 

rt  o 

«    CO     2 

bo 

rt 

pa 

S.W 

'^  <-" 


c 

O 


bo 


Ph 


^       Ph 


J3 

bo 

3 
c 


C  to 

o  c 

as 

o 

o  a 

o    --« 

•^    "^    ^ 

oT  m"  ^ 

,y  nj    »-■    to 
U>>    4J    O 


to 

C   to 

°  S 
0,3 

o 

<=>  ft— 
o      ^ 

^vta  to 

-  c^»  y  3 

CO 


u5  o  10  in 
rH  in  -•  <3> 

r-;"^rH- 
r-f  -69- 

•69- 


«9- 


C   to 

o  c 

0,3 

o 

O.  (M    U   3 


«  bo      ^ 
.iri'C  I-  to 

53  P^^PhU 


CJ 


V.    3  *J 


"O 


W 


C     lU  bo  ~ 
»r  Ph;>P^U 


p  to 

o  "^ 

^  3*5 

°  H 

to  ftg 

bo  ^  S 

rt  <^»  <u  3 

tj  to 

e  1-  3  +j 

•  w         j- 

4J   rt  O-jS    W 

-«  PhI^P^U 


T3 
C   to 

§"? 
O  S 
P.3 

O 

o  o. 

O        'u 

o     -  (U 

-■O  to 

<N   (U   3 


r-  r^     CJ 

CJJ  4>_U)          ^ 

O  .^^-4;    •-'    to 

h  Ph;>PhU 


eotooo 

C*  O  OS 

•-'  "-I  kJ 
<=*      ^ 


$80.00 

20 

1 

$0.80 

$40.60 
38 

$0.77 

2378 
119 

$20.12 

OO-a  ^ 
§           d 

$40.60 

35 

2 

$0.71 

2295 
115 

$19.37 

$50.00 

40 

2 

$1.00 

$40.60 

33 

1.5 

$0.67 

2123 

106 

$13.93 

$50.00 

20 

1 

$0.50 

$40.60 
29 

$0.59 

2089 

104 

$15.48 

$50.00 

40 

2 

$1.00 

$40.60 

33 

1.5 

$0.67 

2123 
106 

$14.87 

$50.00 

20 

1 

$0.50 

$40.60 
29 

$0.59 

2089 

104 

$15.64 

Ph 


T3 
C 
3 
o 
ft. 


13  to 
<u  3    • 
to       ■«-» 

.   ^co 

■S  .£?     rt 

Eai    U   4-. 
r-     ^P^H 

rt 
o 


RFJ'IFir  OF  Tlin  ENGINEERING  PRESS. 


829 


*^Co5  noifo  at  Oi 


O.-i      •    r-*  (O  <-<  'O  r-i 
♦J  —  —     00  OS  rH  C>J  ■«»< 

O   4;   rt    00  t-  t--  «5  »« 


J5  I- 


4J  J3 

>  >  I« 

,    O    •*  t-t 

o  U  o 


o  in  CO  en 


o  lO  00  CO 
to  oi    "^  t^ 


■o  o 

10  00    OS  O* 

irico   oi  «^ 
00  (/> 


CO  >o  CO  in 
in  00 


o  o  00  00 


rH  in    o>  -^it 


irj  CO    rH  ^ 
10  00     r-n'  ^ 


h      -M 


O 


o 
U 


00 

(/3  (/> 


CO  -* 


ira  o 

CO  ■* 


«C  OS 
M  CO 


m  00 


CO  CO 


CO  CO 


^ 


4;      (/) 
In    O 

o 

u 


to   ^^     . 

■.«  in  =^ 


<^-.  eoM 


J2    to  t-; 
^   MM 


CI    (M  O 

<«-   CO  <w 


co   to  •* 
to  in  o 

th'    O  M 
</^    CO  CO 


tO    O  OS 
««-  <M  CO 


.    OS  o 
<^  (N  CO 


J2       -a 


-a  a 


3 
60 


o    0 
c 

O  be  in 
•^  C  ^ 
tj    •-     trj 

2  rt  -5 


"i    in     oj 

CO    "^ 


(U 


rt 


g    o    is 

s  i  i 


in  C  -2 

o  It;  <" 

.  o 

*»  to 

c4  U  U 

■«-(  lu  •*-* 

(LI  in  C 

bo  «) 

•^  ^  .^" 


o    c    y    i« 

3     C  ^ 


.S     M 


>  5  "  — 


CO    — • 

CO  n: 

in 
be   <u 

C 


'^   5   c   S 

u   *+^   •"    tl 


>  5 
o  2 


?  « 


y    o 
>  «« 

C 

o   c 


u    i-         j:: 


-^  y 


<N     ^ 


bo   rt 


y    rt 

y      r; 

?    *^ 


2  J= 

■^  y 

§  s 

be  ^ 
C 

U  o 

.  r  '=^ 

^  i>  ^ 

r  >  :^ 

rt    S  ? 

y    o  "^ 

"V  in 


^     3 
.S    bo 


I-,    bo 

y    c 
C  • - 
in 
m    tfl  "^ 


bo 

y    o    c 

P.  r  '-n 


y 
y    ^ 


C   in 
to     f^ 


y  ^ 


y    ^     - 


g    y  "5 


y     y 
J3   "^ 


£  .S2 


•"    y 


c    o    Ji 


_^  -^   2   a_c 


I-    ^    y 


y     y 

.y  ^  -• 

u     o     « 


0.-C    ^    - 


°  :s  y= 


y    y  y 

JS    J3    VM    jr 

H  H  O  H 


y  .- 


•    »~    «»  « 


individual  case.  The  item  of  heads, 
gates,  etc.,  will  depend  largely  on  the 
class  of  work;  33  per  cent  has  been 
adopted  for  all  processes  tc  make  this 
item  comparative.  The  item  of  de- 
fective castings  chargeable  against  the 
furnace,  as  distinguished  from  those 
chargeable  to  bad  molding,  which  are 
included  in  the  item  of  heads,  gates, 
etc.,  will  also  vary  greatly  in  different 
places,  and  it  is  probably  impossible  to 
estimate  an  average  figure  either  for 
the  percentage  made  or  for  the  price. 

The  cost  of  steel  making  by  the  acid 
open-hearth  process  is  shown  in  col- 
umn A,  The  charge  of  $5.50  for  oper- 
ating costs  per  ton  is  for  a  25-ton 
furnace  operating  at  maximum  capacity. 
There  is  no  doubt  that  in  some  practice 
better  results  are  obtained,  and  this 
figure  can  hardly  be  accepted  as  a 
minimum.  Neither  can  $8.85,  the  charge 
for  small  furnaces  and  furnaces 
worked  at  low  capacity,  be  taken  as  a 
maximum.  The  cost  of  operating  some 
furnaces  is  undoubtedly  higher. 

In  column  B  is  shown  the  cost  of  thf 
basic  open-hearth  process.  For  several 
reasons  the  difference  in  cost  betweer 
the  acid  and  basic  open-hearth  pro- 
cesses is  less  in  this  example  than  will 
ordinarily  be  found  in  practice.  Chief 
among  them  is  the  fact  that  the  basic 
open-hearth  process  is  here  under  the 
disadvantage  of  having  to  use  33  per 
cent  of  its  own  heads  and  gates,  which 
command  a  higher  price  in  the  market 
than  scrap  suitable  for  the  basic  pro- 
cess. This  condition  explains  the  com- 
mon practice  of  operating  both  a  basic 
and  an  acid  furnace  in  the  same  plant, 
the  economy  of  which  is  shown  in  col- 
umns Q  and  C.  The  acid  furnace  uses 
the  scrap  from  both  furnaces  at  a  fa- 
vorable figure,  thus  allowing  a  larger 
proportion  of  cheaper  basic  scrap  to  be 
purchased  outside. 

The  cost  of  converter  practice  is 
shown  in  column  D.  The  operating 
cost  of  $3.50  per  ton  applies  to  the 
making  of  150  tons  of  castings  per  week 
in  one  converter.  The  second  figure  of 
$5.50  per  ton  would  apply  under  excep- 
tionally uneconomical  conditions  of 
operation.     In   column    E   's   given   the 
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cost  of  steel  making  in  the  converter, 
with  a  loss  of  19  per  cent  instead  of  15 
per  cent.  The  latter  is  rather  a  low 
figure.  It  will  be  observed  that  the 
converter  process  cannot  compete  on 
even  terms  with  either  of  the  open- 
hearth  processes.  Its  special  field  is  the 
production  of  small  castings,  in  which, 
on  account  of  the  large  percentage  of 
defective  castings  made,  the  open- 
hearth  processes  are  less  economical. 
In  columns  F,  G^  and  G2  are  shown  the 
costs  of  producing  small  castings  by  the 
acid  and  basic  open-hearth  processes. 

Wherever  the  elec<-ric  steel-making 
process  has  been  introduced,  with  one 
or  two  exceptions,  it  has  supplanted  the 
crucible  process,  the  cost  of  which  is 
shown  in  columns  H^  and  H2,  the  former 
showing  the  cost  when  melting  wrought 
iron,  and  the  latter  the  cost  when  melt- 
ing low-phosphorus  steel  scrap.  An  im- 
portant consideration  in  the  substitu- 
tion of  the  electric  for  ■  the  crucible 
process  is  that  the  cost  of  the  installa- 
tion for  the  former  is  at  least  ten  times 
as  great  as  that  for  the  latter.  The 
electric  process  has,  however,  two  great 


advantages.  It  can  use  the  cheapest 
form  of  steel  scrap  available  in  the 
market;  and  it  can  turn  out  the  highest 
grade  of  steel  made.  The  cost  of  the 
electric  process  is  shown  in  column  I 
for  five  different  rates  for  electric 
energy,  the  largest  item  of  cost. 

'Tt  is  evident  that  the  electric  pro- 
cess can  hardly  hope  to  compete  in  cost 
of  production  with  any  of  the  prevail- 
ing processes  except  the  crucible  pro- 
cess, and  then  usually  only  when  electric 
power  is  available  at  3  cents  per  kilo- 
watt-hour or  less.  It  may  well  be,  how- 
ever, that  recent  developments  in  the 
electric  process  will  bring  its  cost  down 
to  the  point  where  the  converter  pro- 
cess will  be  superseded  to  some  extent, 
especially  in  view  of  the  very  high 
quality  of  electric  steel.  This  question, 
however,  is  not  to  be  taken  in  any  sense 
as  a  prophecy.  The  cost  of  the  electric 
process  available  only  for  large  tonnages 
of  castings  is  materially  lower  than  that 
given  above,  but  the  cost  of  installation 
of  this  type  of  electric  furnace  is  so 
large  that  many  immediate  replace- 
ments are  not  probable." 


CARBON  JVIONOXIDE  AS  A  CASE-HARDENING  AGENT. 

RESULTS  OF  RESEARCHES   UNDERTAKEN  TO   DEMONSTRATE   THE   CASE-HARDENING 

EFFECT    OF    CARBON    MONOXIDE. 

M.  G.  Charpy — Revue  de  Metallurgie. 


DISCUSSION  of  the  case-hardening 
effect  of  carbon  monoxide,  during 
the  last  half-century,  has  attained 
at  times  almost  to  the  dignity  of  a  con- 
troversy. The  effect  was  first  noted  by 
Margueritte  in  1864,  to  be  denied  and  re- 
affirmed by  a  succession  of  subsequent 
experimenters.  M.  G.  Charpy  contributes 
to  the  Revue  de  Metallurgie  for  May 
an  account  of  the  controversy,  with  the 
results  of  some  experiments  of  his  own 
which  definitely  establish  the  fact  that 
carbon  monoxide  has  a  well-defined  case- 
hardening  effect  on  steel.  These  tests 
are  outlined  in  the  following  brief  ex- 
tracts from  M.  Charpy's  paper. 

The  experiments  consisted  in  heating 
iron  at  different  temperatures  m  a  cur- 
rent of  pure  carbon  monoxide.  The 
metal,  usually  in  the  form  of  wire  0.3  to 
0.5  millimetres  in  diameter  or  fine  iron 


filings,  was  placed  in  magnesia  holders 
in  porcelain  tubes  heated  by  a  platinum- 
resistance  electric  furnace,  supplied  with 
electrical  energy  by  a  battery  of  ac- 
cumulators. The  temperature  was  meas- 
ured and  regulated  by  means  of  a  Le 
Chatelier  pyrometer.  The  carbon  mon- 
oxide employed  was  prepared  by  the 
action  of  sulphuric  acid  on  ferrocyanide 
of  potassium  and  then  absorbed  by  a 
solution  of  copper  chloride.  The  gas 
was  driven  out  of  the  solution  by  heat 
into  large  gasometers.  Before  being  ap- 
plied to  the  iron,  the  gas  was  passed 
through  a  tube  heated  by  an  electric 
furnace  and  containing  copper  filings,  to 
remove  the  last  traces  of  oxygen ;  it  was 
also  passed  through  tubes  containing 
silver  nitrate  and  soda  lime.  After  leav- 
ing the  tube  containing  the  metal,  the 
gas  was  once  more  passed  through  a  tube 
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containing  soda  lime,  the  variation  in 
weight  of  which  was  noted  for  each  test; 
the  gas  was  then  led  to  containers  for 
further  use. 

In  each  test  was  determined  the  weight 
of  carbon  dioxide  formed,  the  increase 
in  weight  of  the  metal,  and  the  carbon 
absorbed  by  the  metal,  the  latter  deter- 
mination being  made  by  heating  the 
metal  in  the  presence  of  oxygen  and  de- 
ducting from  the  total  amount  of  carbon 
found  the  amount  originally  in  the  iron. 
These  three  methods  of  determining  the 
amount  of  carbon  absorbed  gave  in  each 
case  approximately  the  same  result.  The 
table  gives  under  "carbon  absorbed"  the 
average  of  the  three  results. 

Further  experiments  were  made  on  a 
mild  steel  tube  10  millimetres  in  dia- 
meter. After  60  hours  of  heating  in  a 
slow  current  of  carbon  monoxide,  sam- 
ples for  analysis  were  turned  off  in  a 
lathe.  The  mean  carbon  content  of  the 
outside  layer,  one  millimetre  in  thick- 
ness, was  found  to  be  0.63  per  cent, 
while  that  of  the  metal  beneath  this 
layer  was  found  to  be  0.5  per  cent.  An- 
other test  under  similar  conditions  but 
without  circulation  of  the  gas  gave  a 
mean  carbon  content  of  the  outside  milli- 
metre of  0.2  per  cent,  and  of  the  second 
millimetre  of  0.15  per  cent,  the  initial 
percentage  of  carbon  being  0.12. 


Table  Showing  Amount  of  Carbon  Absorbed  iy 
Steel    from    CO    at    Various    Temperatures. 


Temperature, 

Ti 

.me  of  test, 

Carbon  abs* 

Degrees  C. 

Metal. 

hours. 

grams, 

560 

B 

8 

0.09 

600 

A 

8 

0.20 

715 

A 

8 

0.27 

825 

B 

3 

0.58 

900 

C 

2 

0.62 

900 

C 

3 

0.52 

925 

B 

3 

0.71 

925 

C 

5 

0.63 

935 

B 

2 

0.43 

1,000 

C 

2 

0.48 

1,000 

C 

3 

0.57 

1,025 

A 

2.5 

0.59 

1,050 

B 

2 

0.46 

1,085 

B 

2 

0.55 

1,125 

B 

2 

0.48 

1,175 

B 

2 

0.49 

1,185 

B 

2 

0.51 

1,190 

B 

2 

0.33 

A.  Piano   wire   with   0.04   per  cent  carbon. 

B.  Open-hearth  mild-steel  wire,  carbon  0.09  per 
cent,  manganese,  0.25  per  cent,  phosphorus,  0.015 
per  cent,   sulphur,   0.1   per  cent,   and   silicon,   trace. 

C.  Fine  mild  steel  filings,  "carbon,  0.07  per  cent, 
manganese,  0.3  per  cent,  phosphorus,  0.02  per 
cent,   and  sulphur  0.015   per  cent. 


It  is  interesting  to  note  that  a  series 
of  comparative  tests  on  the  case-harden- 
ing power  of  various  gases,  the  results 
of  which  were  communicated  by  J.  C. 
Olsen  and  John  S.  Weiffenback  at  the 
recent  Brooklyn  meeting  of  the  Amer- 
ican Institute  of  Chemical  Engineers, 
have  shown  that  the  case-hardening  ef- 
fect of  carbon  monoxide  is  greater  than 
that  of  acetylene  or  methane.  M.  Charpy 
mentions  that  the  carbon  monoxide  pro- 
cess has  been  applied  to  commercial  case- 
hardening,  and  that  a  patent  covering  it 
has  recently  been  taken  out  in  France. 


THE   ILLUMINATION   OF    STREETS. 

A    COMPARATIVE    STUDY    OP     THE    VARIOUS    SYSTEMS    OF    EXTERIOR    ELECTRICAL 

ILLUMINATION. 


C.  E.  Stephens — The  Electric  Journal. 


THE  general  problem  of  efficiency 
in  illumination,  and  the  efficiency 
of  modern  light  sources  for  in- 
terior lighting,  particularly  of  industrial 
and  manufacturing  buildings,  have  been 
discussed  at  length  in  the  two  preceding 
numbers  of  The  Engineering  Maga- 
zine. We  return  to  the  subject  of 
illumination  to  present  a  brief  review  of 
an  interesting  comparative  study  of  the 
various  systems  of  exterior  electric  light- 
ing, contributed  by  Mr.  C.  E.  Stephens 
to  The  Electric  Journal  for  June. 

The  problem  in  street  lighting  is  to 
produce  a  uniform  illumination  of  low 
intensity.    To  attain  this  result  the  light 


flux  must  be  distributed  in  a  particular 
manner.  When  the  height  of  the  lamp 
and  the  distance  between  lamps  is  con- 
sidered, that  source  of  light  is  preferred 
which  gives  most  of  the  light  flux  be- 
tween the  horizontal  and  25  degrees  be- 
low the  horizontal.  For  the  sake  of 
economy  it  is,  of  course,  desirable  to 
select  a  lamp  whose  initial  distribution 
of  light  flux  is  as  near  the  desired  value 
as  possible,  that  the  use  of  reflectors  may 
be  avoided. 

A  correct  theoretical  arrangement  of 
light  sources  to  produce  uniform  illum- 
ination does  not  necessarily  mean  a  sat- 
isfactory illumination.    The  results  must 
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be  judged  in  all  cases  by  the  effects 
produced.  The  light  sources  must  be 
so  arranged  that  the  eye  of  the  observer 
will  not  be  exposed  to  their  direct  rays. 
Theoretically,  therefore,  more  satisfac- 
tory street  illumination  can  be  obtained 
by  decreasing  the  brilliancy  of  the  light 
unit  and  placing  it  as  high  as  practicable. 
Decreasing  the  brilliancy  of  light  units 
ordinarily  means  that  a  greater  number 
of  lamps  must  be  used.  By  spacing  small 
candle  power  lamps  near  together,  more 
uniform  distribution  of  light  can  be  ob- 
tained; the  cost  of  installation  and  main- 
tenance, however,  detei  mines  to  a  large 
extent  the  size  of  the  illuminating  unit. 

"A  source  of  light  giving  an  ideal  dis- 
tribution for  street  illumination  is  one 
producing  no  light  in  the  upper  hemis- 
phere, whose  maximum  candle  power  is 
as  an  angle  approximately  15  degrees  be- 
low the  horizontal  and  whose  minimum 
candle  power  in  the  lower  hemisphere  is 
directly  beneath  the  lamp.  Such  a  dis- 
tribution makes  it  possible  to  hang  the 
lamp  high,  raising  the  arc  above  the  di- 
rect line  of  vision,  thus  eliminating  the 
glare  in  the  eyes  of  people  on  the  street, 
and  at  the  same  time  maintaining  a  more 
nearly  uniform  illumination  of  the 
street.  Furthermore,  in  hanging  the 
lamp  high,  the  shadows  of  objects  along 
the  street  are  shortened,  the  illumination 
directly  under  the  lamp  is  reduced  ap- 
preciably and  the  eye  fatigue  eliminated 
in  that  it  then  becomes  unnecessary  for 
the  eye  to  adjust  itself  for  the  alternate 
bright  and  dark  spots." 

In  present  practice  the  comparison  of 
light  sources  is  based  on  the  candle 
power  and  the  curve  of  light  distribu- 
tion. "The  typical  shape  of  the  light- 
distribution  curve  for  a  direct-current 
open  arc  shows  that  the  maximum  light 
is  radiated  at  an  angle  of  approximately 
45  degrees  below  the  horizontal.  The 
light  is  emitted  from  the  incandescent 
crater  of  the  positive  carbon,  which  ac- 
counts for  the  direction  of  the  maximum 
candle  power.  Very  little  light  is 
emitted  from  the  short  non-luminous 
arc,  and  the  light  intensity  near  the  hori- 
zontal is  comparatively  small.  The  use  of 
this  type  of  lamp  for  street  service  is 
very  objectionable  on  account  of  the  fact 
that  it  is  almost  impossible  to  approach  a 


uniform  illumination  of  the  street.  It 
produces  a  very  disagreeable  and  danc- 
ing shadow  immediately  under  the  lamp, 
and  an  intensely  illuminated  area  a 
short  distance  from  the  lamp,  beyond 
which  point  there  is  comparatively  no 
light. 

"The  light-distribution  curve  of  an 
alternating-current  open  arc  is  approxi- 
mately the  same  above  and  below  the 
horizontal.  The  light  radiated  above  the 
horizontal  is  useless  for  all  practical 
purposes  unless  suitable  reflectors  are 
used  to  deflect  it  downwards.  It  is  not 
practicable  to  design  a  reflector  which 
will  operate  at  a  maximum  efficiency 
with  all  positions  of  the  arc  throughout 
the  life  of  a  pair  of  carbons.  Further- 
more, there  is  always  a  loss  in  the  re- 
flection depending  upon  the  material 
used  for  the  reflector.  It  is  apparent 
that  the  alternating-current  open  arc 
for  a  street  illuminant  is  inferior  to  the 
direct-current  open  arc. 

"The  development  of  the  enclosed 
carbon  arc  resulted  in  a  great  operating 
economy,  since  the  life  of  the  carbon 
and  the  saving  of  labor  in  trimming  and 
caring  for  the  lamps  was  greatly  in- 
creased. On  account  of  the  fact  that 
in  an  enclosed  arc  the  ends  of  the  car- 
bons are  flat  and  have  a  comparatively 
large  area,  the  crater  can  only  occupy  a 
small  portion  of  this  area  at  a  particular 
instant.  The  distribution  curve  is  con- 
sequently very  irregular,  since  the 
amount  of  light  in  a  given  direction 
varies  with  the  position  of  the  crater  on 
the  end  of  the  carbon.  In  general,  the 
effect  of  this  v/andering  arc  can  be 
eliminated  to  a  great  extent  by  the  use 
of  an  opal  enclosing  globe  which  not 
only  steadies  the  illumination,  but  de- 
creases the  intrinsic  brilliancy  of  the 
arc.  The  development  of  the  enclosed 
carbon  arc  was  a  decided  advance  re- 
gardless of  the  fact  that  the  efficiency 
of  the  lamp  as  a  light  producer  was 
considerably  reduced.  The  energy  con- 
sumption is  the  same  as  for  the  open 
arc,  the  total  light  flux  is  somewhat  less, 
but  the  curve  of  light  distribution  is 
considerably  superior  to  that  of  the  open 
carbon  arc. 

"During  the  last  few  years  we  have 
been  going  back  to  the  open-arc  prin- 
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ciplc  to  a  very  marked  degree.  Arc 
lamps  have  been  developed  which  use 
the  so-called  flame  carbon.  Lamps  of 
this  type  produce  large  quantities  of 
fumes  and  smoke,  to  dispose  of  w^hich 
necessitates  an  open-burning  condition. 
The  maximum  light  intensity  is  emitted 
directly  under  the  lamp,  and  it  is  quite 
impossible  to  produce  a  uniform  illum- 
ination over  a  large  area.  Furthermore, 
ov/ing  to  the  short  life  of  the  carbons, 
the  care  and  attention  required  is  very 
large  and  the  consequent  high  mainte- 
nance cost  prohibits  its  use  as  a  street 
lamp. 

"More  recently  there  has  been  devel- 
oped a  type  of  arc  lamp  w^hich  consumes 
metallic  electrodes.  This  lamp  is  of  the 
flame  type  in  that  it  has  an  open-burning 
condition  and  the  light  emitted  comes 
almost  entirely  from  the  luminous  flame. 
The  color  of  the  light  is  almost  pure 
white,  which  has  been  found  to  be  the 
ideal  light  for  such  low  illumination  in- 
tensities as  are  found  in  average  street 
lighting.  Since  the  larger  portion  of 
the  light  comes  from  the  flame,  it  is 
radiated  near  the  horizontal,  very  little 
above  the  horizontal,  and  has  a  com- 
paratively low  value  immediately  under 
the  lamp.  The  maintenance  cost  of  this 
lamp  compares  very  favorably  with  that 
of  the  enclosed  carbon  arc,  and  alto- 
gether it  is  the  most  important  develop- 
ment resulting  from  experiments  having 
as  their  object  an  arc  lamp  of  high  effi- 
ciency with  an  almost  ideal  curve  of 
light  distribution  for  street  illumination. 

"Incandescent  series  lamps  can  be 
used  very  successfully  in  cases  where 
the  results  obtained  are  to  be  at  a  mini- 
mum expense,  and  where  the  conditions 
will  not  permit  the  use  of  high  candle- 
power  units  of  the  arc  type.  The  ser- 
vice requirements  of  a  series  system  of 
incandescent  street  lamps  are  an  effi- 
cient series  lamp,  an  efficient  and  satis- 
factory device  for  automatically  regu- 
lating the  current,  and  some  automatic 
device  for  cutting  out  a  lamp  when  the 
filament  breaks. 

"The  recently  developed  tungsten  in- 
candesceni  series  lamps  are  a  great 
improvement  over  the  low-efficiency 
carbon-filament  lamps.  The  lamps  are 
furnished  in  various  candle  powers  from 


25  to  80  and  give  an  average  life  of 
from  1,200  to  1,800  hours  in  commercial 
service.  They  show  but  little  reduction 
of  candle  power  during  their  normal 
life,  the  quality  of  the  light  remaining 
excellent,  and  the  filament  does  not  be- 
come yellow.  There  are  in  general  use 
today  two  systems  of  series  tungsten 
lighting,  the  choice  of  which  depends 
on  the  local  conditions  and  to  some  ex- 
tent upon  the  number  of  lamps  to  be 
installed.  These  are  known  as  the  'ad- 
juster socket'  and  'regulator'  systems. 

"The  adjuster  socket  system  consists 
of  a  series  of  lamps  connected  across 
the  high  tension  alternating-current 
mains  with  an  impedance  coil  connected 
In  shunt  to  each  lamp  for  maintaining 
the  continuity  of  the  current  when  a 
lamp  burns  out.  The  ampere  capacity 
of  all  the  lamps  in  one  series  must  be 
the  same  and  the  sum  of  the  voltages 
of  the  lamps  must  equal  the  voltage  of 
the  circuit  to  which  they  are  connected. 
The  regulator  system  differs  from  the 
adjuster  socket  system  in  that  the  series 
of  lamps  is  controlled  by  a  constant- 
current  regulating  transformer  which 
automatically  controls  the  current  of  the 
circuit.  With  this  system  each  lamp  is 
furnished  with  a  socket,  the  clips  of 
which  are  insulated  with  a  suitable  in- 
sulating film,  which  will  withstand  the 
voltage  of  the  lamp.  When  the  lamp 
filament  breaks  the  full  voltage  of  the 
regulator  is  impressed  on  the  insulating 
film  which  is  punctured,  thus  short  cir- 
cuiting the  lamp  and  closing  the  circuit 
again. 

"In  this  connection  it  might  be  well  to 
mention  that  considerable  improvement 
has  been  made  in  the  reflectors  used  with 
series  incandescent  lamps  by  which  the 
effective  illumination  has  been  materially 
improved.  The  series  incandescent  lamp 
does  not  come  into  competition  with  the 
arc  light  which  is  required  for  different 
conditions  of  service.  Its  field  of  appli- 
cation is  in  outlying  districts,  parks, 
densely  shaded  areas,  etc.  It  is  in  direct 
competition  with  gas  lamps,  and  it  has 
been  thoroughly  demonstrated  that  it  is 
far  superior  on  the  basis  of  cost  for 
equivalent  illumination,  efficiency  of 
light  distribution  and  ease  01  installation 
and  maintenance." 


FUEL   FROM   PEAT. 

A     PROCESS     FOR     CONVERTING     PEAT     INTO     FUEL     WITHOUT     AIR     DRYING. 

Dr.  Martin  Ekenberg — Iron  and  Steel  Institute. 


IN  the  September,  1908,  number  of 
The  Engineering  Magazine  we 
referred  briefly  in  these  columns  to 
a  new  process  for  the  conversion  of 
raw  peat  into  fuel,  invented  by  Dr. 
Martin  Ekenberg.  The  treatment  de- 
scribed was  based  on  the  discovery  that 
after  heating  the  peat  in  the  presence 
of  water  to  a  temperature  of  at  least 
150  degrees  C,  about  90  per  cent  of  the 
contained  water,  which  under  ordinary 
conditions  resists  separation  by  me- 
chanical means,  can  be  removed  by  very 
moderate  pressure.  A  water-free  fuel 
can  then  be  obtained  by  the  application 
of  a  small  amount  of  artificial  heat. 
Dr.  Ekenberg  has  recently  given  before 
the  Iron  and  Steel  Institute  an  ex- 
planation of  the  changes  produced  in 
the  peat  by  "wet  carbonising,"  and  an 
account  of  the  extended  researches  he 
has  made  in  applying  his  discovery  to  a 
commercial  process.  We  take  a  few  ad- 
ditional data  from  his  paper,  which  is 
published  in  full  in  the  Iron  and  Coal 
Trades  Review  for  May  14. 

Dr.  Ekenberg's  experiments  led  to  the 
discovery  that  the  water  fails  to  sepa- 
rate under  pressure  because  of  the  pres- 
ence in  mature  peat  of  0.2  to  1.2  per 
cent  of  a  slimy  hydrocellulose,  produced 
by  long  contact  with  water  of  the  cellu- 
lose in  the  residues  of  the  decaying 
plants  of  which  mature  peat  consists. 
The  greater  the  percentage  present,  the 
more  difficult  it  becomes  to  separate  the 
water.  The  hydrocellulose  is  enormously 
swollen,  having  taken  up  water  and 
formed  a  jelly  of  the  consistency  of 
soft  soap.  A  pulp  from  mature  peait 
behaves  exactly  as  a  jelly  when  sub- 
jected to  pressure;  it  will,  for  instance, 
pass  unchanged  through  the  meshes  of 
ordinary  canvas  with  holes  of  about  one 
square  millimetre.  If,  however,  the 
hydrocellulose  be  extracted  or  destroyed, 
the  bulk  of  the  water  in  the  peat  pulp 
can  easily  be  separated  from  the  plant 
residues  by  very  moderate  pressure.  It 
was  found  that  the  hydrocellulose  read- 
ily forms  dextrose  and  is  destroyed  by 

834 


heating  in  the  presence  of  water  to  tem- 
peratures above  150  degrees  C.  After 
this  discovery  there  was  little  difficulty 
in  devising  a  treatment  by  which  the 
separation  of  water  could  be  technically 
efifected. 

In  contradistinction  to  the  process  of 
ordinary  dry  charring  in  retorts.  Dr. 
Ekenberg  describes  his  process  as  one 
of  "wet  carbonisation";  the  heating  me- 
dium is  superheated  liquid  water,  and 
the  percentage  of  carbon  in  the  peat 
gradually  increases  with  rise  in  tem- 
perature, owing  to  the  combination  of 
some  of  the  oxygen  and  hydrogen  in  the  _ 
peat  to  form  water.  The  factors  influ-  '^ 
encing  the  various  stages  of  the  process 
he  discusses  in  detail  and  presents  many  m 
experimental  data  to  support  his  con-  ^ 
elusions.  "The  results  obtained  from 
the  researches  and  experiments  show 
beyond  doubt  that  by  previously  heating 
the  peat  to  a  certain  temperature  the 
bulk  of  the  water  can  be  mechanically 
expelled  at  low  pressure.  Moreover, 
they  show  that  this  treatment  equalizes 
the  different  kinds  of  peat,  converting 
all  peat,  young  and  mature,  into  a  pro- 
duct of  uniform  properties  and  fuel  value. 
As  a  basis  for  a  commercial  process,  this 
treatment  has  the  advantage  of  not  re- 
quiring outside  raw  materials.  The  heat 
and  power  required  can  be  produced  by 
a  part  of  the  peat  itself  making  manu- 
facture independent  of  weather  and  sea- 
son. The  carbonisation  is  instantaneous, 
and  the  time  required  for  making  fuel 
from  the  raw  peat  is  only  that  required 
for  heating,  cooling  and  pressing.  The 
pressing  can  be  done  within  a  minute, 
and  the  heating  and  cooling  ought  not  to 
require  more  time  than  the  heating  and 
cooling  of  water,  provided  an  efficient 
apparatus  is  used.  Air  drying  occupies 
one  to  three  months.  With  suitable  me- 
chanical arrangements  the  wet-carbonis- 
ing process  ought  not  to  take  more  than 
thirty  minutes  in  all. 

"How  much  heat  and  power,  respect- 
ively, will  the  process  require?  To  heat 
the  peat  up  to,  say,  200  degrees  C,  no 
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more  than  200  calories  per  kilogramme 
need  be  used.  The  specific  heat  of  the 
peat  pulp  is  0.92  or,  say,  I.  As  free  or 
sensible  heat  can  be  regenerated,  the  net 
cost  of  the  heating  ought  only  to  be  a 
part  of  the  200  calories  required  to  reach 
the  desired  carbonising  temperature. 
The  heated  pulp  can  be  cooled  by  the 
raw  pulp  awaiting  its  turn  to  be  heated, 
and  thus  great  saving  of  heat  obtained." 
Large-scale  experiments  conducted  by 
Dr.  Ekenberg  have  demonstrated  the 
possibility  of  regenerating  as  much  as 
65  per  cent  of  the  heat  applied. 

Assuming  the  calorific  value  of  ma- 
ture fuel  peat  as  5,600  calories  per  kilo- 
gramme, the  heat  balance  of  the  wet- 
carbonising  process  shows  that  about 
14.3  per  cent  of  the  peat  in  the  pulp  has 
to  be  sacrificed  in  the  wet-carbonising 
oven.  The  cost  of  the  fuel  in  the  pro- 
cess equals  practically  only  the  expense 
of  its  excavation  and  transport  to  the 
factory.  Assuming  that  one-seventh  of 
the  original  water  in  the  peat  is  left  in 
the  press  cakes,  or  i  pound  of  moisture 
for  each  pound  of  peat,  an  additional 
14.3  per  cent  of  the  peat  in  the  pulp  has 
to  be  used  to  produce  an  absolutely 
water-free  fuel.  It  is  possible,  however, 
to  carry  out  the  drying  partly  with 
waste  heat  from  other  parts  of  the  fac- 
tory, the  carbonising  oven  and  the  power 
plant;  in  this  way  25  to  30  per  cent  can 
be  saved.  For  expelling  the  water,  any 
press  capable  of  working  at  50  atmos- 
pheres can  be  used;  with  gasified  fuel 
and  gas  engines  the  power  required  is 
equivalent  to  a  consumption  of  i^  per 
cent  of  the  peat,  all  transformation 
losses  included.  From  the  water-free, 
wet-carbonised  peat  a  compresesd  fuel 
with  a  heating  value  of  about  6,200  calo- 
ries or  11,000  B.  t.  u.  per  pound  can  be 
obtained  in  a  briquetting  plant  such  as 
is  widely  used  in  many  parts  of  Europe 
for  the  manufacture  of  lignite  bri- 
quettes. The  output  of  the  briquetting 
press  commonly  used  is  about  50  tons 
per  twenty-four  hours.  The  cost  of 
power,  heat  and  labor  for  briquetting 
are  well-known  items,  and  when  all  heat 
and  power  required  for  excavation, 
transport,  pulping,  pumping,  carbonising, 
pressing,  final  drying,  and  briquetting 
are  estimated,  the  conclusion  may  be  ar- 


rived at  that  the  total  fuel  consumption 
in  making  briquettes  from  the  wet  car- 
bonised peat  will  equal  37  pf  cent  of 
the  fuel  available  in  the  raw  peat. 
Based  on  a  price  of  £20  per  acre  of  peat 
bog  of  average  depth,  Mr.  C.  Dellwik 
has  given  an  estimate  of  6s.  8d.  as  the 
total  cost  per  ton  of  peat  briquettes. 

Considering  the  high  fuel  consump- 
tion in  the  factory,  the  question  of  the 
possible  recovery  of  by-products  be- 
comes of  importance.  This  also  has 
been  investigated  by  Dr.  Ekenberg. 
The  recovery  of  nitrogen  in  ammonium 
sulphate  from  that  part  of  the  peat 
which  has  to  be  used  as  fuel  in  the 
manufacture  of  wet-carbonised  peat  is 
to  be  looked  upon  as  a  sound  proposal. 
It  considerably  increases  the  percentage 
of  fuel  required,  from  37  to  45  per  cent, 
but  if  an  average  peat  is  worked,  that 
fuel  is  paid  for  by  the  sulphate  pro- 
duced. Peat  always  contains  nitrogen, 
the  percentage  of  which  varies  from  0.6 
to  2.8  per  cent,  the  average  being  i.i  to 
1.5  per  cent.  If  the  cost  of  manufac- 
turing the  briquettes  from  an  average 
fuel  be  computed  upon  the  basis  of  gasi- 
fied fuel  and  ammonia  recovery,  it  will 
be  found  to  be  only  4s.  per  ton. 

The  appearance  of  a  briquette  of  wet- 
carbonised  peat  is  very  similar  to  that 
of  a  lignite  briquette.  It  has  a  glossy 
black  surface  and  is  very  hard.  During 
the  wet-carbonising  process  a  wax  of 
paraffinous  nature  is  liberated,  which 
serves  as  a  binder  for  the  particles.  The 
amount  of  wax  formed  is  about  3  to  4 
per  cent.  For  all  practical  purposes  the 
briquettes  can  be  regarded  as  imper- 
vious to  water.  They  burn  with  a  long 
luminous  flame  and  are  quickly  lighted. 
With  an  ordinary  chimney  draft  they 
burn  without  soot  or  smoke.  The  per- 
centage of  ash  is  about  3.8,  and  of 
moisture  3  to  4.  The  specific  gravity 
of  the  wet  carbonised  peat  briquettes 
varies  from  1.29  to  1.35.  Owing  to  their 
regular  shape  their  volume  weight  is 
much  higher  than  in  the  case  of  coal. 
Bulk  for  bulk,  there  is  no  difference  in 
the  heating  value  of  the  briquettes  and 
ordinary  coal.  Sudden  heating  and 
cooling  do  not  disintegrate  briquettcb  of 
wet-carbonised  peat.  They  can  b** 
burned   under   locomotive   boilers   with- 


836 


THE  ENGINEERING   MAGAZINE. 


out  any  change  being  made  in  the  con- 
struction of  the  fireboxes  or  grates.  In 
a  recent  locomotive  trial  run  at  full 
speed,  wet-carbonized  peat  briquettes 
produced  6.2  pounds  of  steam  at  about 
130  pounds  pressure  per  pound  of  fuel. 
In  the  same  locomotive  ordinary,  coal 
generated  6.y  pounds  of  steam  per  pound 
of  fuel  under  similar  conditions. 

Dr.  Ekenberg  has  made  a  few  ex- 
periments on  the  coking  of  peat.  While 
tests   on   a   commercial    scale   have   not 


been  attempted,  he  has  demonstrated  in 
the  laboratory  that  an  excellent  metal- 
lurgical coke  can  be  made  from  wet- 
carbonised  peat  briquettes.  In  the  manu- 
facture of  illuminating  gas  also,  peat 
briquettes,  on  account  of  their  freedom 
from  sulphur,  will  have  a  wide  appli- 
cation. In  yield  of  gas  2  tons  of  wet- 
carbonised  peat  is  equal  to  3  tons  of 
best  gas  coal,  and  the  by-product  char- 
coal will  fetch  higher  prices  than  the 
ordinary  gas  coke. 


THE  MANUFACTURE  OF  NITRATES  FROM  THE  ATMOSPHERE. 

A   DESCRIPTION   OF   THE   BIRKELAND-EYDE   PROCESS   FOR   THE   FIXATION    OF   ATMOSPHERIC 

NITROGEN. 

Sam  Hyde — Royal  Society  of  Arts. 


WE    have    followed    more    or    less 
closely    in    these    columns    the 
development    of    processes    for 
the    fixation    of    atmospheric    nitrogen. 
The  most  recent,  the   Frank-Caro  pro- 
cess for  the  production  of  calcium  cyani- 
mide,  was  described  at  length  in  August 
of  last  year.    About  three  years  ago  the 
manufacture    of    nitrates    from   the    at- 
mosphere   by    the    process    invented    by 
Birkeland   and   Eyde    was    reviewed    in 
detail.     In  the  six  years  since  the  first 
experiments  on  a  commercial  scale  were 
made,  the  artificial  nitrates  industry  in 
Norway  has  had  a  remarkable  develop- 
ment.    The  apparatus  has  grown  from 
small   furnaces  which  could  be  held  in 
the   hand   and   which   took   only   a   few 
kilowatts  of  electrical  energy,  to  furnaces 
of    1,500    horse    power;    and    from    ab- 
sorption  apparatus   of   glass   of   a   few 
litres  capacity  to  granite  towers  with  a 
capacity  of  600  cubic  metres  each.    The 
power    requirements    of    the    expanding 
plant    have    necessitated    successive    re- 
movals  from   Frognerkilens,   where   the 
first  experiments  were  made  in  1903,  to 
Ankerlokken,  to  Vasmoen,  and  finally  to 
Notodden.    Three  miles  from  the  latter, 
at    Svaelgfos,  the    Norwegian    Nitrogen 
Products     Company     has     erected     the 
largest  hydro-electric  plant  in  Europe,  to 
serve  the  nitrate  factories.    An  authori- 
tative  account   of   the   present   methods 
and  apparatus  used  in  the  manufacture 
of  nitrates  from  the  atmosphere  was  re- 
cently communicated  by  Herr  Sam  Eyde 


to  the  Royal  Society  of  Arts.  We  ab- 
stract the  following  details  from  the 
Journal  of  the  Society  for  May  28. 

The     chief     difference     between     the 
Birkeland-Eyde    process    and    the    pro- 
cesses of  their  predecessors  lay  in  the 
application    of    large    instead    of    small 
quantities  of  energy  in  the  electric  arc. 
With  the  discovery  that  the  old  belief 
that    small    quantities    of    energy    gave 
relatively  the  best  results  was  erroneous, 
the  whole  theory   of  atmospheric  com- 
bustion was  revolutionised;  with  the  de- 
termination  of   the   most   suitable   elec- 
trical conditions  of  application  and  the 
invention  of  a  suitable  type  of  furnace, 
the  synthetical  nitrate  industry  was  cre- 
ated.    The  nitrogen  of  the  air  is  oxi- 
dised in  the  electric  furnace  by  means 
of  an  arc   formed  between  two  water- 
cooled   electrodes,   the   points   of   which 
are    placed    close    to    each    other.      An 
easily  moveable  and  flexible  current  is 
thus  established,  which  is  made  to  pass 
through  a  highly  magnetised  field.     The 
magnetic  field  causes  the  electric  arc  to 
move  with  great  velocity  perpendicularly 
to  the  lines  of  force,  and  the  foot  of  the 
arc  draws  back  from  the  points  of  the 
electrodes.      Increase    in   the   length   of 
the   arc   causes   an   increase   in   the   re-   jl 
sistance    and    in    the    tension,    until    at   ' 
length  the  latter  becomes  so  great  that  a 
new  electric  arc  starts  from  the  points 
of  the  electrodes.     To  regulate  the  cur- 
rent an  inductive  resistance  is  used  in 
series  with  the  flame.    With  alternating 
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current  all  the  arcs  are  formed  in  oppo- 
site directions  and  appear  to  the  eye  to 
be  circular  discs.  These  disc  flames 
burn  with  astonishing  steadiness.  Over 
1,500  horse  power  can  be  applied  to 
electrodes  of  copper  tubing,  1.5  centi- 
metres thick,  for  the  production  of  a 
flame  1.8  metres  in  diameter.  The  flame 
is  produced  in  a  circular  chamber  only 
a  few  centimetres  wide  and  about  2 
metres  in  diameter.  After  the  oxide  of 
nitrogen  is  formed  in  the  furnace,  it  is 
converted  in  the  oxidation  tank  into 
nitrogen  dioxide,  and  in  the  absorption . 
towers  into  nitric  acid. 

The  furnace  house  at  Notodden  is  a 
steel  and  masonry  structure,  with  a  floor 
space  of  about  2,000  square  metres.  In 
the  basement  are  tubes  for  admitting 
the  air  and  others  for  carrying  off  the 
gas.  Of  the  36  furnaces  installed,  32 
receive  their  power  from  Svaelgfos  and 
4  from  the  Tinfos  station.  The  cur- 
rent, which  is  carried  on  18  12-milli- 
metre copper  wires,  passes  through  oil- 
cooled  transformers  immediately  after 
it  enters  the  furnace  house.  For  the 
regulation  of  the  energy  supply  to  the 
furnaces,  each  is  furnished  with  an  in- 
duction coil. 

The  air  is  conveyed  to  the  flame 
through  the  fire-brick  walls  of  the  flame 
chamber.  The  nitrous  gases  formed  in 
the  flame  escape  through  a  channel 
made  along  the  casing  of  the  furnace 
which,  like  the  flame  chamber,  is  lined 
with  fire  brick.  The  furnaces  burn  for 
weeks  with  practically  no  regulation, 
and  the  maintenance  and  repair  charges 
are  very  low.  The  electrodes  have  to  be 
replaced  only  every  third  or  fourth 
week,  and  the  fire-brick  linings  every 
fourth  to  sixth  month.  The  walls  of  the 
furnaces  are  of  cast  steel  and  iron;  the 
middle  is  built  out  into  a  circular  flame 
chamber  into  which  the  electrodes  enter 
radially.  Air  is  drawn  in  through  tubes 
in  the  basement  by  centrifugal  fans. 
The  temperature  of  the  flame  is  from 
3,000  to  3,500  degrees  C,  and  the  tem- 
perature of  the  escaping  gases  800  to 
1,000  degrees  C. 

A  part  of  the  heat  in  the  escaping 
gases  is  recovered  by  passing  the  gases 
under  four  steam  boilers  in  a  separate 
building,     to     which,     after     escaping 


through  the  casing  of  the  furnace,  the 
gases  are  led  through  two  collecting 
pipes  about  2  metres  in  diameter.  As 
will  be  noted  later,  the  steam  produced 
is  used  in  the  further  treatment  of  the 
products.  Part  of  the  remaining  heat 
is  used  for  concentrating  the  products 
and,  in  winter,  for  warming  the  build- 
ings. The  gases  are  finally  cooled  in 
apparatus  consisting  of  a  large  number 
of  aluminium  tubes,  over  which  cold 
water  runs  and  through  which  the  hot 
gases  pass.  From  the  cooling  chambers 
the  gases  are  led  to  the  oxidation  tanks. 

"These  oxidation  tanks  are  vertical 
iron  cylinders,  lined  with  acid  proof 
stone.  The  object  is  to  give  the  cooled 
gases  a  sufficient  period  of  repose,  in 
which  the  oxidation  of  the  oxide  of 
nitrogen  may  have  time  to  take  place. 
The  necessary  amount  of  oxygen  is 
present  in  ample  quantity  in  the  air 
which  accompanies  the  gases  from  the 
furnaces.  From  the  oxidation  tanks,  the 
gases  are  led  into  the  absorption  towers. 
All  the  towers  are  filled  with  broken 
quartz,  which  is  neither  affected  by 
nitrous  gases,  nor  by  nitric  acid.  To 
assist  the  passage  of  the  gases  on  their 
way  from  the  furnaces,  there  are  cen- 
trifugal fans,  constructed  of  aluminium, 
on  each  row  of  towers. 

"The  gases  enter  at  the  base  of  the 
first  tower,  go  up  through  the  quartz 
packing  and  thence  by  a  large  earthen- 
ware pipe  enter  the  top  of  another 
tower,  through  which  they  pass  down- 
wards through  the  quartz  to  the  bottom 
of  the  third  tower,  and  so  on,  until  the 
air,  relieved  of  all  nitrous  gases,  leaves 
the  last  tower.  Water  trickles  through  the 
granite  towers  and  this  is  gradually  con- 
verted into  a  weak  nitric  acid,  while  the 
liquid  used  in  the  wooden  towers  is  a 
solution  of  soda.  The  absorbing  liquid 
enters  the  top  of  the  tower  and  is  dis- 
tributed in  jets  by  a  series  of  earthen- 
ware pipes,  so  that  the  permeating  gases 
come  in  immediate  contact  with  the  ab- 
sorbing liquid.  In  the  granite  towers 
nitric  acid  is  thus  formed,  and  in  the 
wooden  towers  a  solution  of  nitrate  of 
soda. 

"The  liquid  emerges  in  a  constant, 
even  stream  from  the  bottom  of  the 
towers,    that    from    the    granite    towers 
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running  into  a  granite  cistern.  Hence 
it  flows  into  the  'montejus'  which  serve 
to  pump  up  the  acid,  which  has  to  pass 
repeatedly  through  the  tower  before  it 
has  become  strong  enough  for  the  pur- 
pose for  which  it  is  intended.  The 
'montejus'  are  of  stoneware  strength- 
ened with  iron  shields,  are  worked  by 
compressed  air,  and  send  the  acid  up 
into  large  stoneware  jars.  From  these 
jars  the  acid  again  runs  through  the 
towers  as  described.  The  'montejus' 
work  automatically.  The  wooden  tow- 
ers are  percolated,  as  already  mentioned,  . 
by  a  solution  of  soda,  otherwise  the 
whole  process  is  practically  similar  to 
that  in  the  granite  towers.  The  solu- 
tion of  soda,  owing  to  its  far  greater 
power  of  absorption,  effects  the  separa- 
tion of  the  last  remains  of  nitrogenous 
gases  from  the  accompanying  air.  Of 
the  entire  quantity  of  nitrous  gases 
passed  through  the  absorption  system, 
about  97  per  cent  is  absorbed.  The  fin- 
ished nitric  acid  coming  from  the 
towers,  which  has  a  strength  of  about 
30  per  cent  by  volume,  is  collected  in 
granite  cisterns,  from  which  it  is  drawn 
to  what  is  called  the  'dissolution  works.' 
These  consist  of  granite  vats  filled  with 
limestone,  over  which  the  acid  is  poured. 
This  drives  off,  with  violent  efferves- 
cence, the  carbonic  acid  contained  in 
the  limestone,  while  the  nitric  acid  takes 
its  place  and  forms  a  watery  solution  of 
nitrate  of  lime  or  calcium  nitrate.  This 
solution  of  nitrate  of  lime  is  now  pumped 
into  vacuum  evaporating  apparatus. 
The  object  of  boiling  in  vacuum  is  the 
well-known  fact  that  great  saving  is 
thereby  effected  in  the  heat  required. 

"The  steam  required  for  the  evapo- 
risation  is  obtained  from  the  steam 
boilers,  heated,  as  before  mentioned,  by 
furnace  gases.  The  concentration  of 
the  nitrate  solution  in  the  evaporising 
plant  is  continued  until  the  specific 
weight  of  the  liquid  at  a  given  tempera- 
ture shows  a  content  of  13  per  cent  of 
nitrogen.  This  solution  is  then  suffi- 
ciently evaporated,  and  can  be  pumped 
up  into  the  solidification  chambers. 
These  are  fitted  with  shallow  iron  pans, 
under  which  cold  air  is  pumped  to  ac- 
celerate cooling.     After  some  time,  the 


nitrate  stiffens  into  a  brittle,  crystalline 
mass,  hard  as  stone.  This  is  broken  up 
into  lumps,  and  is  taken  into  the  crush- 
ing machines.  These  consist  of  ball 
crushing  mills,  which  reduce  the  mass 
to  a  granular  state.  The  coarse  powder 
so  produced  is  raised  by  elevator  to  a 
vat,  from  the  bottom  of  which  it  i; 
tapped  into  casks  holding  100  kilos  net 
weight. 

"It  now  remains  only  to  mention  the  M 
further  treatment  of  the  nitrite  formed 
in  the  alkaline  towers.  When  this  is 
pumped  away  from  the  towers,  it  con- 
tains, besides  nitrite  and  water,  also  || 
some  nitrate  of  soda,  and  bi-carbonate.  * 
The  further  process  is  designed  to  sepa- 
rate the  pure  nitrite  from  the  other  sub- 
stances. This  is  accomplished  by  first 
boiling  away  some  of  the  water,  which 
is  done,  as  in  the  case  of  the  nitrate 
solution,  by  steam  from  the  steam  boil- 
ers, heated  by  the  furnace  gases.  The 
nitrite  solution,  concentrated  to  a  suit- 
able boiling  state,  is  run  into  crystallisa- 
tion pans,  in  which  the  crystallisation 
of  the  nitrite  takes  place.  The  crystals 
are  separated  by  centrifugal  means  and 
are  conveyed  by  a  screw  transporter  to 
a  drying  apparatus,  where  they  are  sub- 
jected to  a  current  of  hot  air.  The  fin- 
ished product  is  then  run  into  casks 
containing  300  kilos  each.  These  are 
likewise  made  in  our  own  shops.  This 
nitrite  of  soda  is  used  as  the  raw  ma- 
terial in  the  manufacture  of  certain 
kinds  of  aniline  colours.  The  manufac- 
ture of  nitrite  is  carried  on  in  a  sepa- 
rate building. 

"In  the  entire  process  of  manufac- 
ture, both  of  nitrite  and  nitrate,  no  coal 
is  used;  all  the  machinery  is  worked  by 
electric  power,  and,  for  heating  and 
evaporating  the  nitrate  and  nitrite  solu- 
tions, the  only  steam  employed  is  that 
obtained  by  the  hot  gases  passing 
through  a  system  of  steam  boilers. 

"We  are,  moreover,  in  our  industry, 
not  confined  to  the  two  products  hith- 
erto mentioned,  nitrate  of  lime  and  ni- 
trite of  soda.  We  have  possibilities  for 
the  development  of  a  whole  series  of 
new  industries,  of  which  I  will  specially 
name  the  production  of  nitric  acid,  ni- 
trate of  ammonia,  nitrate  of  potassium. 
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and  others.    We  have  succeeded,  in  con-  Herr  Eyde's  paper  is  concluded  with  a 

junction  with  the  Nobel  (nitro-glycerine,  discussion  of  the  highly  satisfactory  re- 

etc.)     Syndicate,    in    concentrating    our  suits  of  the  use  of  nitrate  of  lime  as  ; 

weak  acids,  by  means  of  gases  from  our  fertiliser  in  competition  with  nitrate  of 

furnaces,  to  acids  of  a  high  percentage  soda,    and    a    brief    description    of    the 

which  can  be  transported."  Svajlgfos  power   station. 


ELECTRO-CHEMICAL  PLATE  AMALGAMATION. 

THE    LATEST   APPLICATION    OF    ELECTRICITY   TO   THE    METALLURGY   OF    GOLD. 

Elmer  E.  Carey — The  Mining  Journal. 


THAT  the  application  of  electricity 
has  the  effect  of  hastening  and 
intensifying  the  action  of  mer- 
cury and  cyanide  in  the  metallurgy  of 
gold,  has  long  since  been  demonstrated 
in  the  laboratory.  It  is  only  within  the 
last  ten  years,  however,  that  progress 
has  been  made  in  the  practical  develop- 
ment of  electro-chemical  processes  ap- 
plicable to  this  field.  The  cyanide  pro- 
cess was  the  first  to  receive  attention ; 
electro-cyaniding  has  now  attained  to  a 
position  of  considerable  importance. 
More  recently  electro-chemical  action 
has  been  applied  to  plate  amalgamation, 
according  to  Elmer  E.  Carey,  who  de- 
scribes the  process  in  The  Mining 
Journal  for  June  12,  with  highly  satis- 
factory results. 

"The  electro-chemical  system  of  amal- 
gamation is  designed  to  extract  from 
the  sands  or  pulp  all  gold  values  not 
encased.  It  is  entirely  a  new  system  of 
amalgamation,  designed  to  do  the  work 
of  the  ordinary  mill  plate,  including  the 
treatment  of  slimes,  and,  at  the  same 
time,  to  extract  values  which  cannot  be 
saved  by  the  usual  mill  practice,  and 
which  otherwise  would  require  cyanide 
treatment;  to  do  all  this  in  one  single, 
inexpensive  and  continuous  operation, 
requiring  practically  no  more  outlay  for 
installation  and  maintenance  than  the 
usual  mill  plate.  The  system  also  fur- 
nishes a  method  by  which  the  Alaska 
beach  deposits,  black  sands,  hydraulic, 
placer  and  dredge  tailings,  mill  tailings, 
desert  deposits  and  many  low  grade 
propositions  can  all  be  profitably  worked. 
"It  may  be  sometimes  necessary  to 
grind  ore  or  sands  to  100,  150  or  even 
200  mesh  before  the  values  are  released, 
but  after  this  has  been  done  the  pulp  is 


simply  passed  over  the  amalgamating  de- 
vice, and  the  electro-chemical  forces 
automatically  extract  the  values  to  such 
an  extent  that  usually  no  further  treat- 
ment is  profitable.  In  ordinary  cases 
values  are  recovered  at  80  mesh.  In 
certain  cases  where  the  ore  is  unusually 
refractory,  base  or  complex,  it  may  be 
necessary  to  treat  the  tailings  for  an 
hour  or  two  by  the  continuous  electro- 
cyanide  process,  which  is  an  exceedingly 
simple  and  inexpensive  operation,  but 
withal  very  ef^cient. 

"The  electrolytic  method  of  amalga- 
mating calls  for  a  sluice  box  of  suitable 
width,  the  length  being  40  or  50  feet,  or 
even  longer,  according  to  conditions.  In 
the  bottom  of  the  box  is  an  ordinary 
copper  plate  acting  as  a  cathode. 
Graphite  anodes  of  suitable  construction 
are  arranged  to  conduct  the  low  voltage 
curent  into  the  water  (electrolyte)  pass- 
ing over  the  device.  Pulp  of  proper  fine- 
ness, screened  gravel  or  sand,  is  passed 
into  the  apparatus  by  suitable  means. 
Certain  solutions  are  also  added  to  the 
water.  A  critical  low  voltage  current 
of  proper  amperage  is  passed  into  the 
anodes;  the  water,  carrying  pulp,  etc., 
acts  as  an  electrolyte,  and  makes  the 
electric  connection  with  the  copper  plate 
(cathode).  In  operation,  the  water  is  at 
all  times  electrified,  and  the  copper  plate 
is  also  constantly  under  electrical  action. 
The  device  can  be  made  of  any  desired 
capacity." 

The  current  density  used  is  about  five- 
tenths  ampere  per  square  foot  of  cathode 
surface ;  the  pressure  at  the  generator  is 
from  5  to  10  volts.  The  solutions  added 
to  the  water  contain  mercury  and  sodium 
salts  and  some  salt  from  which  hy- 
drogen is  easily  liberated  by  electrolytic 
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action.  The  mercury  solution  is  added 
to  the  water  passing  into  the  apparatus, 
the  amount  depending  on  the  values  in 
the  pulp.  About  the  same  amount  of 
metallic  mercury  as  is  used  in  ordinary 
amalgamation  practice  is  necessary; 
practically  all  of  it  is  recovered  in  the 
amalgam. 

Several  chemical,  electrical  and  elec- 
tro-chemical processes  are  in  constant 
operation  in  the  amalgamation  box,  the 
reactions  which  would  ordinarily  occur 
being  greatly  intensified  by  the  presence 
of  the  electric  current.  The  most  im- 
portant part  of  the  process  is  the  even, 
constant  and  uniform  deposition  of  mer- 
cury on  the  cathode  plate  by  the  electro- 
lysis of  the  mercuric  solution.  The  coat- 
ing of  mercury  is  chemically  pure,  it 
adheres  tenaciously  to  the  plate  and  has 
no  tendency  to  "flour."  As  the  mercury 
is  liberated  in  its  nascent  state,  its  af- 
finity for  metals  and  gases  is  much 
greater  than  in  ordinary  practice;  its 
amalgam-forming  powers  are  intensified 
to  such  a  degree  that  rusty,  greasy  or 
pyritic  gold  is  readily  amlagamated. 
"Fouling"  or  "sickening"  of  the  plate  is 
impossible. 

Fouling  of  the  plates  is  prevented  by 
the  liberation  of  nascent  hydrogen,  the 
cleansing  and  reducing  powers  of  which 
are  used  to  great  advantage  in  electro- 
chemical amalgamation.  It  destroys  in- 
stantly organic,  greasy  and  foul  condi- 


tions, counteracts  all  impurities  in  the 
water,  and  cleans  rusty  gold.  Large 
quantities  of  hydrogen  are  occluded  in 
the  mercury  as  the  latter  is  deposited  and 
exercise  continuously  a  powerful  clean- 
ing and  reducing  effect. 

Metallic  sodium,  liberated  from  the 
sodium  salt,  unites  with  the  mercury  to 
form  sodium  amalgam.  The  conditions 
of  its  formation  ensure  its  purity.  With 
the  hydrogen  occluded  in  the  mercury  it 
forms  hydrogen-sodium  amalgam,  the 
most  powerful  amalgamating  agent 
known.  Hydrogen-sodium  amalgam,  be- 
sides holding  free  gold  m  any  condition, 
will  also  hold  platinum.  It  will  amalga- 
mate all  metals  not  encased,  which  are 
in  a  comminuted  state.  Amalgamation 
takes  place  as  soon  as  a  particle  of  gold 
touches  the  quickened  mercury  surface; 
the  larger  particles  will  come  in  contact 
with  the  mercury  very  soon  after  enter- 
ing the  sluice  box;  microscopic  values 
will  require  possibly  40,  50  or  even  60 
feet  of  cathode  surface.  Experiment  has 
demonstrated  that  electrolytic  amalgama- 
tion will  recover  from  95  to  99  per  cept 
of  all  gold  not  encased,  and  in  many 
cases  the  extraction  reaches  100  per 
cent.  Usually  when  the  pulp  of  re- 
fractory ores  is  ground  to  100  to  200 
mesh,  the  tailings,  after  passing  the 
electric  amalgamator,  do  not  contain 
enough  values  to  make  supplementary 
gold-saving  devices  necessary. 


A  COMPARISON  OF  COAL-CUTTING  MACHINES. 

A    DISCUSSION    OF    THE    APPARATUS,    METHODS   AND   COST    OF   MACHINE   MINING   IN 

GREAT   BRITAIN. 

Sydney  F.    Walker — Engineering  and  Mining  Journal. 


ONE  of  the  means  most  frequently 
urged  for  the  reduction  of  the 
enormous  waste  in  American  coal 
mining  is  the  adoption  on  a  more  gen- 
eral scale  of  coal  cutting  by  machine, 
in  the  place  of  present  methods  of  ex- 
traction by  the  use  of  explosives.  Brit- 
ish practice  in  machine  mining  is  dis- 
cussed at  length  by  Mr.  Sydney  F. 
Walker  in  The  Engineering  and  Mining 
Journal  for  May  22.  We  abstract  from 
his  paper  a  few  notes  on  the  apparatus, 
methods  and  economy  of  mechanical 
QOfil-CUtting  in  the  United  Kingdom. 


"The  operation  of  the  four  principal 
types  of  machines,  the  puncher,  the  disk, 
the  bar  and  the  chain,  are  distinctly  dif- 
ferent though  all  are  aiming  at  the  same 
result,  to  imitate  the  work  of  holing  done 
by  hand  labor  in  the  past,  and  if  pos- 
sible to  improve  it.  The  puncher  ma- 
chine in  the  original  form,  consisting  of 
the  drill  with  its  air  cylinder  behind  it, 
carried  on  a  pair  of  wheels,  appears  to 
answer  more  nearly  to  the  work  of  hand 
holing  than  any  of  the  others.  Strictly 
speaking,  the  puncher  is  a  pick,  with  a 
power  machine  behind  it^  wielded  by  the 
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runner,  and  it  has  nearly  all   the  flexi- 
bility of  the  hand  pick. 

"Whenever  a  machine  is  arranged  to 
take  the  place  of  hand  labor,  the  ma- 
chine is  always  at  the  disadvantage  that 
it  has  not  the  flexibility  of  hand  work. 
In  the  case  of  holing  under  the  coal  for 
instance,  the  skilled  miner  could  work 
around  balls  of  pyrites,  and  could  liter- 
ally pick  his  way,  on  the  line  of  least 
resistance.  The  puncher  machine  ar- 
ranged with  its  wheel  carriage,  is  able 
to  closely  follow  this.  On  the  other 
hand,  the  bar  and  the  disk  and  the  chain 
all  have  to  cut  more  or  less  uniformly 
and  more  or  less  blindly.  There  is  no 
flexibility  about  them,  except  as  will  be 
described  below.  The  action  of  these 
three  again  is  difYerent. 

"The  cutting  tools  of  the  disk  ma- 
chine remove  the  dirt,  or  the  coal, 
whichever  they  may  be  cutting  in,  by 
scraping.  It  is  more  or  less  the  action 
of  a  carpenter's  chisel.  The  bar  ma- 
chine with  its  reciprocating  and  rotary 
motion,  claims  that  its  action  is  that  of 
the  pick,  but  the  work  is  divided  up 
among  a  large  number  of  very  small 
picks.  In  the  chain  machine  it  is  claimed 
by  the  makers,  that  the  action  of  the 
cutting  tool  is  closely  similar  to  that  of 
the  pick,  and  the  material  brought  out 
by  the  cutters  bears  this  out  to  a  large 
extent  in  a  great  many  instances.  With 
the  disk  and  bar  machines,  the  holing 
dirt  is  usually  dust,  with  the  chain-jib 
machine  the  holing  substance  is  brought 
out  in  small  lumps. 

"The  bar  machine  has  claimed  an  ad- 
vantage over  the   disk,   that   in   case  of 
the  coal  settling  down  upon  the  machine, 
the  friction  is  nothing  like  as  great,  and 
the  bar  could  go  on  working,  while  the 
disk  might  have  to  be  stopped;  this   is 
evidently  correct.    Both  the  bar  and  the 
chain   machines   have  the   great   advan-. 
tage  that  the  coal  can  be  spragged  right 
I    up  to  within  a  few  inches  of  the  cutting 
\    tool  itself,  while  in  the  case  of  the  disk 
I    the  spragging  of  course  has  to  be  some 
distance  behind  the  disk  itself.    Further, 
the   chain   machine    appears   to    have    a 
i    distinct  advantage  in  the   fact  that  the 
(    plates  between   which   the   rollers   upon 
li    which  the  chain-runs  are  held,  does  not 
bl    piove  in  the  same  sense  as  the  disk  moves. 


It  moves  on  as  the  machine  moves,  and 
as  the  cut  moves,  but  it  is  not  in  con- 
tinual motion  like  the  disk  is,  and  there- 
fore the  friction  is  considerably  reduced. 
This  is  borne  out  in  practice  by  the  fact 
that  the  chain  machine  works  with  ap- 
proximately  half  the  power  of  the  disk 
machine  for  any  given  work. 

"The  bar  machine  also  works  with 
considerably  less  power  than  the  disk 
machine,  and  approximately  the  power 
for  chain  and  bar  machines  for  the 
same  work  are  about  equal.  By  the 
same  work  is  meant  cutting  in  the  same 
material,  and  to  the  same  depth.  It  is 
understood  of  course  that  the  power  re- 
quired for  cutting  in  different  materials, 
is  different.  The  smallest  power  re- 
quired is  for  cutting  in  soft  kinds  of 
coal,  the  largest  for  cutting  in  hard  fire- 
clay. Both  the  bar  and  the  chain  ma- 
chines also  have  the  advantage,  which 
is  now  a  thoroughly  practical  one,  in 
the  machine  on  the  market,  that  they  are 
able  to  avoid  obstacles,  such  as  the 
nodules  of  pyrites  that  are  the  bete  noir 
of  the  coal-cutting  machine.  Both  the 
bar  and  the  chain  are  arranged  to  be  in- 
clined upward  or  downward,  so  as  to 
avoid  any  piece  of  hard  substance,  and 
that  without  interfering  with  the  gen- 
eral arrangement  of  the  platform. 

"All  three  forms,  the  bar,  the  chain, 
and  the  disk,  are  now  arranged  to  cut  at 
practically  any  level  that  is  met  with 
in  a  coal  pit,  and  all  of  them  are  made 
practically  for  any  thickness  of  seam. 
All  of  them  also  are  made  to  run  on 
wheels  resting  upon  rails,  that  are  laid 
in  front  of  the  coal  face,  or  on  skids, 
which  make  their  own  floor.  The  skids 
were  originally  introduced  by  the  mak- 
ers of  the  chain  machines,  but  the 
makers  of  disk  and  bar  machines 
quickly  followed  suit." 

Within  recent  years  important  im- 
provements have  been  made  in  the  bar 
and  puncher  machines.  In  the  latest 
form  of  the  latter,  the  drill  is  held  upon 
a  vertical,  extensible  pillar  fixed  be- 
tween floor  and  roof.  The  connection 
between  the  body  of  the  machine  and  its 
support  is  practically  a  universal  joint 
and  the  drill  is  arranged  to  sweep  over 
an  arc  in  any  plane  and  at  any  desired 
angle.     In  spite  of  all  improvements  in 
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its  competitors,  however,  the  disk  ma- 
chine is  still  leading;  as  late  as  1905  the 
number  of  disk  machines  in  use  still  ex- 
ceeded those  of  all  the  other  types  of 
machines  together.  For  driving  head- 
ings the  punching  machine  is  a  keen 
rival  of  the  chain  header,  but  the  latter 
seems  to  be  holding  its  own. 

"The  cost  of  getting  coal  by  the  disk 
machine,  which  varies  necessarily  with 
the  material  cut  in,  and  with  the  other 
conditions,  ranges  from  26c.  per  ton  to 
$1.10,  the  latter  being  an  exceptional 
price,  40  to  62c.  being  the  general  range. 
The  saving  with  coal-cutting  machines 
over  hand  labor,  ranges  from  2c.  per 
ton  up  to  39c.  per  ton.  In  the  majority 
of  cases,  the  savings  are  from  8  to  i6c. 
per  ton.  There  does  not  appear  to  be 
any  great  difference  between  the  costs 
when  driving  by  compressed  air  and  by 
electricity,  under  similar  conditions. 
Further,  the  costs  as  obtained  by  impar- 
tial observers,  appear  to  show  that  the 
disk  machine  is  still  the  one  working  at 
the  smallest  cost  all  told,  though  again, 
with  the  same  conditions,  there  does 
not  appear  to  be  any  great  difference. 
The  question  of  the  actual  machine  to 
be  employed  depends  entirely,  as  in  so 
many  other  engineering  questions,  upon 
the  whole  of  the  conditions  present. 
Where  the  work  to  be  done  is  heavy,  it 
is  at  least  wiser  to  use  a  disk  machine, 
notwithstanding  the  disadvantages  men- 
tioned, while  where  the  holing  is  light, 
one  of  the  other  machines  may  be  em- 
ployed with  advantage. 

"One  important  advantage  that  arises 
incidentally  from  the  use  of  coal-cut- 
ting machines,  is  the  increased  output 
per  man  employed.  In  the  United  King- 
dom, with  the  increasing  output  of  coal, 
the  number  of  skilled  men  available  is 
becoming  proportionately  less,  and  there- 
fore any  increase  in  the  output  per  man 
is  of  value,  both  from  this  cause,  and 
also  because  it  lessens  the  outlay  for  pro- 
viding houses  for  the  miners.     .     .     . 

"In  1900,  by  far  the  largest  number  of 
coal-cutting  machines  in  use  in  the 
United  Kingdom  were  driven  by  com- 
pressed air,  the  proportion  between 
those  driven  by  compressed  air  and  by 
electricity  being  nearly  as  5  to  i.  But 
with  the  development  of  the  use  of  elec- 


tricity that  has  been  going  on  so  rapidly 
since  then,  the  number  of  electrically 
driven  machines  has  been  steadily  in- 
creasing. The  number  of  coal  cutting 
machines  in  use  has  increased  from  316 
in  1900,  to  1 133  in  1906,  but  the  ma- 
chines that  have  been  brought  into  use 
since  1900  have  been,  a  large  number 
of  them,  electrically  driven.  In  1906 
the  proportion  was  682  run  by  com- 
pressed air,  and  451  by  electricity.  If 
the  work  the  different  machines  are 
capable  of  doing  is  taken  into  consider- 
ation, the  proportion  would  now  be 
largely  in  favor  of  electricity,  for 
among  the  machines  run  by  compressed 
air,  are  a  large  number  of  the  punchers 
of  the  'Champion'  and  similar  types. 
Recently,  however,  there  has  been  a  re- 
vulsion on  the  part  of  colliery  managers 
against  electric  driving  of  coal-cutting 
machines,  principally  because  of  the 
greater  danger  to  life.  Electrical  ap- 
paratus in  mines  in  the  United  Kingdom, 
has  unfortunately  taken  a  somewhat 
large  toll  of  life,  and  the  toll  has  been 
particularly  heavy  in  electrically  driven 
coal-cutting  machines." 

The  principal  reason  why  electricity 
has  been  so  largely  introduced  is  the 
greater  efficiency  of  transmission  over 
compressed  air.  The  power  consumption 
of  the  coal-cutting  machine  is  not  a 
very  important  item  in  the  total  cost  of 
machine  mining,  and  in  a  great  number 
of  cases  electricity  does  not  present  any 
great  advantages,  so  far  as  economy  in 
power  generation  is  concerned,  over 
compressed  air.  But  the  great  objection 
to  the  use  of  compressed  air  has  been 
the  difficulty  of  maintaining  pressure  at 
the  working  face,  and  it  is  by  offering  a 
means  of  overcoming  this  disadvan- 
tage that  electricity  has  made  its  appeal. 
Recent  developments  in  compressed-air 
practice,  however,  among  them  the  in- 
troduction of  electrical  machines  for 
compressing  air  at  the  face  and  im- 
provements in  compressed  air  motors, 
with  the  tendency  on  the  part  of  col- 
liery managers  to  abandon  the  use  of 
electricity  because  of  the  risk  of  acci- 
dent, seem  to  indicate  that  compressed 
air  is  likely  to  recover  some  of  its  lost 
prestige  as  the  motive  power  for  coal- 
cutting  machines. 
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gives  the  following  essential  information  about  every  publication  : 

(i)   The  title  of  each  article,  (4)   Its  length  in  words, 

(2)  The  name  of  its  author,  (5)   Where  published, 

(3)  A  descriptive  abstract,  (6)   When  published, 

(7)    IVe  supply  the  articles  themselves,  if  desired. 

The  Index  is  conveniently  classified  into  the  larger  divisions  of  engineer- 
ing science,  to  the  end  that  the  busy  engineer,  superintendent  or  works  man- 
ager may  quickly  turn  to  what  concerns  himself  and  his  special  branches  of 
work.  By  this  means  it  is  possible  wdthin  a  few  minutes'  time  each  month  to 
learn  promptly  of  every  important  article,  published  anywhere  in  the  world, 
upon  the  subjects  claiming  one's  special  interest. 

The  full  text  of  every  article  referred  to  in  the  Index,  together  with  all  illus- 
trations, can  usually  be  supplied  by  us.  See  the  "Explanatory  Note"  at  the  end, 
where  also  the  full  titles  of  the  principal  journals  indexed  are  given. 
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BRIDGES. 

Abutments. 

Method  of  Constructing  Concrete 
Abutments  on  Concrete  Cylinders  for  a 
Skew  Bridge  Across  the  North  Shore 
Channel  of  the  Sanitary  District  of  Chi- 
cago. Illustrated  description  of  methods 
used  in  constructing  an  unusual  substruc- 
ture. 1800  w.  Engng-Con — June  16, 
1909.     No.  5615. 

Arches. 

The  Stability  of  Arches.  Henry  Adams. 
Read  before  the  Civ.  &  Mech.  Engrs. 
Soc.  Discusses  the  conditions  that  must 
be  fulfilled,  giving  a  graphical  method  of 


determining  stresses.    3000  w.     Can  Engr 
—May  28,  1909.     No.  5156. 

Determination  of  the  Line  of  Resist- 
ance in  Arches  (Zur  Bcrcchnung  des 
Stiitzliniengewolbes).  Sicgmund  Schwat- 
zer.  Mathematical  and  theoretical.  Ills. 
7000  w.  Oest  Wochenschr  f  d  Oeffent 
Baudienst— May  15,  IQOQ-  No.  5792  D. 
Blackwell's  Island. 

Safety  of  the  Queensboro  Bridge.  From 
the  report  of  a  commission  of  engineers 
to  the  Pennsylvania  Steel  Company.  2000 
w.     Ir  Age— June  17,  I909-     No.  5567. 

Further  Reports  Upon  the  Blackwell's 
Island     (Queensboro)     Bridge    Over    the 
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East  River.  Reports  concerning  fhis 
structure,  with  editorial  comment.  7000 
w.    Eng  News— June  17,  1909.     No.  5580. 

Concrete. 

See  Abutments,  under  Bridges. 
Foot  Bridges. 

Design  of  a  Two-Span  Foot  Bridge 
(Berechnung  eines  Fussgangersteges  von 
2  Oeffnungen).  R.  Necker.  Mathemat- 
•ical  description  of  the  design  of  elevated 
street  crossings.  Ills.  Serial,  ist  part. 
1000  w.  Elektrotech  Rundschau— May  8, 
1909.  No.  5950  D. 
Foundations. 

Pile-and-Cylinder  Foundations  of  Nor- 
folk &  Western  Bridge  No.  5,  Elizabeth 
River,  at  Norfolk,  Va.  J.  E.  Crawford. 
Outlines  the  history  of  this  bridge,  and 
gives  illustrated  description  of  the  struc- 
ture as  recently  rebuilt.  4500  w.  Eng. 
News — June  10,  1909.  No.  5460. 
Masonry. 

The  Arciat  Bridge  (Note  sur  le  Pont 
d'Arciat).  M.  Parent.  Illustrated  de- 
scription of  a  masonry  bridge  over  the 
Saone,  of  seven  31-metre  spans.  3300  w. 
Ann  d  Fonts  et  Chaussees — 1909-IL  No. 
5716  E  -I-  F. 

Reinforced  Concrete. 

Computation  of  a  Reinforced-Concrete 
Arch  Rib  with  Fixed  Ends  for  a  Pro- 
posed I2th  Street  Bridge  at  Oakland, 
California.  A.  W.  Miller.  Mathematical 
discussion  with  diagrams.  Ills.  9100  w, 
Engng-Contr— June  2,   1909.     No.  5308. 

The  Galveston  Causeway.  F.  E.  Lister. 
Illustrated  detailed  description  of  a  pro- 
posed concrete  causeway  to  connect  Gal- 
veston Island  and  the  mainland.  2200  w. 
R.  R.  Age  Gaz— June  11,  1909.    No.  5471. 

The  Edmondson  Avenue  Bridge,  Bal- 
timore. A  four-span  concrete  arch  struc- 
ture, carrying  roadway  and  sidewalks, 
is  illustrated  and  described.  1800  w. 
Eng  Rec— June   19,   1909.     No.   5623. 

The  Sinlumkaba  (Burma)  Ferro-Con- 
crete  Bridge.  W.  E.  Haldwell.  De- 
scribes methods  adopted  in  constructing 
a  reinforced-concrete  arch.  Ills.  3000  w. 
Soc  of  Engrs — June  7,  1909.     No.  5663  N. 

The  Birkendorf  Bridge  Over  the  Feist- 
ritz  (Die  Feistritzbriicke  in  Birkendorf). 
Gustav  Hermann.  Describes  and  dis- 
cusses the  design  of  this  reinforced-con- 
crete arch.  Mathematical.  Plates.  Ills. 
5500  w.  Oest  Wochenschr  f  d  Oeffent 
Baudienst— May  29,  1909.     No.  5794  D. 

See  also  Steel,  under  Bridges. 

Steel. 

Nickel  Steel  Eye-Bars.  Editorial  dis- 
cussion of  W.  R.  Webster's  paper  on 
"Nickel  Steel  Eye-Bars  for  B'.ackwell's 
Island  Bridge,"  submitted  to  Am.  Soc.  of 
Civil  Engineers.  1500  w.  Eng  Rec — 
June  5,   1909.     No.   5276. 


Steel  and  Reinforced  Concrete  Bridge 
Superstructures  for  the  Bay  Ridge  Im- 
provement of  the  Long  Island  Railroad 
James  B.  French.  Gives  general  descrip- 
tion of  this  work  and  the  details  mentioned. 
Ills.  7000  w.  Pro  Brooklyn  Engrs'  Club. 
No.  82—1908.     No.  5873  F-f  F. 

Some  Features  of  the  Bridges  on  the 
Harlem  River  Branch  of  the  New  York, 
New  Haven  and  Hartford  Railroad.  Her- 
bert C.  Keith.  Plans  and  description  of 
bridges  on  a  branch  carrying  a  heavy 
freight  business,  and  carrying  the  rail- 
way over  many  streets.  Discussion.  9500 
w.     Pro  Brooklyn  Engrs'  Club,  No.  84 — 

1908.  No.  5875  F  +  F. 

The  Webster-Donora  Bridge.  Illus- 
trated description  of  a  highway  bridge 
across  the  Monongahela  River.  1500  w. 
Eng  Rec — June  12,  1909.     No.  5490. 

The  New  Bridge  Over  the  Wear.  Il- 
lustrates and  describes  this  double-deck 
road  and  railway  bridge  erected  by  the 
N.-E.  Ry.  Co.,  and  the  Sunderland  Cor- 
poration.    1200  w.     Engr,  Lond — June  4, 

1909.  Serial,     ist  part.     No.  5536  A. 
The    Song-Ma    Railway    Bridge    (Pont 

de  Chemin  de  Fer  sur  le  Song-Ma,  Ton- 
kin). Ch.  Dantin.  Illustrates  and  de- 
scribes the  construction  of  a  bridge  of 
novel  design.  3000  w.  Genie  Civil — May 
8,  1909.     No.  5738  D. 

Swing  Bridges. 

The  Kaiser  Wilhelm  Bridge  at  Wil- 
helmshafen  (Die  Kaiser  Wilhelm-Briicke 
in  Wilhelmshafen).  Karl  Bernhard.  Il- 
lustrated description  of  this  interesting 
double  swing  structure.  Serial,  ist  part. 
2700  w.  Zeitschr  d  Ver  Deutscher  Ing — 
May  22,  1909.  No.  5966  D. 
Viaducts. 

The  Highland  Boulevard  Viaduct,  Mil- 
waukee. Illustrated  description  of  a  re- 
inforced-concrete viaduct  across  a  wide, 
deep  ravine.  2200  w.  Eng  Rec — June  12, 
1909.    No.  5487. 

Replacing  the  Cuyahoga  Valley  Via- 
duct, Cleveland,  Ohio.  Describes  a  new 
steel  viaduct,  and  its  erection.  Ills.  3500 
w.    Eng  Rec — June  5,  1909.    No.  5286. 

The  Fades  Viaduct  Over  the  Sioule 
(Achevement  du  Viaduc  des  Fades  sur 
la  Sioule).  Describes  a  long,  high,  steel 
viaduct  on  the  Puy-de-D6me  railway. 
Ills.  3000  w.  Genie  Civil — May  29,  1909. 
No.  5742  D. 

CONSTRUCTION. 

Beams. 

The  Calculation  of  Elastic  Fixed  and 
Continuous  Beams  with  Variable  Mo- 
ment of  Inertia  (Ueber  die  Berechnung 
elastisch  eingespannter  und  kontinuier- 
Hches  Balken  mit  veranderlichem  Trag- 
heit'smoment).  Max  Ritter.  Mathemati- 
cal. Ills.  Serial.  1st  part.  2000  w. 
Schweiz  Bau — May  i,  1909.     No.  5766  B. 
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Coal  Pockets. 

Elevated  Reinforced  Concrete  Coal 
Store.  Illustrated  description  of  a  struc- 
ture recently  erected  in  Montreal.  1200 
w.  Engr,  Lond — June  11,  1909.  No. 
5637  A. 
Concrete. 

Concrete  in  Water  Works  Construc- 
tion, William  Curtis  Mabee.  Principally 
an  illustrated  detailed  description  of  the 
purification  system  of  the  Indianapolis 
Water  Co.  4500  w.  Am  W-Wks  Assn — 
June,    1909.   No.   5922   N. 

See    also    Conduits,   under   ELECTRI- 
CAL ENGINEERING,  Transmission. 
Concrete  Blocks. 

See  Stacks,  under  Construction. 
Contractors*  Plants. 

The  Construction  Plant  for  Covering 
the  Providence  Filters.  Illustrated  de- 
tailed description  of  the  work  and  of  the 
plant  for  executing  it.  4500  w.  Eng 
Rec — June    19,    1909.      No.    5621. 

Earthquake. 

A  Study  of  the  Vibrations  of  the 
Earth's  Crust  Under  Earthquake  Shocks 
(Etude  des  Vibrations  du  Sol  lors  des 
Tremblements  de  Terre).  M.  J.  Ber- 
geron. A  theoretical  discussion.  Ills. 
6500  w.  Mem  Soc  Ing  Civ  de  France — 
March,  1909.     No.  5703  G. 

Earthquake  Construction  (Edilizia 
antisismica).  Editorial  discussion  of  va- 
rious theories  and  suggestions.  Ills.  3500 
w,  II  Cemento — ^IVIay  15,  1909.  No.  5745  D. 

Construction  for  Earthquake  Countries 
(La  Construction  en  Pays  de  Tremble- 
ments de  Terre).  G.  Espitallier.  Dis- 
cusses the  applicability  of  timber,  ma- 
sonry, steel  and  concrete.  Ills.  8000  w. 
Mem  Soc  Ing  Civils  de  France — March, 
1909.    No.  5704  G. 

A  System  of  Architecture  for  Earth- 
quake Countries  (Systeme  d'Architecture 
pour  Sol  agite  ou  mouvant).  F.  J.  Pillet. 
Illustrates  and  describes  a  system  of  con- 
struction secure  against  earthquake 
shocks.  2300  w.  Mem  Soc  Ing  Civils  de 
France — March,    1909.      No.    5706   G. 

Reinforced  (Concrete  and  Earthquakes 
(Le  Beton  arme  et  les  Tremblements  de 
Terre),  G.  Flament-Hennebique.  A  dis- 
cussion of  its  use  in  structures  in  earth- 
quake countries,  4000  w,  Mem  Soc  Ing 
Civils  de  France — March,  1909,  No. 
5705  G. 

Regulations  of  the  Italian  Government 
for  the  Construction  and  Repair  of  Build- 
ings in  Earthquake  Districts.  The  text 
of  the  decree  of  April  18, 1909.  Ills.  18000 
w.    Ing  Ferro — May  8,  1909.    No.  5746  D. 

Factories. 

The  Design  and  ODnstruction  of  In- 
dustrial Buildings.  Herbert  F.  Stimpson. 
The  first  of  three  lectures  before  the 
senior  class  in  mechanical  engineering  at 


Columbia  University,  N.  Y.  6000  w.  Eng 
Rec — May  29,  1909.  Serial.  ist  part. 
No.  5149. 

Reinforced  Concrete  Construction  in 
Industrial  Plants.  David  Maxwell.  Dis- 
cusses the  systems  available  2500  w, 
Ind  Engng — June,   1909.     No.  5801   C. 

Reinforced  Concrete  Industrial  Build- 
ings. J.  P.  H.  Perry.  Discusses  ques- 
tions in  regard  to  the  use  of  this  mate- 
rial for  manufacturing  plants.  3500  w. 
Cement — May,  1909.  No.  5557  C. 
Fireproof. 

Modern  Fireproof  Construction.  Facts 
and  Figures.  W.  N.  Moorhouse.  Dis- 
cussion and  comparison  of  types  of  con- 
struction for  warehouses  or  factory  build- 
ings. Ills,  and  discussion,  6000  w.  Can 
Soc  of  Civ  Engrs,  Bui.  5 — Mav,  1909. 
No,  5852  N,  _ 

Fire-Resisting  Construction  at  the  New 
Temporary  Crib  for  the  73d  St.  Water 
Tunnel  at  Chicago.  Illustrated  detailed 
description.  900  w.  Eng  News — June 
17,  1909.     No.  5578. 

See    also    Reinforced    Concrete,    under 
Construction,  and  also  under  Materials 
OF  Construction, 
Foundations. 

The  Foundations  for  the  New  City 
Hall  in  Chicago,  Illustrated  description 
of  the  methods  of  construction  used  in 
the  foundation  work  of  a  12-story  build- 
ing on  unstable  soil,  2000  w,  Eng  Rec — 
June   12,    1909,     No.   5486. 

Foundations  of  the  Goldfield  Consoli- 
dated Mill,  Percy  E.  Barbour.  Illus- 
trates and  describes  a  notable  example 
of  concrete  foundations  for  mill  construc- 
tion. 1500  w.  Eng  &  Min  Jour — June 
12,  1909.     No,  5473- 

Foundations  and  the  Use  of  Concrete. 
Geo.  W.  Martin.  Discusses  concrete 
foundations  for  walls  and  engines.  Ills. 
2900  w.    Elec  Age — May,  1909.     No.  54^1. 

The  Calculation  of  Pile  Foundations 
(Zur  Berechnung  von  Pfahlrostgriind- 
ungen).  E.  Jacoby.  A  mathematical  dis- 
cussion of  load  distribution,  etc.  Ills. 
2000  w.  Oest  Wochenschr  f  d  Oeffcnt 
Baudienst' — May  29,  1909.  No.  5795  D. 
Grain  Elevators. 

Grain  Handling  in  the  United  States. 
Sam'l  O.  Dunn.  First  instalment  of  a 
series  discussing  grain  storage  and  trans- 
portation, including  country  and  terminal 
elevators.  2200  w.  R  R  Age  Gaz — June 
4,  1909.  No.  5290. 
Piling. 

Discussion  of  Various  Piles  and 
Methods  of  Driving  Them.  Frederic  W, 
Swain,  An  illustrated  discussion  of  rnod- 
ern  and  various  types  of  concrete  piles, 
2500  w.  Harvard  Engng  Jour — June, 
1909.     No,  5991   D. 

Earth  Displacement  in  Pile  Driving 
(Versuche  iibor  die  Verdrangang  des  Bo- 
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dens  beim  Einrammen  von  Pfahlen).  J. 
Ritter  von  Schoen.  A  report  of  test  re- 
sults. Ills.  2000  w,  Oest  Wochenschr 
f  d  Oeffent  Baudienst — May  8,  1909.  No. 
5791  D. 

Practical  Determination  of  the  Permis- 
sible Load  for  Piles  (Praktische  An- 
wendungen  der  Methoden  zur  Bestim- 
mung  der  zulassigen  Pfahlbelastung). 
Richard  Kafka.  Refers  principally  to  the 
staticgeometric  method.  Ills.  Serial,  ist 
part.  2200  w.  Beton  u  Eisen — May  iS, 
1909.    No.  5786  F. 

See  also  Foundations,  under  Bridges. 

Reinforced  Concrete. 

Reinforced  Concrete  House  Built  by  an 
Entirely  New  Method.  Describes  a  house 
built  of  steel  tubing,  wire,  malleable  fit- 
tings and  concrete  which  shows  radical 
departures  from  previous  methods  of  fire- 
proof construction.  Ills.  1200  w.  Ind 
Wld— June  7,   1909.     No.  5386. 

Ferro-Concrete  Submarine  Depot  at' 
Haslar.  Illustrates  and  describes  a  new 
depot  for  submarine  vessels  built  on  the 
Mouchel-Hennebique  system.  1500  w. 
Engng — June  11,  1909.     No.  5660  A. 

The  Building  and  Equipment  of  the 
Keewatiri  Flour  Mill.  Illustrated  descrip- 
tion of  a  reinforced-concrete  building  in 
Ontario,  it's  equipment  and  operation. 
3000  w.      Eng  Rec — May  29,    1909.     No. 

5145. 

Stresses  due  to  Temperature  Changes  in 
Reinforced  Concrete  (Temperaturspan- 
nungen  im  Eisenbeton).  Fritz  v,  Emper- 
ger.  An  examination  of  the  magnitude  of 
the  stresses  due  to  expansion  and  con- 
traction. Ills.  Serial,  ist  part.  3000  w. 
Zeitschr  d  Oest  Ing  u  Arch  Ver — May 
28,  1909.     No.  5789  D. 

See  also  Coal  Pockets,  Factories,  Fire- 
proof, and  Retaining  Walls,  under  Con- 
struction ;  and  Reinforced  Concrete,  un- 
der  Materials   of   Construction. 

Retaining  Walls. 

A  Reinforced-Concrete  Retaining  Wall 
Along  the  Bank  of  the  Ohio  River.  Frank 
A.  Bone.  Illustrated  description  of  a 
novel  design  constructed  at  Evansville, 
Ind.  600  w.  Eng  News — June  3,  1909. 
No.  5220. 
Roofs. 

Queen-Post  Roof  Trusses.  Walter  Hey 
and  Thomas  R.  Sturgeon.     Presents  a  so- 
lution of  the  stresses.     1500  w.     Engng — 
June  II,  1909.    No.  5657  A. 
Stacks. 

Reinforced  Concrete  Chimneys.  Dr. 
Alfred  Gradenwitz.  Describes  a  chimney 
of  concrete  blocks  erected  in  Belgium 
125  feet  in  height.  Ills.  900  w.  Sci  Am 
Sup— June  5,  1909.  No.  53i3 
Steel. 

An  Example  of  Defective  Truss  Con- 
struction.    C.  A.   P.  Turner.     Illustrated 


discussion  of  dangerously  defective  struc- 
tural steel  frames.  1200  w.  Eng  News — 
June  17,  1909.  No.  5576. 
_  Methods  of  Designing  Skew  Connec- 
tions in  Complicated  Steel  Structures. 
Alexander  Penden,  Jr.  Read  at  a  stu- 
dents' meeting  of  the  Can.  Soc.  of  Civ. 
Engrs.  Explains  the  way  to  determine 
such  skew  detailing,  illustrating  by  actual 
connections.  2800  w.  Engng-Con — June 
9,  1909.     No.  5353. 

Steel  work  in  the  La  Salle  Hotel,  Chi- 
cago. Description  of  structural-steel 
frame  work  of  a  22-story  building,  260 
ft.  in  height  and  180  by  180  in  plan.  Ills. 
3000  w.  Eng  Rec — June  5,  1909.  No.  5283. 

The  St.  Paul  Auditorium.  Laurence'  A. 
Ball.  Plans  and  description  of  the  build- 
ing, with  discussion  of  its  engineering 
features.  5000  w.  Pro  Brooklyn  Engrs' 
Club,  No.  85—1908.    No.  5876  F  -f  F. 

See  also  Roofs,  under  Construction. 
Tunnels. 

East  River  Tunnel  from  South  Ferry 
to  Joralemon  Street.  Frederick  C.  Noble. 
Gives  the  history  and  illustrated  general 
description  of  the  tunnel  and  methods 
of  construction.  Discussion.  Ills.  9000 
w.  Pro  Brooklyn  Engrs'  Club,  No.  80 — 
1908.     No.  5871  F  -f  F. 

MATERIALS   OF   CONSTRUCTION. 

Cement. 

Some  Notes  Relating  to  the  Setting  of 
Portland  Cement,  with  Description  of 
Methods  Adopted  for  -Regulating  the 
same.  H.  K.  C.  Bamber.  A  resume  of 
results  of  research  work.  3500  w.  Archt, 
Lond — June  4,  1909.  Serial,  ist  part.  No. 
5512  A. 
Paints. 

Protective  Coatings  for  Structural  Ma- 
terial. R.  S.  Perry.  Outlines  scientific 
investigations  in  this  field,  and  discusses 
properties  of  pigments,  methods  of  test- 
ing, etc.  Discussion.  10500  w.  Jour  W 
Soc  of  Engrs — June,  1909.  No.  5879  D. 
Reinforced   Concrete. 

A  Hearing  on  Reinforced  Concrete  in 
the  Revision  of  the  New  York  Building 
Code.  Gives  extracts  from  the  state- 
ments made  at  this  hearing,  in  regard  to 
reinforced  concrete  and  cinder  concrete. 
Also  editorial.  5000  w.  Eng  News — June 
10,  1909.     No.  5463. 

Compression  Tests  of  the  French  Gov- 
ernment Commission.  Leon  S.  Moisseiff. 
Describes  the  compression  tests  on  longi- 
tudinally reinforced  columns.  Ills.  2500 
w.    Cement — May,  1909.    No.  5556  C. 

Reinforced  Concrete  as  a  Fireproof 
Building  Material.  Leonard  C.  Wason.  A 
paper  presented  before  the  Nat.  Fire  Pro- 
tective Ass'n,  which  discusses  the  use  of 
concrete  and  its  fire-resisting  properties. 
2450  w.  Engng-Contr — June  2,  1909.  No. 
5305. 
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The  Strength  of  Thin  Reinforced  Con- 
crete Columns  (Sur  la  Resistance  au 
Flambage  des  Poteaux  en  Beton  arme). 
M.  Mcsnager.  Results  of  tests.  Ills.  5600 
w.  Ann  d  Fonts  et  Chaussees — 1909-II. 
No.  5717  E  +  F. 

Steel  Preservation. 

The  Preservation  of  Iron  and  Steel. 
Allerton  S.  Cushman.  Read  before  the  I. 
and  S.  Inst.  Examines  the  controlling 
factors  that  influence  the  causes  and  the 
cure  of  the  corrosion  of  iron,  and  the  pos- 
sible bearing  of  the  results  of  recent  re- 
search. Also  discussion.  Ills.  17000  w. 
Ir  &  Coal  Trds  Rev — May  14,  1909.  No. 
5132  A. 

Timber  Preservation. 

Wood  Preservation.  Report  of  Commit- 
tee No.  XVII  of  the  American  Railway 
Engineering  and  Maintenance  of  Way 
Association.  17000  w.  Ills.  Bui  Int  Ry 
Cong — May,    1909.     No.   5684  G. 

The  Preservative  Treatment  of  Timber 
(Trait'ement  antiseptique  des  Bois).  J. 
Vinsonneau.  Describes  the  Nestor  Mar- 
chal  process  for  the  treatment  of  soft, 
tropical  woods.  Ills.  2000  w.  Rev  Indus 
—May  I,  1909.     No.  5735  D- 

MEASUREMENT. 
Cement  Testing. 

Testing  the  Compressive  Strength  of 
Portland  Cement  (Priifung  der  Druck- 
festigkeit  von  Portlandzement).  A.  Mar- 
tens. Describes  apparatus  and  methods. 
Ills.  2000  w.  Zeitschr  d  Ver  Deutscher 
Ing — May  i,  1909.  No.  5958  D. 
Stream  Gauging. 

The    Gauging   of    Streams    by    Notch- 
Boards.     Detailed  description  of  methods. 
2200  w.  Prac  Engr — June  11,  1909.  Serial. 
1st  part.     No.  5627  A. 
Survejang. 

Phototopography,  with  Special  Refer- 
ence to  the  Alaskan  Boundary.  P.  W. 
Greene.  Describes  the  methods  of  photo- 
graphic surveying  and  their  applications. 
Ills.  Discussion.  4500  w.  Can  Soc  of  Civ 
Engrs,  Bui.  5— May,  1909.     No.  5853  N. 

Traverse  Work  in  Connection  with  the 
Triangulation  of  the  Borough  of  the 
Bronx  with  Special  Reference  to  Accurate 
Measurement  with  Tapes.  Edward  H. 
Holden.  Describes  the  triangulation  and 
measurement  of  distances  between  sta- 
tions. 4900  w.  Engng  Contr — June  2, 
1909.     No.   5310. 

MUNICIPAL. 
Drainage. 

The  Main  Drainage  of  London.  Ab- 
stract of  a  report  prepared  for  the  London 
County  Council  by  Maurice  Fitzmaurice, 
giving  the  history  of  drainage  systems  in 
London  as  early  as  the  reign  of  Henry 
III.  1400  w.  Engr — May  28,  1909.  No. 
5266  A. 


Critical  Canal  Profiles  (Kritische  Ka- 
nalgefiille).  Franz  Schmidt.  Discusses 
the  design  of  drainage  canals  to  prevent 
accumulations  of  sediment.  Ills.  2300  w. 
Gesundheits-Ing — May  22,  1909.  No. 
5798  D. 

The  Formation  of  Sulphuric  Acid  in 
Nature  and  Some  of  its  Effects  on  Drain- 
age and  Water  Supply  Problems  (Bildung 
von  Schwefelsiiure  in  der  Natur  und 
einige  Folgeerscheinungen  namentlich  auf 
dem  Gcbiete  der  Stadteentwasserung  und 
Wasserversorgung).  Herr  Bredtschneider. 
Discusses  its  effects  on  structural  mate- 
rials. Serial,  ist  part.  7000  w.  Gesund- 
hcits-Ing — May  i,  1909.  No.  5796  D. 
Malvern,  England. 

Works  of  a  Municipal  Nature  in  Mal- 
vern, Eng.  William  Osborne  Thorp.  Il- 
lustrates and  describes  the  various  under- 
takings. 6000  v,^.  Surveyor — Juae  4,  1909. 
Serial.  1st  part.  No.  5514  A. 
Roads. 

The  First  International  Road  Congress 
at  Paris  in  October,  1908;  What  Led  Up 
to  It;  Its  Deliberations;  and  Its  Re- 
sults. Austin  B.  Fletcher.  Relates 
mostly  to  macadam  roads  and  motor 
vehicles.  Ills.  12500  w.  Jour  Assn  of 
Engng  Socs — April,  1909.     No.  5841  C, 

Extraordinary  Traffic  and  Heavy 
Weights  on  Roads.  W.  H.  Schofield. 
Read  before  the  Road  Conference.  Dis- 
cusses damage  by  heavy  motor  vehicles. 
Serial,  ist  part.  2500  w.  Surveyor — May 
28,  1909.     No.  5453  A. 

Extraordinary  Traffic  in  its  Legal 
Aspect.  W.  Joynson-Hicks.  Paper  read 
before  the  Road  Conference.  Deals  with 
heavy  and  motor  traffic.  2400  w.  Sur- 
veyor— May  28,  1909.     No.  5452  A. 

Concrete  Roadways.  Charles  W.  Ross. 
Second  Prize  article  in  contest  of  Ass'n 
of  American  Portland  Cement  Manufac- 
turers. Describes  the  use  of  concrete  in 
road-making,  construction  of  curbing  and 
sidewalks,  bridges,  walls,  etc.  Ills.  6000 
w.     Can  Engr — June  4,  1909.     No.  5390. 

Instructions  for  Making  Macadam 
Roads  Without  Steam  Roller.  A.  N. 
Johnson.  From  Bui.  No.  4,  111.  High- 
way Con.  Directions  for  the  work.  2500 
w.  Munic  Engng — June,  1909.  No.  5559  C. 

Systematic  Patching  of  Macadamized 
Roads  with  a  Specially  Designed  Steam 
Roller  and  Water  Tank.  J.  S.  Pickering. 
Paper  read  at  the  Roads  Conference 
v^hich  described  a  special  roller  and 
method.  1540  w.  Engng-Contr — June  2, 
1909.     No.   5307. 

Experiments  on  Bituminized  Macadam 
Pavements.  Deals  with  experiments  made 
at  Newton,  Mass.  2500  w.  Munic  Engng 
— June,   1909.     No.   5560  C. 

Tar  and  Its  Uses  as  a  Dust  Palliative. 
John  Robinson.     Deals  with  tar-spraying, 
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tar-macadam,    and    tar-matrix.      2000    w. 
Surveyor — June  4,   1909.     No.  551  q  A. 

The  Great  German  Military  Road  and 
Boulevard.  H.  Prime  Kieffer.  Illustrated 
detailed  description  of  the  construction 
of  this  road,  which  will  probably  be  the 
most  beautiful  in  the  world,  3000  w. 
Munic  Engng — June,  1909.     No.  5558  C. 

Sewage  Disposal. 

Methods  of  Sewage  Disposal.  Alexan- 
der Potter.  A  brief  discussion  of  the 
various  systems  used.  2500  w.  Munic 
Engng — June,   1909.     No,  5561  C, 

A  New  Method  of  Treating  Sewage.  K. 
Imhoff.  Illustrated  description  of  method 
of  sewage  treatment  used  in  Germany,  in 
which  deep  tanks  receive  the  sludge.  2500 
w.     Surveyor — May  21,  1909.     No.  5189  A. 

Sludge  Disposal  under  Water  and  the 
Grimm  Purification  System  (Klar- 
schlammgewinnung  unter  Wasser  und  die 
Grimmsche  Flachbecken  -  Klaranlage). 
Herr  Mierisch.  A  criticism  of  Dr.  Liib- 
bert's  paper,  with  reply  by  Dr.  Liibbert, 
Ills.  2500  w.  Gesundheits-Ing — May  29, 
1909.     No.  5799  D. 

Special  Features  of  the  Travis  Hydro- 
litic  System  of  Sewage  Tanks  Being  Con- 
structed at  Norwich.  Arthur  E.  Collins. 
Read  before  the  Royal  Sanitary  Institute. 
Describes  the  formation  and  elimination 
of  matters  deposited  from  sewage.  5100 
w.    Surveyor — May  28,  1909.     No.  5451  A, 

The  Disinfection  of  Sewage.  From  the 
U.  S.  Geol.  Survey  paper  No.  229,  by 
Prof.  Earle  B.  Phelps,  discussing  results 
of  recent  in\restigations.  2500  w.  Eng. 
Rec — May   29,    1909.     No.   5146. 

Waterbury  Sewage  and  Its  Septic  Ac- 
tion. William  Gavin  Taylor.  Gives  results 
of  a  comprehensive  study  of  the  charac- 
teristics of  the  sewage,  it's  behavior  under 
septic  action,  its  purification,  &c.  5000  w. 
Eng  News — June  3,  1909.    No.  5217. 

Subsurface  Distribution  in  Percolating 
Sewage  Filters.  Wm.  Gavin  Taylor.  De- 
scribes tests  made  at  the  Waterbury, 
Conn.,  sewage  disposal  works.  Ills.  2000 
w.     Eng  Rec — June  5,  1909.     No    5281. 

Some  Sewage  Purification  Problems  in 
Wisconsin.  G.  J.  Davis,  Jr.  States  the 
present  conditions  and  some  of  the  prob- 
lems needing  solution.  Ills.  2500  w.  Wis 
Engr — June,   1909.     No.   5693  D. 

See  also  Harbor  Pollution,  under 
Waterways  and  Harbors. 

Sewers. 

The  Extension  of  the  Glaise  Creek 
Sewer  in  St.  Louis.  Illustrated  detailed 
description  of  the  construction.  2500  w. 
Eng   Rec — June   12,    1909.     No.   5488. 

A  Large  Reinforced  Concrete  Sewer. 
Methods  and  cost's  of  construction  of  a 
large  section  of  sewer  in  the  Northern 
part  of  St.  Louis,  2300  w,  Eng  Rec — 
June  5,  1909.     No,  5282, 


Sewer  Work  in  Louisville,  Ky.  Illus- 
trated account  of  extensive  work  in  pro- 
gress, including  an  outfall  sewer  of  rein- 
forced concrete,  2000  w,  Munic  Jour  &; 
Engr — June  23,  1909.     No,  5818. 

The  Sewerage  System  of  Sail  Lake 
City.  L.  H.  Krebs.  Plan  and  description 
of  the  separate  system  in  use,  3500  w. 
Jour  Assn  of  Engng  Socs — April,  loo*:^. 
No.  5842  C. 
Sewer  Trenches. 

Comment's  on  methods  of  Excavating 
Trenches  and  Ditches.  First  instalment 
of  a  series  of  articles  which  will  discuss 
methods  and  costs.  Ills.  2150  w,  F.ngng- 
Contr — June  2,  1909.  No.  5306. 
Swimming  Pool. 

A  Water  Works  Swimming  Pool.  Wil- 
lis B.  Durlin.  Describes  the  public  swim- 
ming pool  at  the  pumping  station  in  Erie. 
Pa.  Ills.  1500  w.  Pro  Am  W-Wks  Assn 
— 1908.     No.  5949  N. 

WATER  SUPPLY. 
Accounting. 

Some  Suggestions  Relating  to  Uni- 
formity in  the  Accounts,  Financial  Re- 
ports and  Statistics  of  Water  Works. 
Albert  H.  Wehr.  12000  w.  Am  W-Wks 
Assn — June,  1909.     No.  5902  N. 

Useful  Uniform  Accounts  and  Reports 
of  Water-Supply  Systems.  L.  G.  Powers. 
A  discussion  of  Mr.  Wehr's  paper.  3300 
w.  Am  W-Wks  Assn — June,  1909.  No. 
592ri  N, 
Aqueducts. 

See   Washington,   D,    C,   under  Water 
Supply. 
Artesian  Wells. 

Artesian  Waters  of  the  Atlantic  Coastal 
Plain.  Myron  L.  Fuller.  Illustrates  and 
describes  the  geologic  development, 
sources  of  artesian  waters,  their  quality, 
temperature  and  related  characteristics. 
8000  w.  Pro  Am  W-Wks  Assn — 1908, 
No,  5939  N,  . 
Coolgardie. 

Coolgardie  (W.  A.)  Water  Scheme.  R. 
J.  Vincent.  Read  before  the  Engrs'  Assn., 
N,  S.  W,  Illlustrated  detailed  descrip- 
tion of  the  government  water  supply 
scheme,  4000  w,  Aust  Min  Stand — May 
19,  1909.  Seiial.  1st  part.  No,  5825  B, 
Copenhagen. 

Copenhagen  Water  Supply.    William  P, 
Mason.     Illustrated  description  of  a  deep 
well    supply.     700   w.      Pro    Am   W-Wks 
Assn — 1908.     No.  5931  N. 
Dams. 

The  Design  of  Emergency  Movable 
Dams  for  Canal  Locks.  Letter  from  H. 
G.  Tyrrell  giving  illustrations  and  descrip- 
tion of  the  safety  dams  at  Sault  Ste. 
Marie,  1700  w,  Eng  News — June  24, 
1909.     No.  5867. 

Turning  the  Colorado  River  and  Com- 
pleting   the    Laguna    Dam,    Arizona-Cali- 
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fornia.  Edwin  D.  Vincent.  Illustrated 
detailed  description  of  the  work  of  clos- 
ing the  Colorado  River  and  the  building 
of  the  sluiceways.  2500  w.  Eng  News — 
June  10,1909.     No.  5459. 

See  also  Reservoirs,  under  Water  Sup- 
ply. 
I»istribution. 

Cheap  Transportation  and  Delivery  of 
Public  Water  Supply.  H.  C.  Heermans. 
Gives  a  bulletin  to  consumers,  issued  by 
the  company  at  Hoquiam,  Washington, 
with  remarks.  1500  w.  Am  W-Wks  Assn 
— June,  1909.  No.  5923  N. 
Ditches. 

The  Vaucouleurs  Regulating  Trench  of 
the  Marne-Saone  Canal  (Rigole  d'Ali- 
mentation  du  Canal  de  la  Marne  a  la 
Saone  dite  de  Vaucouleurs).  MM.  Suquet 
and  Changey.  Illustrated  detailed  descrip- 
tion. 1 1 500  w.  Ann  d  Fonts  et  Chaussees 
— 1909-II.  No.  5714  E  -}-  F. 
Filtration. 

The  Efficiency  of  the  American  Process 
of  Water  Filtration.  James  M.  Caird. 
Illustrates  and  describes  various  plants, 
explaining  methods  by  which  the  waters 
are  treated  and  the  results.  14000  w.  Pro 
Am  W-Wks  Assn — 1908.    No.  5943  N. 

Some  Results  Obtained  by  the  Applica- 
tion of  Hypochlorite  of  Lime  on  Mechan- 
ical and  Slow  Sand  Filters  and'  Method  of 
Controlling  Coagulant  and  the  Operatioij 
of  the  Orifice  Boxes.  A.  E.  Walden.  Ills. 
1500  w.  Am  W-Wks  Assn — June,  1909. 
No.  5909  N. 

Rate  Controller  of  the  Cincinnati  Fil- 
ters. Illustrated  description  of  this  design, 
which  is  really  a  balanced  valve  for  regu- 
lating the  discharge.  2000  w.  Eng  Rec — 
June  19,  1909.    No.  5622. 

New  Orleans  Water  Filtration  Plant. 
J.  W.  Armstrong.  Illustrated  detailed 
description.  3500  w.  Munic  Jour  &  Engr 
— June  2,  1909.     No.  5204. 

The  Cost  of  Five  Slow  Sand  Filter 
Plants — Four  small  and  one  large.  Data 
from  installations  at  Ashland,  Wis.,  Ber- 
wyn,  Pa.,  Nyack,  N.  Y.,  Superior,  Wis., 
and  Washington,  D.  C.  3500  w.  Engng- 
Contr — June  2,  1909.     No.  5315. 

See    Contractors'    Plants,    under    Con- 
struction ;  and  Washington,  D.  C,  under 
Water  Supply. 
Fire  Protection. 

Fire  Protection  for  San  Francisco. 
Gives  details  of  the  high-pressure  system 
and  of  the  100  fire  cisterns  to  provide 
against  damage  by  earthquakes.  Ills. 
2500  w.  Munic  Jour  &  Engr — June  16, 
1909.     No.  5497. 

Liability  of  Water  Companies  for  Fire 
Losses.  Chester  R.  McFarland.  States 
cases  where  Kentucky,  North  Carolina  and 
Florida  held  water  companies  liable.  Also 
other  cases.  3000  w.  Am.  W-Wks  Assn 
— June,  1909.     No.  5908  N. 

ff^f  sulyply  copies  of  thc^e 


Government  Control. 

Wisconsin  Public  Utility  Law :  Its 
Operation  and  Results.  Charles  B.  Sal- 
mon. States  the  important  pro.  isions,  dis- 
cussing their  value.  2500  w.  Am  W-Wks 
Assn — June,  1909.  No.  5912  N. 
Ground  Waters. 

Underground  Water  in  Slate  and  vShale. 
Frederick  G.  Clapp.  Gives  information 
showing  that  successful  wells  are  frequent 
in  slate  formations.  Ills.  3500  w.  Eng 
Rec — June  12,  1909.  No.  5489. 
Irrigation. 

The  American  Desert  and  Its  New 
Water  Works.  Arthur  P.  Davis.  Brief 
illustrated  account  of  the  large  irrigation 
projects  in  arid  areas  of  the  United 
States.  1200  w.  Pro  Am  W-Wks  Assn 
— 1908.    No.  5944  N. 

Stray  Notes  on  Engineering  Matters  in 
Egypt.  J.  C.  Larminie.  Illustrated  re- 
view of  works,  including  the  Esna  barrage 
and  the  Aswan  reservoir  and  dam.  2000 
w.  Pub  Works — Jan-March,  1909.  No. 
5646  D. 
Long  Island. 

The  Sources  of  and  the  Methods  of 
Developing  Long  Island  Water  Supplies. 
Abstract  of  a  paper  by  A.  S.  Farmer  be- 
fore the  Municipal  Engineers  of  the  C'ly 
of  New  York.  Describes  geologic  condi- 
tions and  development  of  wells.  Ills.  7700 
w.  Engng-Contr — June  2,  1909.  No.  S30C-. 
Meters. 

The  Premier  Meter.  Arthur  S.  Tultle. 
Illustrates  and  describes  a  precise  appara- 
tus for  measuring  the  flow  if  wati^r  in 
large  mains.  5000  w.  Pro  Am  W-Wks 
Assn — 1908.     No.  5937  N. 

Meters  and  Meter  Rates.  W.  Volk- 
hardt.  Brief  discussion  of  this  subject. 
1000  w.  Am  W-Wks  Assn — June,  19C9. 
No.  5913  N. 

Practical  Workings  of  Detector  Meters. 
R.  J.  Thomas.  Explains  the  advantages 
of  such  meters,  especially  where  used  on 
services  intended  for  fire  protection  only. 
Discussion,  with  notes  on  Private  Fire 
Protection  by  D.  R.  Gwinn.  7500  w. 
Pro  Am  W-Wks  Assn— 1908.  No. 
5930  N. 

"Battery"      Arrangement      of      Water 
Meters.     George   E.    Booker.     Illustrated 
description,  with  discussion.     1500  w.  Pro 
Am  W-Wks  Assn— 1908.    No.  5983  N. 
Meter  Testing. 

Discussion  of  the  Probable  Errors  Due 
to  the  Apparatus  and  Gauges  Used  for 
the  Commercial  Test  of  Meters.  Nicholas 
S.  Hill,  Jr.  14800  w.  Pro  Am  W-Wks 
Assn — 1908.  No.  5932  N. 
Municipal  Ownership. 

Municipal  Ownership  in  Edmonton.  A 
Maclean.  A  brief  outline  of  successful 
municipal  enterprises,  including  water- 
works. 1700  w.  Am  W-Wks  Assn — Jane, 
1909.     No.  5907  ^  • 
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Newark,  0. 

History  of  the  Water  Works  Question 
at  Newark,  Ohio.  H.  C.  Hodgkins.  A  re- 
view, with  general  discussion.  3500  w. 
Pro  Am  W-Wks  Assn— 1908.    No.  5981  N. 

Nitrogen. 

The  Significance  of  Nitrogen  in  Its 
Various  Forms  in  Water  Supply  F.  E. 
Hale.  Aims  to  emphasize  the  lack  of 
sanitary  significance  in  the  presence  of 
high  free  ammonia,  or  nitrate  in  ground 
supplies.  Discussion.  6000  w.  Pro  Am 
W-Wks  Assn— 1908.    No.  5940  N. 

Pipe  Cleaning. 

The  Necessity  of  Laying  Water  Mains 
with  the  View  of  Future  Cleaning.  George 
F.  Whitney.  A  short  paper,  introducing 
a  general  discussion.  Ills.  2800  w.  Pro 
Am  W-Wks  Assn — 1908.     No.  5933  N. 

Pipe  Corrosion. 

The  Comparative  Values  of  Various 
Coatings  and  Coverings  for  the  Preven- 
tion of  Soil  and  Electrolytic  Corrosion  of 
Iron  Pipe.  Robert  B.  Harper.  Extracts 
from  a  paper  read  before  the  111.  Gas 
Assn.  Shows  the  comparative  value  of 
various  protective  coverings,  describing 
the  tests  made.  Discussion.  10500  w. 
Pro  Age — June   15,   1909.     No.   5491. 

Note  on  the  Action  of  Water  on  Gal- 
vanized Iron.  W.  F.  Monfort.  Considers 
the  action  of  a  partially  softened  water 
upon  the  zinc  coating  of  galvanized  iron 
pipes  as  affecting  their  durability.  Ills. 
1500  w.  Pro  Am  W-Wks  Assn — 1908. 
No.  5945  N. 

Pipe  Incrustation. 

Character  and  Composition  of  the  In- 
crustation from  Discharge  Pipe  at  Quin- 
cy,  Illinois.  Edward  Bartow.  Gives 
analysis  of  the  incrustation,  and  also  of 
the  water.  General  discussion.  6000  w. 
Pro  Am  W-Wks  Assn — 1908.    No.  5934N. 

Pipe  Specifications. 

Standard  Specifications  for  Cast  Iron 
Pipe  and  Special  Castings.  Tables  and 
illustrations.  7500  w.  Pro  Am  W-Wks 
Assn — 1908.     No.  5989  N. 

Pipe  Trenches. 

See  Sewer  Trenches,  under  Municipal. 

Pollution. 

The  Sanitary  Condition  of  the  South- 
ern End  of  Lake  Michigan.  J.  Herbert 
Brewster.  A  study  of  the  pollution  of 
Lake  Michigan  and  the  condition  of  pub- 
lic wafer  supplies,  with  recommendations 
for  remedying  the  situation.  7000  w. 
Diagrams.  Am  W-Wks  Assn — June, 
1909.     No.  5904  N. 

Pumping. 

See  Pumping  Engines,  and  Pumping 
Plants,  under  MECHANICAL  ENGI- 
NEERING, Hydraulic  Machinery. 

Purification. 

The  Purification  of  Water  Supplies. 
John    J.    Flather.    Considers    methods    in 


use  in  various  cities,  their  efficiency,  cost, 
etc.  5500  w.  Minn  Engr — May,  1909. 
No.    5562    C. 

Water  Softening  or  Purification  and  Its 
Saving.  M.  Miller.  Considers  methods, 
results,  cost's,  etc.  Ills.  3500  w.  Am 
W-Wks  Assn — June,   1909.     No.   5910  N. 

The  Sterilization  Plant  of  the  Jersey 
City  Water  Supply  Company  at  Boonton, 
N.  J,  J.  L.  Leal.  Describes  the  process 
of  water  purification.  3500  w.  Am  W- 
Wks  Assn — June,  1909.     No.  5918  N. 

Description  of  Methods  of  Operation 
of  the  Sterilization  Plant  of  the  Jersey 
City  Water  Supply  Company  at  Boonton, 
N.  J.,  and  Discussion  of  Results  of 
Analysis  of  Raw  and  Treated  Water, 
with  notes  on  the  Cost  of  the  Treat- 
ment. George  A.  Johnson.  3000  w.  Am 
W-Wks  Assn — June,   1909.     No.   5920  N. 

The  40,000,000  Gal.  Disinfecting  Plant 
of  the  Jersey  City  Water  Supply  Com- 
pany, at  Boonton,  N.  J.  Abstracts  of  three 
papers  presented  to  the  Am.  W-Wks. 
Assn.,  at  Milwaukee,  June,  1909.  J.  L. 
Leal  gives  the  history  of  the  plant; 
George  W.  Fuller  the  nature  of  the  pro- 
cess;  George  A.  Johnson  the  operation  of 
the  plant.  Ills.  6000  w.  Eng  News — 
June  24,  1909.     No.  5868. 

Description  of  the  Process  and  Plant 
of  the  Jersey  City  Water  Supply  Com- 
pany for  the  Sterilization  of  the  Water 
of  the  Boonton  Reservoir.  George  W. 
Fuller.  Outlines  the  more  important  de- 
tails. 4500  w.  Am  W-Wks  Assn — June, 
1909.    No.  5919  N. 

See  also  Concrete,  under  CIVIL  EN- 
GINEERING,   Construction. 

Rates. 

Water  Rates  Charged  in  375  Cities. 
D.  R.  Gwinn.  Gives  a  statement  of 
rates,  with  the  object  of  showing  that 
the  average  report  gives  no  accurate 
information  in  regard  to  cost  of  water 
furnished.  Discussion.  9000  w.  Pro 
Am    W-Wks    Assn— 1908.      No.    5Q35    N. 

Water  Meter  Rates.  George  B.  Bas- 
sett.  Explans  method  of  adjusting 
rates.  2500  w.  Pro  Am  W-Wks  Assn 
— 1908.     No.  5985  N. 

What  Would  Be  a  Proper  Charge  for 
a  Service  Under  These  Conditions.  S. 
C.  Robinson.  A  statement  of  the  con- 
ditions, with  discussion.  6.=;oo  w.  Pro 
Am    W-Wks    Assn — 1908.     No.    5982   N. 

Collection  of  Rates.  Thomas  Stone. 
Explains  methods  adopted  at  Greenville, 
Pa.  1200  w.  Pro  Am  W-Wks  Assn — 
1908.     No.  5942  N. 

See    also    Meters,    under   Water    Sup- 
ply. 
Reservoirs. 

The  Principal  Reservoirs  and  Dams 
of  the  World.  Arthur  Lakes.  Discus- 
sion of  various  types  of  dams  and  not- 
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able  examples.     Ills.     3000  w.     Min  Wld 
—June  5,   1909.     No.  5376. 

Methods  Used  in  Preliminary  Work 
on  Catskill  Reservoirs  for  a  500-Million 
Gallon  Daily  Supply  for  the  City  of 
New  York.  J.  S.  Langthorn.  A  full 
report  of  this  work,  with  plans,  maps, 
illustrations  and  short  discussion.  75,- 
000  w.  Pro  Brooklyn  Engrs'  Club,  No 
79—1908.     No.   5870  F  +  F. 

Run-Off  of  Some  Representative 
Streams  of  the  United  States.  M.  T. 
Rogers  and  H.  U.  Ransom.  Gives  re- 
sults of  a  study  of  stream-flow  and  run- 
off in  different  parts  of  the  United 
States.  Diagrams.  4000  w.  Harvard 
Engng   Jour — June,    1909.      No.    5990    D. 

Selection. 

The  Selection  of  a  Water  Supply. 
Henry  N.  Ogden.  Suggestions  of  im- 
portance in  determining  the  quantity, 
cost  and  quality.  3000  w.  Pro  Am 
W-Wks   Assn— 1908.     No.   5986   N. 

Softening. 

Water  Treatment  by  Electricity.  Ab- 
stract of  a  paper  by  J.  L.  Campbell  be- 
fore Am.  Ry.  Engineering  and  Mainten- 
ance of  Way  Assn.,  describing  experi- 
ments in  reducing  the  hardness  of  water 
by  electricity.  850  w.  Elec  Age — May. 
1909.     No.    5430. 

Standpipes. 

See   Tanks,   under   Water    Supply. 

Staten  Island. 

Acquisition  by  New  York  City  of  the 
Larger  of  Two  Water  Systems  of 
Staten  Island.  Louis  L,  Tribus.  An 
account  of  water  supply  of  the  island 
and  matters  related,  giving  tables  and 
illustrations.  3000  w.  Am  W-Wks 
Assn — June,    1909.      No.    5926    N. 

Tanks. 

Water  Storage  in  Elevated  Tanks  and 
Stand  Pipes.  H.  E.  Horton.  Considers 
the  use  and  advantage  of  elevated  tanks 
and  stand  pipes.  Discussion.  Ills.  6500 
w.  Jour  W  Soc  of  Engrs — June,  1909. 
No.  5S80  D. 

Washington,  D.  C. 

The  Aqueduct  System  and  Filtration 
Plant  of  Washington,  D.  C.  Francis  F. 
Longley.  Gives  the  history  and  an  il- 
lustrated description  of  the  works,  with 
costs.  5500  w.  Pro  Am  W-Wks  Assn 
—1908.     No.   5984  N. 

Water  Works. 

The    American    Water-Works   Associa- 
tion.     Abstracts    of    the    papers    read    at 
the    Milwaukee    convention.    ;  33800    w. 
Eng   Rec — June   19,    1909.     No.   5624. 

Water  Works  of  the  United  States. 
Information,  tabulated  data,  and  sta- 
tistics from  350  plants.  9500  w.  Munic 
Jour  &  Engr — June  2,  1909.  No.  5205. 
Competitive  Water  Works.  Charles 
R.  Henderson.  Considers  instances  of 
competition  in  the  business  of   supplying 

We  supply  copies   of  these 


municipalities  with  water.  Discussion. 
3000  w.  Pro  Am  W-Wks  Assn— 1908. 
No.   5980   N. 

Ownership  of  Public  Utilit'es.  C.  W. 
Wiles.  Short  paper,  introducing  gen- 
eral discussion.  2800  w.  Pro  Am  W- 
Wks  Assn — 1908.     No.   5947  N. 

WATERWAYS  AND  HARBORS. 
Canals. 

_  The    Canals    of    Canada.      Gives    sta- 
tistics   relating    to    cost    of    construction, 
some    traffic    comparisons,    etc.      1000    w. 
Can    Engr — June    18,    1909.     No.    561 1. 
Coast  Erosion. 

Erosion  of  the  Coast  and  Its  Pre- 
vention. F.  W.  S.  Stanton.  An  ap- 
pendix to  previous  articles.  Deals  with 
the  Thames  estuary.  Ills.  2500  w. 
Pub  Works — Jan-March.  1909.  No. 
5644  D. 
Diving. 

See   Wharves,   under   Water   Supply. 
Ferryhouses. 

Superstructure  of  the  Liberty  Street 
Ferryhouse,  New  York.  Plans  and  de- 
scription of  this  passenger  terminal  of 
the  C.  R.  R.  of  N.  J.  1500  w.  Eng 
Rec — May  29,  1909.  No.  5147. 
Harbor  Pollution. 

The  Discharge  of  Sewage  into  Tidal 
Waters.  George  A.  Soper.  Discusses 
the  sanitary  protection  of  tidal  harbors. 
6000  w.  Sch  of  Mines  Qr — April,  1909. 
No.  5900  D. 
Lighthouses. 

The  Substructure  for  the  White 
Shoal  Light,  Lake  Michigan.  Explains 
conditions  to  be  met  in  the  construction 
of  a  lighthouse  at  the  extreme  northern 
end  of  Lake  Michigan,  and  the  methods 
adopted.  Ills.  2200  w.  Eng  Rec — 
June  12,  1909.  No.  5484. 
Locks. 

The  Accident  to  the  Lock  Gates  at  the 
Canadian  Canal,  Sault  Ste.  Marie.  Illus- 
trated account  of  the  wrecking  of  the 
lower  gates  of  the  lock  of  the  Canadian 
Canal,  on  June  9,  1909.  1200  w.  Eng 
News— June    17,    1909.      No.    5581. 

The  Accident  at  the  Canadian  Lock 
at  Sault  Ste.  Marie.  Gives  details  of 
the  accident  and  the  methods  of  closing 
the  canal,  with  illustrations.  2500  w. 
Eng   Rec— June   19,   1909.     No.   5625. 

A  Suggestion  of  a  Type  of  Lock  for 
the  New  Government  Canal  at  Sault 
Ste.  Marie — Including  a  Criticism  of  the 
Present  Poe  Lock.  George  A.  Burley. 
Map  and  Ills.  5500  w.  Eng  News- 
June  24,   1909.     No.   5865. 

See    also    Dams,    under    Water    Sup- 
ply. 
Piers. 

The  Construction  and  Consolidation 
of  Piers  at  Port  de  la  Pointe  des  Calets 
(Etude    sur    la    Construction    et   la    Con- 
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solidation  des  Jetees  du  Port  de  la 
Pointe  des  Galets).  Gaston  Bidel.  Il- 
lustrated description  of  important  work 
in  the  harbor  of  Reunion  Island.  14000 
w.  Ann  d  Ponts  et  Chaussees — 1909-IL 
No.  5715  E  +  F. 
River  Regulation. 

The  Regulation  of  the  Lech  in  Aus- 
trian Territory  (Die  LechreguHerung 
auf  osterreichischem  Gebiet'e).  H'err 
Krapf.  A  brref  description  of  the 
works  projected.  Plate  2500  w.  Oest 
Wochenschr  f  d  Oeffent  Baudienst — 
May  22,   1909.     No.  5793  D. 

San  Francisco. 

A  Great  Pacific  Harbor.  History  of 
the  harbor  of  San  Francisco,  with  notes 
on  the  new  works.  1700  w.  Pub  Works — 
Jan-March,  1909.     No.  5647  D. 

Sydney,  Australia. 

Sydney  Harbor,  New  South  Wajles. 
Information  from  the  report  of  the 
Sydney  Harbor  Trust  commission,  with 
description  of  the  general  characteristics 
of  the  port.  2000  w.  Engr,  Lond — June 
II,    1909.     No.   5635   A. 

U.   S.  Waterways. 

The  Report  Upon  the  Proposed  14-ft. 
Deep  Waterway  from  Chicago  to  New 
Orleans.  Reports  of  the  Board  appoint- 
ed by  the  U.  S.  Congress,  and  the  Gen- 
eral Board  of  Engineers  on  Rivers  and 
Harbors,  and  comment  by  General  Mar- 
shall, Also  editorial.  15000  w.  Zng 
News — June   24,    1909.     No.   5866. 

Water  Powers. 

The  Valuation  of  Water  Power  and 
the"  Estimation  of  Stream  Diversion 
Damages.  Robert  E.  Horton,  Dis- 
cusses various  phases  of  this  subject, 
giving  opinions  based  on  water  power 
litigations.  9500  w.  Am  W-Wks  Assn 
— June,   1909.     No.  5903   N. 

The  Susquehanna  River  as  a  Source 
of  Power.  Mason  D.  Pratt.  Read  be- 
fore the  Engrs'  Club  of  Central  Penn. 
A  study  of  data  and  hydrographs  with 
the  view  of  showing  some  of  the  limita- 
tions of  this  river.  4500  w.  Eng  News — 
June  10,  1909,     No.  5461. 


Wisconsin's  Water  Power  Resources. 
L.  S.  Smith.  An  illustrated  article,  giv- 
ing an  outline  of  the  undeveloped  water 
powers.  1600  w.  Wis  Engr — June,  1909. 
No.  5694  D. 

Westland's  Water  Power  Resources. 
Percy  Gates  Morgan.  Illustrated  ac- 
count of  the  important  sources  of  water 
power  in  this  part  of  New  Zealand, 
with  an  account  of  the  h.  p.  available. 
2500  w.  N  Z  Mines  Rec — April  16, 
1909.  No.  5821  B. 
Wharves. 

The  Construction  of  a  Quay  Wall  in 
Open  Water  by  Divers.  Notes  from  a 
paper  by  John  Taylor,  before  the  Can. 
Soc.  of  Civil  Engrs.,  describing  his  work 
at  Portland  Harbor.  2500  w.  Eng  Rec^ 
May  28,  1909.     No.  5150. 

MISCELLANY. 

Army  Engineers. 

Engineers  and  the  Territorials.  Dis- 
cusses the  engineer  services  of  the  Brit- 
ish Territorial  Army.  3000  w.  Engr, 
Lond — May  21,   1909.     No.   5197  A. 

Earthquakes. 

Earthquakes  in  the  Light  of  the  New 
Seismology.  Oscar  C.  S.  Carter.  Out- 
lines the  theories  advanced  concerning 
the  conditions  of  the-  earth  below  the 
surface,  studies  the  causes  of  earth- 
quakes, illustrating  and  describing  seismo- 
graphs and  their  use.  11 500  w.  Jour  Fr 
Inst — June,  1909.     No.  5806  D. 

Nicaragua. 

Labor  Conditions  on  the  Atlantic 
Coast  of  Nicaragua.  H.  D.  Mendenhall. 
Discusses  the  difficulties  involved  with 
labor  in  engineering  work  in  Central 
America  and  methods  of  dealing  with 
laborers.  3500  w.  Eng  Rec — June  5, 
1908.     No.  5278. 

Soil  Erosion. 

Opinions  of  Foreign  Engineers  on  the 
Value  of  Forests  for  Preventing  Erosion. 
Extract  from  a  paper  on  "Conservation," 
by  George  F.  Swain,  before  the  Nat.  Assn. 
of  Cotton  Mfrs.  Gives  extracts  from  re- 
ports from  different  countries,  1800  w. 
Eng  News — May  6,  1909.    No.  4524. 


ELECTRICAL  ENGINEERING. 


COMMUNICATION. 

Radiotelegraphy. 

The  Wireless  Telegraph.  W.  B.  Kou- 
wenhoven.  A  brief  explanation  of  electric 
waves  and  a  description  of  the  apparatus 
for  their  propagation.  3000  w.  Ry  &  Loc 
Engng — June,   1909.     No.   523J   C. 

Researches  in  Radiotelegraphy.  Prof. 
J,  A.  Fleming.  Lecture  before  the  Roy 
Inst.      Gives    a    summary    of    results    of 


recent  research  work.  2000  w.  Elect'n, 
Lond — June  11,  1909.  Serial,  ist  part.  No. 
5653   A. 

The  Function  of  the  Earth  in  Radio- 
telegraphy. J.  A.  Fleming.  Refers  freely 
to  the  paper  by  Dr.  J.  Zenneck,  on  "The 
Propagation  of  Plane  Electromagnetic 
Waves  Over  a  Plane  Conducting  Sur- 
face with  Reference  to  Wireless  Tele- 
graphy,"   with   added    explanations.    1500 


We  supply  copies   of  these  articles.     See  page  887. 


ELECTRICAL    ENGINEERING. 


853 


w.      Engng — June    4,    1909.      Serial.      ist 
part.     No.  553 1  A. 

Selective  Wireless  Telegraphy.  Oliver 
Lodge.  Description  of  experiments  to 
test  the  facility  and  perfection  of  tuning 
in  the  Lodge-Muirhead  system.  1800  w. 
Nature — May  27,   1909.     No.   5268  A. 

Bellini-Tosi  System.  Illustrates  and 
describes  a  method  of  directing  Hertzian 
waves.  1200  w.  Sci  Am  Sup — June  12, 
1909.     No.   5405. 

A  New  System  of  Wireless  Telegraphy 
Used  by  the  Telefunken  Company.  Count 
Arco.  Explains  the  practical  and  tech- 
nical advantages  of  this  new  system. 
2500  w.  Elec  Rev,  N  Y —  May  29,  1909. 
No.  5166. 

The  New  Telefunken  Telegraph.  Count 
Arco.  Describes  a  combination  of  the 
arc  and  spark  systems.  3000  w.  Sci  Am 
Sup — June  19,  1909.     No.  5585. 

The  Telefunken  or  Quenched  Spark 
Discharger.  J.  A.  Fleming.  Describes 
experiments  seeming  to  prove  that  the 
operative  principles  of  the  Telefunken 
and  von  Lepel  dischargers  are  different. 
900  w.  Elect'n,  Lond — June  11,  1909. 
No.   5650  A. 

Note  on  Horizontal  Receivers  and 
Transmitters  in  Wireless  Telegraphy.  H. 
M.  Macdonald.  Read  before  the  Roy. 
Soc.  Considers  the  theory  of  such  an 
arrangement.  1200  w.  Elect'n,  Lond — 
June  4,  1909.     No.  5519  A. 

A  Note  on  the  Production  of  Steady 
Electric  Oscillations  in  Closed  Circuits 
and  a  Method  of  Testing  Radio-Tele- 
graphic Receivers.  J.  A,  Fleming  and  G. 
B.  Dyke.  Abstract  of  paper  before  the 
Phys.  Soc.  Describes  apparatus  at 
University  College,  London,  and  tests  on 
various  detectors.  1500  w,  Elect'n, 
Lond — May  21,    1909.     No.   5187  A. 

The  Utilization  of  the  Total  Radiation 
from  an  Inductively  Coupled  Antenna  in 
Radiotelegraphy.  J.  A.  Fleming.  Briefly 
considers  methods  of  avoiding  energy 
loss.  700  w.  Elect'n,  Lond — June  11, 
1909.     No.  5651  A. 

The  Radio-Telegraphic  Station  at  Cul- 
lercoats.  S.  M.  Sorensen.  Abstract  of 
paper  before  the  Newcastle  Sec.  of  Inst', 
of  Elec.  Engrs.  Describes  the  construc- 
tion and  working  of  a  spark  system.  2400 
w.  Elect'n,  Lond — June  4,  1909.  No. 
5516  A. 
Radiotelephony. 

Improvements  in  the  De  Forest  System 
of  Wireless  Telephony.  Walter  Kendall. 
Illustrates  and  describes  recent  develop- 
ments, especially  the  installations  of  the 
Great  Lakes  Radio-Telephone  Co.  1500 
w.  Sci  Am — June  19,  1909.  No.  5582. 
Submarine  Cables. 

The  New  Victoria  and  Tasmania  Tele- 
graph Cables.     Description    of    the    first 


cables  laid  for  the  Commonwealth  gov- 
ernment connecting  Flinders  Bay,  Vic- 
toiia,  and  East  Bay,  Low  Head,  Tas- 
mania. Ills.  800  w.  Elec  Engng — May 
27,  1908.  No.  5415  A. 
Telautograph. 

The  Telautograph  in  Steel   Mills.  Illus- 
trates and  describes  applications.    2000  w. 
Ir  Trd  Rev — June   17,   1909.     No.   5586. 
Telephony. 

Neutralizing  Transformers  for  Tele- 
phone Lines  Paralleling  Single-Phase 
Electric  RaiUvays.  Abstract  of  article 
by  J.  H,  Cannon,  in  Purdue  Eng.  Rev., 
describing  the  methods  of  eliminating 
disturbances  in  the  telephone  lines  para- 
lelling  N.  Y.,  N.  H.  &  H.  single  phase 
system.  Ills.  850  w.  Ry  &  Engng  Rev 
—June  5,  1909.  No.  5371. 
Telephotography. 

Belin's  Improved  Apparatus  for  the 
Electrical  Transmission  of  Pictures. 
Jacques  Boyer.  Illustrated  description  of 
this  improved  apparatus  for  the  trans- 
mission of  drawings  and  pictures.  1700 
w.  Sci  Am — June  12,  1909.  No.  5382. 
DISTRIBUTION. 
Condensers. 

Some  Tests  and  Uses  of  Condensers. 
W.  M.  Mordey.  Discusses  whether  con- 
densers can  be  used  commercially  in  com- 
petition with  over  excited  synchronous 
motors  for  the  improvement  of  power 
factor  in  distribution.  Also  discusses  use 
of  condensers  to  extinguish  arcs.  Read 
before  Institution  of  Elec.  Engrs.  Dis- 
cussion. 6300  w.  Elect'n,  Lond — May 
28,  1909.  No.  5269  A. 
Current  Rectifiers. 

The  Constant  Current  Mercury  Arc 
Rectifier.  Charles  J.  Mundo.  Description 
of  such  a  set,  explaining  its  operation. 
Diagrams.  2200  w.  Harvard  Engng 
Jour— June,  1909.  No.  5993  D. 
Wiring. 

See  Signalling,  under  RAILWAY  EN- 
GINEERING, Conducting  Transporta- 
tion. 

DYNAMOS  AND   MOTORS. 
A.  C.  Dynamos. 

Calculation  of  Iron  Losses  in  Dynamo 
Electric  Machinery.  G.  E.  Hansscn.  Ex- 
plains a  method  of  predetermining  the 
total  iron  loss.  Ills.  1500  w.  Pro  Am  Inst 
of  Elec  Engrs — June,  1909.  No.  5832  F. 
Comparative  Costs  of  25-Cycle  and  60- 
Cycle  Alternators.  Carl  J.  Fechheimer. 
Aims  to  eliminate  as  far  as  possible  the 
variables  encountered  in  analyzing  con- 
ditions affecting  cost.  2000  w.  Pro  Am 
Inst    of    Elec     Engrs — June,     1909.       No. 

5833  F. 

"Phasing"  Alternating  Current  Gener- 
ators, F.  J.  Foote.  Gives  curves  ex- 
plaining principles  involved.  1500  w. 
Power— June   15,   IQOQ-     No.   5494. 
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Alternator  for  One  Hundred  Thousand 
Cycles.  E.  F.  W.  Alexanderson.  Briefly 
reviews  the  history  of  the  high-frequency 
alternator,  and  describes  features  of  a 
recent  machine.  Ills.  2500  w.  Pro  Am 
Inst    of     Elec     Engrs — June,     1909.      No. 

5837   F. 
A.  C.  Motors. 

Reduction  in  Capacity  of  Poiy4)hase 
Motors  Due  to  Unbalancing  in  Voltage. 
S.  B.  Charters,  Jr.,  and  W.  A.  Hille- 
brand.  Reports  a  series  of  tests  to  deter- 
mine their  performance  under  'other  than 
ideal  conditions.  2500  w.  Pro  Am  Inst 
of  Elec  Engrs — June,   1909.     No.   5831   F. 

A  Simple  Method  of  Deriving  the  Hey- 
land  and  Ossanas  Circle  Diagram  (Ueber 
eine  einfache  Ableitung  des  Heylandschen 
und  Ossanaschen  Kreises).  W.  Rogowski. 
Mathematical.  Ills.  2100  w.  Elektro- 
tech  u  Maschinenbau — May  30,  1909.  No. 
5960  D. 
Armature  Cooling. 

Radial  Cooling  of  Dynamo  Armatures 
(Ueber  die  radiale  KiJhlung  von  Dyna- 
moankern).  G.  Ossanna.  A  mathematical 
discussion  of  its  possibilities.  Ills.  2100 
w.  Elektrotech  u  Maschinenbau — May 
23,  1909.  No.  5956  D. 
Armature  Reactions. 

Experimental  Analysis  of  Armature 
Reaction.  Dr.  Gisbert  Kapp.  Abstract 
of  a  communication  to  the  Inst,  of  Elec. 
Engrs.  Describes  two  tests  for  separat- 
ing the  reactance  voltage  and  the  drop 
produced  by  armature  back  excitation  in 
a  polyphase  armature.  2500  w.  Elect'n, 
Lond — June  4,  1909.  No.  5517  A. 
Automobile  Motor?, 

See    Electric,     ander     MECHANICAL 
ENGINEERING,   Automobiles. 
Induction  Motors. 

The  Heating  of  Induction  Motors.  A. 
Miller  Gray.  Shows  the  limitations  im- 
posed on  the  designer  of  induction  motors 
by  the  heating  of  the  machine,  and  how 
this  heating  may  be  predetermined.  3000 
w.  Pro  Am  Inst  of  Elec  Engrs — June, 
1909.  No.  5834  F. 
Interpoles. 

Interpole  Designs.  W.  B.  Hird.  Read 
before  the  Glasgow  Sec.  of  the  Inst,  of 
Elec.  Engrs.  Explains  the  principle  of 
all  interpole  designs,  discussing  their  use. 
General  discussion.  6000  w.  Elec  Engr, 
Lond— May  21,  1909.  No.  5184  A. 
Railway  Motors. 

Oerlikon  Alternating-Current  Railway 
Motors  and  Their  Effects  on  Telephone 
Systems.  Dr.  Behn-Eschenburg.  Gives 
results  of  general  interest  in  single- 
phase  traction,  showing  how  difficulties 
have  been  overcome.  2500  w.  Elect'n, 
Lond— May  21,  1909.  No.  51S6.  A. 
Repulsion  Motors. 

Repulsion  Motor  With  Variable  Speed 
Shunt    Characteristics      E     F.   W.    Alex- 


anderson. Presents  the  general  princi- 
ples of  a  theory  for  the  a.  c.  shunt 
motors.  Diagrams.  2000  w.  Pro  Am 
Inst  of  Elec  Engrs — June,  1909.  No. 
5836  F. 
Synchronous  Motors. 

Self-Starting  Synchronous  Motors. 
Jens  Bache-Wiig.  An  illustrated  explana- 
tion of  the  starting  performance  of  such 
motors.  2000  w.  Elec  Jour — June,  1909. 
No.   5548. 

ELECTRO-CHEMISTRY. 
Corrosion. 

The  Electrolytic  Theory  of  the  Corro- 
sion of  Iron  and  Its  Applications.  Wil- 
liam H.  Walker.  Read  before  the  I.  and 
S.  Inst.  Explains  this  theory,  showing 
that  it  includes  the  carbonic  acid  theory, 
and  points  out  practical  applications.  Ills. 
4500  w.  Ir  &  Coal  Trds  Rev — May  14, 
1909.  No.  5135  A. 
Nitrogen. 

The  Fixation  of  Atmospheric  Nitrogen 
(Der  gegenwartige   Stand   der   Stickstoff- 
frage).    L.    Max    Wohlgemuth.      A    brief 
review  of  the  present  state  of  the  indus-      m 
try,   the   products,   etc.     2700  w.    St'ahl   u     P 
Eisen — May   19,   1909.     No.  5749  D. 

Utilization  of  Atmospheric  Nitrogen 
Particularly  for  the  Manufacture  of  Air- 
Saltpetre.  Dr.  A.  Beruthsen.  Abstract 
of  a  paper  read  at  the  Int.  Cong,  of  Am. 
Chem.  Deals  especially  with  the  appli- 
cation and  methods.  3000  w.  Elect'n, 
Lond — June  11,  1909.     No.  5652  A. 

The  Manufacture  of  Nitrates  from  the 
Atmosphere  by  the  Electric  Arc — Birke- 
land-Eyde  Process.  Sam  Eyde.  De- 
scribes power  station  and  plant  for  work- 
ing this  process  at  Notodden.  Ills.  5200 
w.  Jour  Soc  Arts — May  28,  1909.  No. 
5406  A. 

The  Process  of  the  Badische  Company 
for  the  Fixation  of  Atmospheric  Nitro- 
gen. Abstract  of  a  paper  before  the  Ber- 
lin Electrical  Society  by  Dr.  Schoenherr, 
describing  the  special  type  of  electrical 
furnace  and  m.ethods  now  employed. 
Ills.  2700  w.  Elec-Chem  &  Met  Ind — 
June,  1909.  No.  5344  C. 
Water  Electrolysis. 

A  New  Electrolyzer.  Describes  a  new 
type  of  Electrolyzer  designed  to  furnish 
oxygen  and  hydrogen  at  high  pressure 
for  industrial  work  and  capable  of  being 
used  with  either  high  or  low  current. 
Ills.  3000  w.  Sci  Am  Sup — June  5, 
1909.     No.  5314- 

ELECTRO-PHYSICS. 
Electrons. 

The  Electron  Theory  of  Currents  and 
their  Properties  (Theorie  electronique 
des  Courants  et  de  leurs  Proprietes).  H. 
Pellat.  A  general  explanation  of  the  elec 
tron  theory.  5000  w.  Bui  Soc  Int  des 
Elecns— May,  1909.     No.  5718  F. 
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Hysteresis. 

Differential  Ballistic  Methods  of  Meas- 
uring Hysteresis  Losses.  R.  Beattie  and 
P.  M.  Elton.  Describes  a  method  that  is 
quick  in  operation  and  has  the  advantage 
that  it  refers  to  short  test  pieces.  3000 
w.  Elect'n,  Lond — June  4,  1909.  Serial. 
I  St  part.  No.  5518  A. 
Magnetic  Properties. 

Silicon  and  its  Influence  on  the  Electric 
and  Magnetic  Properties  of  Iron.  Dis- 
cussion of  various  researches  made  w^ith 
silicon  and  silicon  alloys.  2600  w.  Engng 
— May  28,  1909.  No.  5262  A. 
Radioactivity. 

Radioactivity  in  Geology  and  in  the 
Atmosphere  (La  Radioactivite  en  Geol- 
ogie  et  dans  I'Atmosphere).  M.  P.  Bes- 
son.  Discusses  the  recent  progress  of 
knowledge  as  the  significance  of  radio- 
activity in  geology  and  meteorology.  Ills. 
6800  w.  Mem  Soc  Ing  Civils  de  France — 
March,  1909.     No.  5702  G. 

GENERATING  STATIONS. 
Accumulators. 

Automatic  Load  Regulation  on  Trac- 
tion Systems — An  Example  of  Successful 
Storage-Battery  Engineering.  F.  W. 
Laas.  Paper  read  before  Iowa  Electrical 
and  Railway  Association  in  which  econ- 
omy of  the  storage  battery  is  shown.  Ills. 
2700  w.  Elec  Rev,  N  Y — June  5,  1909. 
No.   5422. 

See  also  Electric  Power,  under  MAR- 
INE AND  NAVAL  ENGINEERING. 
Central  Stations. 

The  Design  and  Requirements  of  Elec- 
tric Power  Works.  Horace  Boot.  Paper 
read  before  (British)  Institution  of  Me- 
chanical Engineers.  Discusses  site,  re- 
quirements, destructors,  engines,  etc. 
Ills.  3200  w.  Surveyor — May  28,  1909. 
No.  5450  A. 

Central  Station  Design  and  Distribu- 
tion. E.  P.  Hollingdale.  Read  before  the 
Elec.  Assn.  of  N.  S.  W.  Discusses  de- 
tails of  importance  in  this  connection. 
2500  w.  Aust  Min  Stand — May  12,  1909. 
Serial,     ist  part.     No.  5824  B. 

The  Distribution  Department.  H.  F.  J. 
Thompson.  Considers  the  staff  needed  to 
secure  efficient  and  economical  working, 
the  duties,  etc.  2500  w.  Elec  Rev,  Lond 
— June  II,  1909.     No.  5648  A. 

The  Relative  Advantages  of  Recipro- 
cating Engines  and  Turbines  for  Traction 
Generating  Stations.  G.  Rizzo.  Abstract 
of  a  report  on  replies  to  questions  sent 
out,  discussing  the  boiler-house  problem, 
and  considering  the  heat  cycles  produced 
by  both  reciprocating  engines  and  tur- 
bines. 3000  w.  Elect'n,  Lond — June  11, 
1909.     No.   5649  A. 

Large  Central  Stations  in  Light-Rail- 
way Development  (Wirtschaftliche  Bc- 
deutung    grosser    Ueberlandzentralen    fiir 


die  Entwicklung  des  Klcinbahnw^sens). 
O.  Petri.  An  economic  discussion.  Ills, 
Serial,  ist  part.  1800  w.  Fllek  Kraft  u 
Balinen — May  24,  1909.     No. .3954  D. 

The  Easton  Gas  and  Electric  Com- 
pany's plant.  Edward  T.  Binns.  Descrip- 
tion of  a  large  steam  and  water  power 
electric  plant.  Ills.  1650  w.  Power — 
June  8,   1909.     No.  5320. 

System  of  the  Philadelphia  Electric 
Company.  Illustrated  account  of  the 
methods  of  generation,  distribution  and 
sale  of  electrical  energy.  5500  w.  Elec 
Wld — May  27,   1909.     No.   5224. 

New  Features  of  Central  Station  Ser- 
vice in  Chicago.  F.  H.  Bernhard.  Illus- 
trated detailed  description  of  the  three 
generating  plants,  the  transmission  sys- 
tem and  substations.  5000  w.  Elec  Rev, 
N  Y — May  29,   1909.     No.  5164. 

Power  Generating  System  and  Records 
of  the  Twin  City  Rapid  Transit  Co.  De- 
scription of  the  new  Hennepin  Island 
Power  Station,  Minneapolis,  and  recent 
additions  to  the  steam  power  station. 
Ills.  4500  w.  Elec  Ry  Jour — June  5, 
1909.     No.  5250. 

Central  Power  Plant  at  the  U.  S.  Navy 
Yard,  Charleston,  S.  C.  A.  P.  Ball.  De- 
scribes a  new  plant  replacing  several 
small  stations  and  supplied  with  two  500- 
k.  w.  turbo-generators.  Ills.  2000  w. 
Elec  Wld — June  3,  1909.     No.  5271. 

Producer  Gas-Engine  Station  at  Hoop- 
eston.  111.  Describes  a  280-hp  gas  en- 
gine supplied  by  two  producers  of  the 
Munzel  type  driving  a  200  k.  w.  60  cycle, 
2300  volt  alternator.  Ills.  4000  w.  Elec 
Wld — June  3,   1909.     No.  5270. 

Operating  Features  of  the  Spy  Run 
Power  House.  M.  J.  Kehoe.  Abstract 
of  a  paper  before  the  Cent.  Elec.  Ry. 
Assn.  Gives  the  principal  features  of  the 
station  and  the  operation.  2000  w.  Elec 
Ry  Jour — June  12,   1909.     No.  5358. 

Central-Station  Practice  and  Results 
from  Waterloo,  la.  Illustrated  descrip- 
tion of  a  progressive  management.  2500 
w.     Elec  Wld — June   10,   1909.     No.  5400. 

Sydney  Municipality  Electrical  Under- 
taking. Abstract  of  report  by  Major  Car- 
dew  on  the  condition  and  extension  of 
this  large  plant.  Ills.  1500  w.  Aust  Min 
Stand — April  28,  1909.     No.  5396  B. 

Auxiliary  Steam-Driven  Electric  Sta- 
tion at  Rome,  Italy.  S.  B.  Jones.  Illus- 
trated detailed  description.  2000  w.  Elec 
Wld— June  24,  1909.     No.   5891. 

A  Twenty  Thousand  Horse-Power  Ger- 
man Municipal  Steam  Turbine  Plant. 
Frank  C.  Perkins.  Describes  the  Frank- 
fort-on-the-Main  plant.  Ills.  1350  w.  Can 
Engr — June  4.  1909.     No.  5389. 

See  also  Turbines,  under  MEGHAX- 
ICAL  ENGINEERING,  Ste.am  Engi- 
neering. 
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Economics. 

Profitable  Day  Loads  for  the  Central 
Station.  S.  A.  Fletcher.  Suggests  domes- 
tic and  commercial  applications  of  elec- 
tric current.  2200  w.  Elec  Jour — June, 
1909.     No.  5551- 

■The  Extension  of  Electric  Service  to 
Outlying  Com.munities.  Abstract  of  paper 
by  J.  S.  Knowlson,  before  Northwestern 
Electrical  Assn,  in  which  the  opportuni- 
ties for  small  as  well  as  large  generating 
stations  to  extend  their  service  are  indi- 
cated. 2400  w.  Elec  Rev,  N  Y — June  5, 
1909.  No.  5426. 
Hydro-Electric. 

The  Architecture  of  Hydro-Electric 
Stations.  Frank  Koester.  Illustrated 
discussion  of  building  designs.  2000  w. 
Cassier's      Magazine — June,      1909.        No. 

5541  B. 

A.  Farm  Hydro-Electric  Plant  Without 
Operating  Attendant.  P.  J.  O'Gara.  De- 
scription of  a  domestic  plant  automati- 
cally controlled  from  a  residence  a  quar- 
ter of  a  mile  from  the  waterfall.  Sup- 
plies power  to  a  house  and  farm  at  an 
initial  cost  of  less  than  $1,500.  Ills. 
3000  w.  Elec  Wld — June  3,  1909.  No. 
5272. 

Harnessing  the  Torrents.  Describes  the 
work  of  conserving  and  utilizing  the 
water  power  of  the  Susquehanna  and  the 
Connecticut  rivers.  Ills.  2200  w.  Pub 
Works — Jan-March,   1909.     No.  5645  D. 

Sioux  Falls  Hydro-Electric  Develop- 
ment. Simpson  Rice.  Illustrated  descrip- 
tion of  a  plant  of  interest  on  account  of 
the  provisions  made  to  take  care  of  flood 
water,  and  unusual  arrangements  and 
construction.  3000  w.  Power — June  22, 
1909.     No.  581 1. 

The  Cedar  River  Power  Development 
of  the  City  of  Seattle,  Washington. 
Louis  P.  Zimmerman.  Illustrated  detailed 
description  of  the  largest  municipal  hydro- 
electric plant  in  the  United  States.  3000 
w.     Eng  News — June  17,  1909.     No.  5574. 

The  Hennepin  Power  House  of  the  St'. 
Anthony  Falls  Water  Power  Company. 
R.  D.  Thomas.  Illustrated  description  of 
a  plant  at  Minneapolis,  which  utilizes  the 
flood  waters  of  the  Mississippi  River. 
2000  w.  Eng  Rec — May  29,  1909.  No. 
5142. 

The  New  Power  Station  of  the  Mc- 
Call  Ferry  Power  Company.  Newton 
Harrison.  Illustrated  description  of  this 
station  on  the  Susquehanna  River.  2000 
w.     Cent  Sta — June,  1909.     No.  5i=;2. 

Water  Power  Development  in  and 
About  Quebec.  Illustrated  descriptions  of 
the  three  large  power  co:ccerns  furnishing 
light  and  power  to  the  city.  4500  w.  Can 
Elec  News — June,  1909.     No.  5465  C. 

Municipal  Electric  Plant  in  Karlstadt, 
Croatia  (Das  stadtische  Elektrizitatswerk 
ia    Karlstadt',     Kroaticn).      Karl     Thien. 


Illustrated  description.  3000  w.  Elektro- 
tech  u  Maschinenbau — Alay  16,  1909.  No. 
5955  D. 

The  Burglauenen  Electric  Plant  (Das 
Elektrizitatswerk  Burglauenen).  E.  Frote. 
Illustrated  description  of  an  interesting 
Swiss  hydro-electric  plant  and  pipe  Hne. 
Serial,  ist  part.  2000  w.  Schweiz  Bau — 
May  15,  1909.     No.  5768  B. 

Regulation  and  Hydro-Electric  Works 
of  the  Skien  River,  Norway.  (Seeregu- 
lierungen  und  Wasserkraftanlagen  im 
Gebiet  des  Skienflusses  in  Norwegen). 
Herr  Dubislav.  Describes  several  inter- 
esting works.  Ills.  Serial,  ist  part.  2800 
w.  Zeitschr  f  d  Gesamte  Turbinenwesen 
—May  29,  1909.     No.  5781  D. 

Hydro-Electric  Plant  of  the  Norwegian 
Nitrogen  Products  Company  at  Svaelgfos, 
near  Notodden  (Usine  hydro-electrique 
de  la  Societe  Norvegienne  de  I'Azote,  a 
Svaelgfos,  pres  Notodden,  Norvege).  Sam 
Eyde  and  S.  Kloumann.  Illustrated  de- 
scription of  a  plant  generating  energy  for 
the  nitrate  works.  Serial,  ist  part.  5000 
w.  Genie  Civil — May  15,  1909.  No.  5739  D. 

The  Svalgfos  Electric  Plant  of  the 
Norwegian  Nitrogen  Products  Company 
at  Notodden,  Norway  (Das  Kraftwerk 
Svalgfos  der  Norsk  hydro-elektrisk 
Kvalstofaktieselskab  bei  Notodden  in 
Norwegen).  Sam  Eyde  and  S.  Klou- 
mann. Illustrated  description.  Serial. 
1st  part.  5000  w.  Zeitschr  d  Ver 
Deutscher  Ing — May  i,  1909.  No.  5957  D. 

See  also   Central   Stations,  under  (jEN- 
ERATiNG  Stations. 
Isolated  Plants. 

The  Relation  Between  Engine-Room 
and  School-Room,  and  How  to  Attain  It. 
Discussion  of  the  operation  of  the  iso- 
lated plant  and  the  proposed  plan  to  re- 
quire two  years'  actual  service  before  ad- 
mitting a  young  man  to  apprenticeship. 
1300  w.  Elec  Age — May,  1909.  No. 
5428. 

Alternating-Current  Industrial  Power 
Plants.  Warren  H.  Miller.  Discusses  the 
application  of  alternating  current  to  a 
manufacturing  plant,  showing  what  can 
be  done  in  even  a  small  installation.  Ills. 
3500   w.     Elec   Wld — June   3,    1909.     No. 

5273- 
Operation 

Operating  Features  of  Various  Gener- 
ating Systems.  Illustrated  detailed  de- 
scription of  the  efficient  organization  of 
operating  forces  and  control  of  appa- 
ratus in  emergencies.  17000  w.  Elec  Wld 
— May  27,   1909.     No.  5225. 

LIGHTING 
Illumination. 

Why  Laboratory  Efficiency  of  a  Light 
Source  Differs  From  Efficiency  of  Il- 
lumination. A.  L.  Eustice.  Shows  that 
illumination    efficiency    depends    on    con- 
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ditions  as  well  as  on  the  individual 
source  of  light.  1500  w.  Elec  Rev,  N  Y 
— May  29,  1909.     No.  5167. 

Illumination  Cost  Factors.  Max  Harris. 
Explains  methods  used  in  figuring  cost 
of  illumination,  discussing  the  factors  to 
be  considered.  3000  v;^.  Elec  Jour — 
June,  1909.     No.  5547. 

See  also  Shop  Lighting,  under  ME- 
CHANICAL ENGINEERING,  Machine 
Works  and  Foundries. 

Incandescent  Lamps. 

The  Progress  of  the  Metallic  Filament 
Lamp.  Herbert  T.  Waclc.  A  review  of 
recent  developments.  1500  w.  Sci  Am — 
June  5,   1909.   No.  5355- 

Practical  Treatise  on  Tungsten  and 
Carbon  Lamps.  H.  D.  Burnett.  Showing 
by  charts  the  results  of  a  series  of  life 
tests.  4500  w.  Can  Elec  News — June, 
1909.     No.  5466  C. 

The  Tungsten  Lamp  and  Its  Behavior 
on  Life  Tests  as  Compared  With  Carbon 
Lamps.  H.  D.  Burnett.  Discusses  the 
objections  to  these  lamps,  their  efficiency, 
and  results  of  life  tests,  with  matters 
related.  General  discussion.  14500  w. 
Can  Soc  of  Civ  Engrs,  Bui  5 — May,  1909. 
No.  5854  N. 
Photometry. 

Important  International  Agreement  on 
Photometric  Units.  Report's  an  agree- 
ment between  England,  France  and  the 
United  States  upon  a  unit  of  candle- 
power  of  luminous  intensity  to  be  known 
as  the  international  candle.  2000  w. 
Elec  Wld — May  27,  1909.     No.  5223. 

Street. 

The  Illumination  of  Streets.  C.  E 
Stephens.  Discusses  the  problem  and  the 
advantages  of  the  incandescent  lamp  for 
outlying  districts.  3000  w.  Elec  Jour — 
June,    1909.    No.    5549- 

Ornamental  Curb  Line  Illumination.  D. 
F.  Fradette.  Describes  decorative  street 
lighting  in  the  United  States.  Ills.  1500 
w.     Elec   Rev,   N    Y — June   5,    1909.     No. 

5424. 

MEASUREMENT. 

Alternating  Current. 

Measurement  of  Alternating  Current 
Energy.  M.  A.  Sammett.  Considers 
briefly  the  necessity  for  selection  of 
proper  current  and  potential  transform- 
ers, eflfects  of  phase  displacements  and 
power  factor.  1200  w.  Can  Elec  News — 
June,  1909.     No.  5467  C. 

Dynamo  Testing. 

Efficient  Test  of  Three-Wire  Bal- 
ancing Dynamos.  J.  W.  Hemmelsbach. 
Describes  test  of  two  a.  c.  generators 
forming  a  balancing  set  on  a  three-wire 
250  volt  system.  Ills,  iioo  w.  Power — 
June  8,  1909.     No.  5319. 


Meter  Testing. 

Some  Notes  on  Meter-Room  Practice. 
Discusses  the  organization,  work,  and 
testing  of  the  meter  department  of  a  cen- 
tral station.  1300  w.  Elec  Engr,  Lond 
— May  28,  1909.     No.  5413  A. 

Motor  Testing. 

The  Efficiency  of  Asynchronous  Ma- 
chines Tested  by  the  Loading-Back 
Method.  Stanley  P.  Smith.  Describes 
a  new  application  of  the  no-load  and 
zero-speed  circle  diagram.  Also  editorial. 
3500  w.     Elec   Wld — June   17,   1909.     No. 

5572. 
Transformer  Testing. 

Testing  of  Transformers  in  Central 
Stations.  Omer  F.  Dubruicl.  Presents 
methods  of  testing  which  will  assist  oper- 
ators in  testing  transformers  of  any 
make.  3500  w.  Elec  Rev,  N  Y — May  29, 
1909.     No.  5165. 

POWER  APPLICATIONS. 
Marine  Propulsion. 

See    Electric    Power,    under    MARINE 
AND  NAVAL  ENGINEERING. 
Observatory. 

Electricity  at  Harvard  College  Observ- 
atory. Howard  S.  Knowlton.  Illus- 
trates and  describes  the  many  applications 
at  the  observatory.  2500  w.  Elec  Wld — 
June  24,  1909.  No.  5890. 
Shipboard. 

See    Electric    Power,    under    MARINE 
AND    NAVAL    ENGINEERING. 
Theatres. 

Electricity  in  the  Production  of  "Joan 
of  Arc."  Brief  account  of  the  many  uses 
made  of  electricity  in  the  recent  presenta- 
tion at  the  Harvard  Stadium.  1000  w. 
Elec  Wld — June  24,  1909.  No.  5889. 
Water  Softening. 

See  Softening,  under  CIVIL  ENGI- 
NEERING, Water  Supply. 

TRANSMISSION. 

Cable  Drawing. 

The  Use  of  Fish  Wire  in  Conduit 
Work.  Arthur  Gillman.  Discusses  "fish- 
ing" the  conduit,  and  the  fastening  of 
the  fishing  wire  to  the  electrical  conduct- 
ors, or  to  a  pulling-line.  1500  w.  Elec 
Wld — June  24,  1909.     No.  5893. 

Cables. 

The  Resistance  and  Reactance  of  Ar- 
mored Cables.  J.  B.  Whitehead.  Gives 
calculations  showing  that  even  at  60 
cycles,  and  with  outgoing  and  return 
cables  placed  close  together,  the  react- 
ance would  not  be  serious.  2500  w.  Pro 
Am  Inst  of  Elec  Engrs — June.  1909.  No. 
5830  F. 

Ccnduits. 

Recent  Improvement's  in  Underground 
Conduit  Construction.  S.  B.  Way.  Illus- 
trated description  of  the  monolithic,^  all- 
concrete  conduits.  2000  w.  Elec  Wld — 
June  17,  1909.     No.  5573- 
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The  Arrangement  of  Underground 
Conduit  for  Electrical  Distribution.  Syd- 
ney W.  Ashe.  Describes  conduits  and 
distribution  system  employed  in  New 
York  City.  Ills.  Serial,  ist  part.  4500 
w.  Elec  Wld — June  3,   1909.     No.  5274. 

Grounding. 

Grounding  the  Secondary.  Opinions 
of  central  stations  on  this  subject,  re- 
ceived by  W.  J.  Canada.  Also  editorial 
note.  3000  w.  Elec  Wld — May  27,  1909. 
No.   5226. 

Lightning  Arresters. 

An  Aluminum  Lightning  Arrester 
Installation.  Illustrated  description  of  the 
installation  to  protect  the  transmission 
system  of  the  Schenectady  Power  Co.'s 
40-cycle,  three-phase  generating  station. 
1800  w.  Eng  News — June  10,  1909.  No. 
5462. 

Line  Construction. 

Heavy  Wire  Terminations.  Anthony 
Gorham.  Illustrated  discussion  of  meth- 
ods of  construction,  especially  the  use  of 
a  cable  clamp  and  strain  insulator.  2000  w. 
Elec  Wld — May  27,  1909.     No.  5227. 

Line  Design. 

Calculation  of  the  High-Tension  Line. 
Percy  H.  Thomas.  Discusses  the  calcu- 
lation as  relating  to  regulation  and  energy 
line  loss,  and  with  especial  reference  to 
the  unusually  long  and  high  power  lines, 
deriving  formulae.  6500  w.  Pro  Am 
Inst  of  Elec  Engrs — June,  1909.  No. 
5829  F. 

^  An  Exact  Method  for  the  Determina- 
tion of  the  Efficiency,  Regulation  or  Size 
of  Transmission  Conductors.  Harold 
Pender.  Gives  exact  formulae  for  the 
calculation  of  the  various  quantities.  3000 
w.     Elec  Wld — June   10,   1909.     No.  5401. 

Lines. 

1 10,000- Volt  Transmission  Line  at 
Grand  Rapids.  Illustrated  description  of 
this  successful  high-tension  transmission 
system.  1800  w.  Can  Elec  News — June, 
1909.     No.  5468  C. 

Transmission  System  of  Boston  & 
Northern  and  Old  Colony  Street  Railway 
Companies.  J.  W.  Palmer,  Jr.  Paper 
read  before  New  England  Street  Rail- 
way Club  describing  a  system  having  380 
miles  of  track.  Ills.  2000  w.  Elec  Ry 
Jour — June  5,   1909.     No.  5251. 

See  also  Central  Stations,  under  Gen- 
erating Stations. 

Losses. 

Output  and  Regulation  in  Long-Dis- 
tance  Lines.  Percy  H.  Thomas.  Dis- 
cusses more  especially  the  line-output, 
regulation  or  voltage-variation,  and  the 
line  energy-loss.  9800  w.  Pro  Am  Inst 
of  Elec  Engrs — June,  1909.  !Tp.  5828  F. 
Motor  Converters. 

The  Theory  and  Application  of  Motor 
Converters.     H.   S.   Hallo.     Read  before 


the  Inst,  of  Elec.  Engrs.  An  explana- 
tion of  the  principle,  operation,  design,  and 
characteristics.  Ills.  3000  w.  Elec  Engr, 
Lond — May  21,  1909.  Serial,  ist  part. 
No.    5185    A. 

Permutators. 

The  Permutator.  F.  J.  Wellhouse.  An 
explanation  of  this  machine,  a  form  of 
electric  current  converter,  and  its  possi- 
bilities, illustrating  types.  1500  w.  Sib 
Jour  of  Engng — June,  1909.     No.  5807  C. 

Transformers. 

The  Limitations  of  Party  Transformer 
Distribution.  J.  Frank  Martin.  Consid- 
ers the  minor  engineering  principles  and 
details  essential  to  the  highest  efficiency 
of  apparatus.  Ills.  1700  w.  Elec  Age — 
May,   1909.     No.   5429. 

Large  Transformers  for  Electrochem- 
ical Applications  (Transformateurs  de 
grande  Puissance  pour  Applications  elec- 
trochimiques).  Gives  data  of  performance 
of  apparatus  built  by  the  Oerlikon  Com- 
pany. Ills.  4500  w.  L'Elecn — May  29, 
1909.     No.   5730  D. 

Voltage  Regulation. 

See  Losses,  under  Transmission. 

MISCELLANY. 
Agriculture. 

The  Influence  of  Electricity  on  Vegeta- 
tion (Die  Beeinflussung  des  Planzenwach- 
stums  durch  Elekt'rizitat).  Max  Breslauer. 
A  review  of  researches  and  recent  results. 
Serial,  ist  part.  2200  w.  Elektrochem 
Zeitschr — April,  1909.     No.  4853  D. 

Electromagnets. 

The  Weiss  Laboratory  Electromagnet 
and  the  Cotton  Absolute  Electromagnetic 
Balance  (Elektromagnete  fiir  Labora- 
toriums  zwecke  von  Prof.  Dr.  P.  Weiss 
und  die  absolute  elektromagnetische  Wage 
von  Cotton).  Georges  Zindel.  Illustrated 
description  of  these  instruments.  2200  w. 
Schweiz  Bau— May  8,  1909.     No.  5767  B. 

High-Frequency  Apparatus. 

The  Construction  of  High-Frequency 
Apparatus.  George  T.  Hanchett.  De- 
scribes features  to  be  recommended  by 
reason  of  their  convenience  and  low  cost. 
Ills.  2200  w.  Elec  Wld — July  i,  1909. 
No.  6108. 

Resistances. 

Self-Regulating  Resistances  (Neuerun- 
gen  an  selbstregelnden  Belastungswider- 
standen)  Martin  Kallman.  Illustrated 
description  of  types  and  discussion  of 
their  principles.  1800  w.  Elek  Kraft  u 
Bahnen — April  24,  1909.     No.  5065  D. 

Spark  Coils. 

The  Design  and  Operation  of  Jump- 
Spark  Coils.  F,  W.  Springer.  An  in- 
vestigation of  the  varieties  of  spark  obtain- 
aole,  as  generated  by  jump-spark  coils 
of  the  vibrating  and  non-vibrating  types. 
Also  editorial.  4500  w.  Elec  Wld — June 
24,   1909.     No.  5892. 


IVe  supply  copies   of  these  articles.     See  page  887. 
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Accidents. 

Industrial  Accidents  and  Employer's 
Liability.  Information  from  a  pamphlet 
giving  results  of  an  investigation  at  Pitts- 
burg, made  by  Miss  Crystal  Eastman. 
6000  w.  Eng  News — June  17,  1909.  No. 
5575. 

Apprenticeship. 

See  same  title,  under  RAILWAY 
ENGINEERING,  Miscellany. 

Cost  Systems. 

A  Cost  System  that  Controls  Costs. 
Herbert  M.  Rich.  Explains  the  system 
of  the  Cleveland  Automatic  Machine  Co. 
Ills.  3500  w.  Am  Mach — Vol.  32.  No. 
23.    No.'  5387. 

A  Factory  Stock  and  Cost-Keeping 
System.  Walter  J,  Spiro.  Describes  the 
plan  adopted  successfully  by  a  manufac- 
turing concern.  3500  ^n.  Sch  of  Mines 
— April,  1909.     No.  5901  D. 

Foundry  Costs.  B.  A.  Franklin.  Pre- 
sents a  system  in  operation  that  not  only 
gives  the  cost  of  a  casting,  but  shows  the 
variation  of  the  elements  of  manufacture. 
2500  w.  Am  Found  Assn — June,  1909. 
No.  5605  N. 

See  also  Management,  under  INDUS- 
TRIAL ECONOMY. 

Depreciation. 

Depreciation  of  Power  Plant  Equip- 
ment. F.  H.  Neely.  Discussion  of  the 
subject  which  calls  attention  to  the  lack 
of  uniformity  of  prevailing  practice.  1150 
w.     Power — June  8,  1909.     No.  5326. 

Education. 

Industrial  Education.  H.  F.  Baillet. 
Paper  read  before  the  Association  of 
Master  Plumbers  of  N.  J.  Discusses  the 
development  and  need  of  industrial  edu- 
cation in  the  U.  S.  and  the  attitude  of  the 
master  plumber.  1700  w.  Met  Work — 
June  5,  1909-     No.  5361. 

Education  for  Utility  and  Culture.  Dr. 
Calvin  M.  Woodward.  Address  at  Mis- 
souri Sch.  of  Mines.  Reviews  the  history 
of  university  development,  and  the  field  of 
human  activities  and  culture.  4500  w. 
Eng  News — June  24,   1909.     No.  5864. 

Some  Comments  on  Our  Engineering 
Education  and  the  Men  It  Produces.  Ab- 
stract of  a  lecture  by  W.  D.  Taylor  be- 
•  fore  the  Engng.  Club  of  the  Univ  of  Illi- 
nois, and  repeated  at  the  Univ.  of  Wis- 
consin. 9000  w.  Wis  Engr — April,  1909. 
No.  5687  D. 

Two  Sides  of  University  Life.  Arthur 
Twining  Hadley.  Speech  to  the  students 
of  Johns  Hopkins  University,  Feb.  22, 
1909.  3500  w.  Yale  Sci  M — June,  1909. 
No.  5686  C. 


The  University  of  Sheffield:  Depart- 
ment of  Applied  Science.  Illustrated  de- 
scription of  the  buildings,  and  the  work 
done.  2400  w.  Col  Guard — June  11,  1901. 
Serial,    ist  part.     No.  5654  A. 

The  College  of  Engineering  of  the 
Tokyo  Imperial  University.  B.  Arakawa. 
An  account  of  this  college  and  its  work. 
1800  w.  Sib  Jour  of  Engng — June,  1909. 
No.    5808    C. 

Mining  Education  and  the  New  Essen 
School  (Das  Bergschulwesen  und  das 
ncue  Bcrgschulgebaude  in  Essen).  Herr 
Cabolet.  Describes  the  new  building  and 
its  equipment.  Ills.  4000  w.  Gluckauf — 
May   15,  1909.     No.  5758  D. 

Labor. 

See  Nicaragua,  under  CIVIL  ENGI- 
NEERING, Miscellany. 

Management. 

A  Comprehensive  Foundry  Production 
Tally.  C.  E.  Knoeppel.  Outlines  a 
method  for  collecting  the  principal  pro- 
duction and  cost  figures.  5000  w.  Am 
Found  Assn — June,  1909.     No.  5606  N. 

Systematized  Foundry  Management  and 
Foundry  Costs  (Systematisierte  Giesser- 
eibetriebe  und  die  hierbei  in  Ansatz  zu 
bringenden  Betriebskosten).  W.  Heym. 
A  discussion  of  the  fundamental  princi- 
ples of  foundry  management.  Serial,  ist 
part.  1800  w.  Giesserei-Zeit — May  i, 
1909.     No.   5764  D. 

Natural  Resources. 

Chemistry  and  the  Conservation  of  Our 
Forests  and  Minerals.  Marston  Taylor 
Bogert^.  Part  of  the  author's  presidential 
address  on  'The  Function  of  Chemistry 
in  the  Conservation  of  Our  Natural  Re- 
sources." loooo  w.  Sch  of  Mines  Qr — 
April,   1909.     No.   5899  D. 

Profit  Sharing. 

Co-Partnership  in  Coal  Mining.  De- 
scribes the  extension  by  Sir  Christopher 
Furness  of  his  co-partnership  proposals 
from  the  ship-yards  to  the  coal  mining 
industry.  2700  w.  Ir  &  Coal  Trds  Rev — 
May  28,  1909.  No.  5410. 
Stores  Keeping 

Stores  Keeping  in  Industrial  Plants 
(Behandlung  von  Bestellungen  im  Fab- 
rikbetriebe).  C.  M.  Lewin.  Outlines  the 
principles  and  a  system.  Ills.  4000  w. 
Zeitschr  f  Werkzeug— May  25,  1909-  No. 
5787  D. 
Unemployment. 

The  Role  of  State  and  Municipality  in 
Unemployment  Insurance  ( Du  Role  de 
I'Etat  et  des  Communes  en  Matiere  d'- 
Assurances    centre    le    C'omage).     Paul 
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Vergasi.  A  general  discussion  of  the 
problem,  with  description  of  a  number  of 
schemes  being  tried  in  France.  3500  w. 
Rev  d'Econ  Indus — May  16,  1909.  No. 
5701  D. 

Unemployment  and  Its  Insurance 
(Arbeitslosigkeit  und  Arbeitlosen-Fiir- 
sorge),  Erich  Boer.  Discusses  the  prob- 
lems   of   unemployment    and    describes    a 


number  of  schemes  for  its  relief.  6500  w. 
Schiffbau — May  12,  1909.     No.  5772  D. 
Wage  Systems. 

The  Piece  Work  System.  J.  A.  Gohen. 
Abstract  of  a  paper  describing  operation 
of  piece  work  system  in  railways,  read 
before  the  Central  Electric  Railway 
Association.  1500  w.  Elec  Ry  Jour — 
June  5,    1909.     No.   5256. 


MARINE  AND  NAVAL  ENGINEERING. 


British    Navy. 

The  Naval  Power  of  Grea*"'  Britian  and 
Supremacy  on  the  Sea  (Les  Forces  na- 
vales    de    la    Grande-Bretagne    et    la    Su- 

.  prematie  des  Mers).  E.  Lignorelles.  A 
comparison  of  the  strength  of  naval 
powers.  Ills.  3000  w.  Genie  Civil — May 
I,  1909.     No.  5731  D. 

Bulkheads. 

Notes  on  the  Strength  of  Steel  Water- 
tight Bulkheads.  Athole  J.  Murray.  Con- 
siders the  problem  of  finding  the  neces- 
sary size,  character  and  end  fixing  of  the 
stiffeners.  Plates.  3300  w.  Trans  N-E 
Coast  Inst  of  Engrs  &  Shipbldrs — May, 
1909.     No.  5607  N. 

Capstans. 

Capstan  Rims  (Ueber  Spillkranzfor- 
men).  E.  Schmidt.  A  discussion  of  the 
most  efficient  shape.  Ills.  2500  w.  Schiff- 
bau— May  26,  1909.     No.  5773  D. 

Communication. 

Transmission  of  Intelligence  on 
Steam  Vessels.  H.  A.  Hornor.  Consid- 
ers only  the  present  means  of  interior 
communication  for  the  safe  manipula- 
tion of  the  vessel  and  accommodation  of 
passengers,  officers  and  crew.  Ills.  8000 
w.  Jour  Fr  Inst — June,   1909.  No.  5805  D. 

Cruisers. 

Official  Report  of  Coal  Consumption 
Tests  of  the  New  Scout  Cruisers.  Memo- 
randa of  coal  consumption  on  the  "Bir- 
mingham," "Chester"  and  "Salem."  800 
w.     Power — June  8,  1909.     No.  5324. 

Electric  Power. 

Electrical  Installations  for  Transatlan- 
tic Liners.  Albert  H.  Bridge.  Gives  illus- 
trated particulars  of  the  electrical  instal- 
lations on  board  the  Mauretania.  4500  w. 
Elec  Rev,  N  Y — June  12,  1909.  No.' 5479. 
An  Electrically  Operated  Rhine  Boat 
(Elektrisch  betriebenes  Fahrschiff  fiir 
den  Rhein).  W.  Kaemmerer.  Describes 
a  small  vessel  driven  from  accumulators. 
Ills.  1200  w.  Zeitschr  d  Ver  Deutscher 
Ing — May  15,  1909.  No.  5962  D 

Engineers. 

The  Engineer  in  the  U.  S.  Navy. 
George    W.     Melville.      Address     at     the 


Washington  convention.  Also  presenta- 
tion addresses  by  Walter  M,  McFarland 
and  Dr.  C.  D.  Walcott.  3300  w.  jour  Am 
Soc  of  Mech  Engrs — June,  1909.  No. 
5843   F. 

Gas  Engines. 

Gas  Engine  and  Equipment  for  the 
Non-Magnetic  Yacht  "Carnegie."  Jas. 
Craig,  Jr.  Describes  a  special  four-cylin- 
der vertical  engine  with  11  x  12  cylinder 
containing  less  than  500  lbs.  of  iron  or 
steel  and  made  of  non-magnetic  materials, 
iioow.   Rudder — June,  1909.   No.  5333  C. 

Hydroplanes. 

Experiments  With  Hydroplanes  or 
Skimmers.  Illustrated  account  of  results 
obtained  by  Sir  John  Thornycroft.  1500 
w.     Sci  Am — June  12,  1909.     No.  5397. 

Oil   Engines. 

See  same  title,  under  MECHANICAL 
ENGINEERING,  Combustion  Motors. 

Oil  Fuel. 

Oil  vs.  Coal  as  a  Marine  Fuel.  G.  P. 
Blackiston.  Explains  the  conditions  and 
the  need  of  proper  heating  and  burning 
appliances  to  make  oil  fuel  successful,  and 
claims  decided  advantages  if  properly 
used.  Ills.  8000  w.  Prac  Engr — May  21, 
1909.     No.   5188  A. 

Practical  Oil  Economy  of  the  U.  S.  S. 
Rhode  Island.  M.  S.  Holloway.  De- 
scription of  methods  by  which  remarkable 
economy  was  secured  in  cruise  around 
the  world.  Ills.  2100  w.  Jour  Am  Soc 
of  Nav  Engrs — May,   1909.     No.  5436  H. 

Propellers. 

The  Maximum  Elementary  Efficiencies 
as  a  Basis  for  the  Construction  of  the 
Pitch  of  the  Screw  Propeller  (Die  max- 
imalen  elementaren  Wirkungsgrade  als 
Grundlag  fiir  die  Konstruktion  der  Steig- 
ung  der  Schraubenpropeller).  W.  Heir 
ling.  Ills.  3200  w.  Schiffbau — May  12, 
1909.     No.  5771  D. 

vSalvage  Vessels. 

The  French  Submarine  Salvage  Boat 
Vulcain.  Illustrated  description  of  this 
specially  designed  vessel  and  its  equip- 
ment. 500  w.  Engr,  Lond — June  11, 
1909.     No.  5633  A. 
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Ship  Cleaning. 

The  Electric  Scrubber.  Description  of 
an  electro-magnetic  device  for  cleaning 
ships  bottoms,  whereby  a  "hogging  brush" 
is  held  firmly  to  tbe  plates.  Ills.  1350  w. 
Elec  Rev,  Lond — May  28,  1909.  No. 
5419  A. 
Ship  Design. 

The  Strength  of  Knees  and  Brackets 
on  Beams  and  Stiffeners.  Herman  R. 
Hunt.  An  investigation  of  beams  sup- 
ported by  knees  at  the  ends.  Tables  and 
diagrams.  1500  w.  Soc  of  Nav  Archts 
&  Marine  Engrs,  No.  7 — June,  1909.  No. 
5681  N. 

Some  Experiments  With  Lightened 
Beam  Brackets.  R.  Earle  Anderson. 
Describes  experiments  made  in  connec- 
tion with  the  design  of  torpedo-boat  de- 
stroyers, stating  results.  Ills.  3000  w. 
Int  Marine  Engng — June,  1909.  Serial. 
1st  part.     No.  5213  C. 

See    also    Bulkheads,    under    MARINE 
AND  NAVAL  ENGINEERING. 
Ship  Resistance. 

The  Resistance  of  Some  Full  Types  of 
Vessels.  Herbert  C.  Sadler.  Gives  re- 
sults of  experiments  upon  the  resistance 
of  vessels  of  full  form.  Diagrams.  1000 
w.  Soc  of  Nav  Archts  &  Marine  Engrs, 
No.  3 — June,  1909.  No.  5679  N. 
Ship  Stability. 

Stability  Tests  of  Ships  at  Sea  (Festig- 
keitsversuche  an  Schiffen  auf  See).  K. 
Beschoren.  Describes  methods  and  gives 
conclusions.  Ills.  4500  w.  Zeitschr  d 
Ver  Deutscher  Ing — May  15,  1909.  No. 
5965  D. 
Ship  Suction. 

Some  Model  Experiments  on  Suction 
of  Vessels.  D.  W.  Taylor.  An  account 
of  experiments  made  at  the  Model  Basin 
within  the  last  year.  Diagrams.  1200  w. 
Soc  of  Nav  Archts  &  Marine  Engrs.  No.  i 
— June,  1909.  No.  5677  N. 
Steamboats. 

Shallow-Draught  River  Steamers.  C. 
E.  Ward.  Discusses  in  detail  the  pe- 
culiar character  of  river  steamers,  the 
hull,  machinery  and  its  performance,  etc. 
Ills.  9600  w.  Soc  of  Nav  Archts  & 
Marine  Engrs,  No.  4 — June,  1909.  No. 
5810  N. 

Shallow  Draught  Steamers  for  the 
Amazon.  Illustrations  and  particulars  of 
five  vessels  built  to  meet  special  con- 
ditions. 500  w.  Engr,  Lond — May  21, 
1909.     No.   5202  A. 

New  Hudson  River  Steamboat,  Robert 
Fulton.  Illustrated  detailed  description 
of  this  fine  new  river  passenger  steamer, 
which  was  built  in  record  time.  6000  w. 
Naut  Gaz — June  17,  1909.     No.  5609. 

New  Passenger  Steamer  Hyak.  H. 
Cole  Estep.     Brief  illustrated  description 


of  a  vessel   for  service  on    Pugct   Sound. 
1500  w.  Marine  Rev — June,  1909.  No.  5499. 

Steam   Boilers. 

Replacing  tlie  Furnaces  cf  Marine 
Boilers  Under  Unusual^  Difficulties.  Wil- 
liam Shoemaker.  Prize  paper.  Illus- 
trated description  of  work  on  a  steamship 
in  service  on  the  Great  Lakes.  700  w. 
Boiler  Maker — June,   1909.     No.  5456. 

Steamships. 

Development  of  the  Transatlantic 
Steamship.  Reviews  the  growth  since 
1840.  Ills.  1600  w.  Sci  Am — June  19, 
1909.     No.  5583. 

A  New  Type  of  Great  Lake  Ore 
Steamer.  Day  Allen  Willey.  Illustrated 
description  of  the  "Hoover  and  Mason" 
as  a  type.  1500  w.  Sci  Am  Sup — June 
19,    1909.     No.  5584. 

The  Orient  Company's  Australian  Mail 
Liner  "Otway."  Illustrations,  with  de- 
scription of  this  new  twin-screw  vessel 
and  its  machinery.  3300  w.  Engng — 
June  4,  1909.     No.  5528  A. 

The  New  Orient  Liners.  Describes 
large  passenger  steamship  "Orsova"  and 
other  ships  constructed  for  Orient  Mail 
line  for  Australian  service.  Ills.  2500  w. 
Engr,  Lond — May  28,  1909.    No.  5316  A. 

The  New  Orient  Australian  Mail  Liner 
"Orsova."  Illustrated  description  of  the 
first  of  four  vessels  designed  for  service 
between  Europe  and  Australia.  "Orsova" 
is  of  15,100  tons  displacement  and  18 
knots  speed.  Plates.  5200  w.  Engng — 
May  28,  1909.     No.  5260  A. 

The  "George  Washington."  Illus- 
trated description  of  this  new  North  Ger- 
man Lloyd  steamer.  1600  w.  Sci  Am 
Sup — June  26,  1909.     No.  5897. 

Twin    Screw    Steel    Steamship    Colum- 
bian.     Brief    illustrated    description    of    a 
cargo  carrier  in  the  Pacific  trade.     700  w. 
Marine  Rev — June,   1909.     No.  5498. 
Steam  Turbines. 

The  Steam  Turbine  and  the  Recipro- 
cating Engine  for  Marine  Propulsion.  Ira 
N.  Hollis.  This  third  article  of  a  series 
gives  a  critical  analysis  of  factors,  re- 
sults and  tendencies.  Ills.  2500  w.  Engi- 
neering Magazine — July,  1909.  No.  5978  B. 

A  Method  of  Determining  Pressures 
for  Steam- Turbines.  C.  H.  Peabody. 
Gives  a  method  of  determining  directly 
the  pressures  of  a  compound  steam  turbine, 
taking  into  account  the  increase  of  entropy 
due  to  steam  friction.  2500  w.  Soc  of 
Nav  Archts  &  Marine  Engrs,  No.  2 — June, 
1909.     No.  5678  N. 

The  Operation  and  Management  of  the 
Parsons  Marine  Steam  Turbine  as  Prac- 
ticed on  the  U.  S.  S.  Chester.  Lieutenant 
A.  F.  H.  Gates.  Gives  writer's  experience 
in  shops  and  at  sea.  Practical  details  of 
operation.  Ills.  11300  w.  Jour  Am  Soc 
Nav  Engrs— May,  1909.     No.  543;  H. 
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Submarines 

Underwater  Torpedo  Boats.  Lawrence 
Spear.  Historical  review  and  full  discus- 
sion of  modern  submarine  and  submersible 
boats.  Ills.  22000  w.  Jour  Am  Soc  of 
Nav  Engrs — May,  1909.  No.  5433  H. 
Submarine    Signalling. 

Submarine  Signalling.  Present  develop- 
ment of  methods.  1500  w.  Jour  Am  Soc 
of  Nav  Engrs — May,  1909.  No.  5434  H. 
The  Application  of  Electricity  to  Sub- 
marine Signalling.  Discusses  need  of 
some  electrical  sounder  for  efficient  sub- 
marine signalling.  2000  w.  Elec  Rev, 
Lond — May  28,  1909.  No.  5420. 
Towing. 

Towing  Problems,  Thomas  S.  Kemble. 
On  determining  the  requirements  arising 
from    given    towing    conditions,    and    the 


manner  in  which  a  towing  machine  and 
cable  of  given  size  will  meet  the  require- 
ments. Ills.  &  diagrams.  5000  w.  Soc  of 
Nav  Archts  &  Marine  Engrs,  No.  8— 
June,  1909.     No.  5683  N. 

United   States  Navy. 

The  Fusion  of  the  Line  and  Engineer 
Officers  in  the  United  States  Navy  (II 
Corpo  unico,  la  Fusione  degli  Ufficiala  di 
Vascello  e  Macchinisti  della  Marina  Nord- 
Americana).  A.  Levi  Bianchini.  An 
Italian  opinion.  7000  w.  Riv  Marit — May, 
1909.     No.  5743  E  -L  F. 

Wave  Pressures. 

Lateral  Wave  Pressure  on  Ships  (Ein- 
fluss  des  Wellendruckes  auf  die  seitliche 
Schififswand).  Karl  Beschoren.  A  theo- 
retical discussion.  Ills.  3200  w.  Schiff- 
bau — May  26,  1909.     No.  5774  D. 
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AUTOMOBILES. 
Cabs. 

Walter  Christie's  Front-Drive  Auto- 
cab.  Illustrated  detailed  description. 
2800  w.     Automobile — June  10,   1909.  No. 

5505. 

Commercial  Vehicles.  

The  International  Commercial  Vehicle 
Competition  (Die  Internationale  Motor- 
lastwagen-Wettbewerb  und  die  Subven- 
tionsfahrt  der  Verkehrstruppen).  De- 
scribes the  competing  cars  and  gives  re- 
sults of  the  trials.  Ills.  Serial,  ist  part. 
3600  w.  Zeitschr  d  Mit  Motorwagen  Ver 
— May  15,  1909.     No.  5776  D. 

Dust  Problem. 

Trapping  the  Insidious  Dust.  W.  R. 
Cooper.  An  illustrated  account  of  an  in- 
vestigation of  the  air  currents  about  a 
motor  car  in  motion.  Read  before  the 
Royal  Automobile  Club.  2200  w.  Auto 
Jour — May  22,   1909.     No.  5183  A. 

Electric. 

Electric  Automobile  Motors  and  Con- 
trollers. Alex  Churchward.  Considers 
the  design,  types,  method  of  control,  &c. 
1500  w.  Elec  Rev,  N  Y — June  12,  1909. 
No.   5480. 

Exhibitions. 

Historical  Motor  Cars.  Description  of 
an  interesting  collect'ion  of  typical 
vehicles  gathered  for  the  Imperial  In- 
ternational Exhibition  at  Shepherd's 
Bush.  Ills.  2700  w.  Motor  Car  Jour — 
May  29,   1909.     No.  5438  A. 

Farm  Motors. 

A  Machine  of  Absorbing  Interest  to 
Farmers.  Illustrated  description  of  a 
"hay-buck,"  invented  by  Jacob  E.  Lieb- 
hart.  The  machine  is  propelled  by  an 
automobile   engine,  and   may  perform  all 


its  functions  with  the  assistance  of  two 
rrien.  1200  w.  Automobile — June  10, 
1909.      No.   5503. 

Fuels. 

Heat  Values  of  Ordinary  Automobile 
Fuels.  Dr.  Fritz  Huth.  Trans,  from 
Dcr  Motorwagen.  Illustrated  descrip- 
tion of  the  Junker  calorimeter  and  its 
use  in  determining  the  heat  value  of 
fuels.  1200  w.  Automobile — June  10, 
1909.     No.   5504. 

Garages. 

The  Automobile  in  the  Garage  (Das 
Automobil  in  der  Garage).  H.  von 
Eicken.  A  discussion  of  garage  loca- 
tion, equipment,  etc.  Ills.  Serial,  ist 
part.  3600  w.  Zeitschr  d  mit  Motor- 
wagen Ver — May   15'   1909.     No.  5775  D. 

Ignition. 

Dual  Ignition  Systems  and  Switch 
Starting-Devices.  Gives  information  about 
devices  which  supplement  magnetos,  and 
an  illustrated  description  of  the  Bosch 
dual-ignition  system.  2000  w.  Auto  Jour 
— May  22,  1909.  Serial,  ist  part.  No.  5181  A. 

Lighting. 

Electric  Lighting  for  Automobiles.  Mor- 
ris A.  Hall.  An  illustrated  account  of  the 
progress  made  in  the  use  of  electricity 
for  car  lighting.  1800  w.  Automobile — 
June  3,   1909.     No.  5231. 

Motor  Efficiency. 

Thermal  and  Combustion  Efficiency  of 
a  Motor.  Prof  W.  Watson.  Abstract  of  a 
paper  giving  result's  and  deductions  of 
a  thorough  test  recently  made.  3000  w. 
Automobile — June    10,    1909.     No.   5501. 

Motor  Lubrication. 

Lubrication  of  Gasoline  Vehicle  Mo- 
tors.    J.  W.  G.  Brooker.     From  a  paper 
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before  the  Roy.  Auto   Club.     A  practical 
discussion.      3000    w.    Com    Vch — Jtine, 
1909.     No.  5214  C. 
Motor  Rating. 

The  Computation  of  Engine  Horse- 
Power  Rating  Formulae.  Report  of  W. 
Worby  Beaumont  on  horse-power  rating 
and  the  present  situation  with  regard 
to  it.  4500  w.  Engr,  Lond — May  21, 
1909.  No.  5201  A. 
Motors. 

Exhaust  side  of  Automobile  Motors. 
Thomas  J.  Fay.  The  present  number  con- 
siders exhaust  manifolds  used  in  water- 
cooled  motors.  Ills.  1000  w.  Automo- 
bile— June  10,  1909.  Serial.  ist  part. 
No.  5500. 
Motor  Testing. 

Indicator  Cards  and  What  They  De- 
lineate. Thomas  J.  Fay.  Analysis  of 
indicator  cards  and  to  investigate  auto- 
mobile motors.  4500  w.  Automobile — 
June  24,  1909.  No.  5881. 
Repairs. 

Kinks  and  Wrinkles  for  the  Autoist. 
D.  R.  Hobart.  Suggestions  for  emergen- 
cies and  repairs  during  touring.  2500  w. 
Automobile — June  24,  1909.  No.  5882. 
What  to  Do  When  the  Fuel  Pipe 
Breaks.  D.  R.  Hobart.  Explains  me- 
thods of  temporarily  repairing.  Ills. 
1500  w.  Automobile — June  17,  1909.  No. 
5588. 
Rolls-Royce. 

Reliability  and  Refinement.  Illustrates 
and  describes  the  Rolls-Royce  improve- 
ments for  the  year  1910.  2200  w.  Auto 
Jour — June  12,  1909.  Serial,  ist  part. 
No.  5626  A. 
Stanley. 

Building   the    Stanley    Steamer.      Illus- 
trates   and    describes    interesting    details 
of   boilers    and    other    features.      1500   w. 
Am  Mach — Vol.  32.     No.  23.     No.  5385. 
Talbot. 

IS    H.    P.    Four-Cylinder    Talbot    Car. 
Description  of  the  1909  model.     Ills.  2300 
w.    Autocar — May  29,  1909.     No.  5449  A. 
Thomas, 

A   New  6-Cyl.    Car   from   America.   Il- 
lustrated   description    of    the    40    H.    P. 
Thomas  fiyer.     1200  w.     Auto  Jour — May 
22,  1909.     Serial,     ist  part.     No.  5182  A. 
Tire  Pressures. 

Effect  of  Speed  on  Tire  Pressures. 
Charles  B.  Hayward.  Explains  the  effect 
when  a  tire  punctures  under  ordinary 
and  under  high  speed  conditions.  Ills. 
2200  w.  Automobile — June  10,  1909.  No. 
5502. 
Tires. 

Resilient  Fillings  for  Tires.  A.  J. 
McKinney.  A  record  of  a  series  of  in- 
vestigations and  experiments  with  solid 
fillings  and  compound  tires.  3000  w. 
Autocar — June  12,  1909.     No.  5639  A. 


White. 

White  Cars  for  1910  Include  a  Gaso- 
line. Illustrates  and  describes  the  new 
features  of  the  1910  models;  the  most 
important  being  the  modifications  which 
make  possible  the  use  of  kerosene  or 
gasoline  as  fuel.  1500  w.  Automobile — 
June  17,  1909.     No.  5587. 

COMBUSTION   MOTORS. 
Fuels. 

The  Denomination  of  Industrial  Hy- 
drocarbons (La  Denomination  des  Car- 
bures  d'Hydrogene  employes  dans  ITn- 
dustrie).  E.  Lemaire.  Discusses  the 
chemical  differences  between  the  vari- 
ous motor  fuels,  etc.  2000  w.  Genie  Civil 
—May  15,  1909.  No.  5740  D. 
Gas  Calorimetry. 

Practical  Determination  of  the  Calori- 
fic Power  of  Gaseous  Fuels  (Determina- 
tion pratique  du  Pouvoir  calorifique 
des  Combustibles  gazeux  industriels). 
Georges  Bourrey.  Describes  the  Le- 
moult  apparatus  and  method.  Ills.  3000 
w.  Tech  Mod— May,  1909.  No.  5731  D. 
Gas  Engines. 

The  Internal  Combustion  Engine.  J. 
Stanley  Richmond.  Reviews,  chapter  by 
chapter,  a  work  written  by  H.  E.  Whim- 
peris.  6500  w.  Can  Engr— June  18,  1909. 
No.   5610. 

ihe  Development  of  the  Large  Gas 
Engine.  Abstract  of  the  second  part  of 
Richard  Bechtel's  paper  on  'The  Nurn- 
berg  Gas  Engine."  Deals  with  efficiency 
and  cost  of  maintenance.  Ills.  4000  w. 
Ir  &  Coal  Trds  Rev— June  11,  1909.  No. 
5664  A. 

Introduction  to  the  Theory  of  Explo- 
sion Motors  (Introduction  a  1' Etablis- 
sement  de  la  Theorie  des  Moteurs  a 
Explosion).  L.  Letombe.  A  discussion 
of  indicator  diagrams.  Ills.  3000  w. 
Tech  Mod— May,  1909.  No.  5732  D. 
GascJme   iingine   xe&ting. 

The  Testing  of  Petrol  Engines.  Jas. 
L.  Miller.  Read  before  the  Glasgow- 
Tech.  College  Sci.  Soc.  Explains  the 
objects  of  the  test  and  the  method.  2000 
w.  Mech  Engr— June  4,  1909.  No.  5523  A. 
Gas  Power  Plants. 

Getting  the  Most  Out  of  Gas  Engines. 
E.  G.  Tilden.  Describes  experiments  with 
a  small  gas  engine  plant  to  produce  in- 
creased economy.  Also  a  heater  for  ex- 
haust gases  and  circulating  water.  Ills. 
700  w.  Power— June  8,  1909.  No.  5327. 
Good  Record  by  a  Suction  Producer 
and  Hit-and-Miss  Engine.  Wesley  E. 
McArdell.  Describes  experience  with  a 
pioducer  plant  where  the  producer  paid 
for  itself  in  a  year.  1400  w.  Power — 
June  8,  1909.     No.  5325- 

The  Largest  Coke-Oven  Gas  Engine 
Plant.  J.  B.  Von  Brussel.  Illustrates 
and  describes  hew  an  up-to-date  colliery 
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is  able  economically  to  cover  all  its  pow- 
er requirements.  looo  w.  Eng  &  Min 
Jour — June   12,    1909.     No.   5478. 

See  also  Central  Stations,  under 
ELECTRICAL  ENGINEERING,  Gen- 
erating Stations  ;  and  Gas  Power,  under 
MINING  AND  METALLURGY,  Min- 
ing. 
Gas  Producers. 

On  the  Rate  of  Formation  of  Carbon 
Monoxide  in  Gas  Producers.  Describes 
investigations  made  in  the  Physical 
Laboraiory  of  the  University  of  Illinois, 
Ills.  5500  w.  Univ  of  111,  Bui.  30— Feb. 
I,  1909.     No.  5695  N. 

The  Suction  Gas  Producer.  T.  W. 
Burt.  Explains  the  ^heory  of  producer 
gas,  the  general  principles  to  be  complied 
with  and  the  methods  in  use.  Ills.  5000 
w.  Cassier's  Mag — June,  1909.  No. 
5540  B. 

iViorton's  Suction  Gas-Producer  for  Bi- 
tuminous Fuel.  Illustrated  description. 
1200    w.      Engng — June    11,     1909.      No. 

5659  A. 

The  Westinghouse  Double-Zone  Bitu- 
minous Gas  Producer,  Illustrated  de- 
tailed description,  with  report  of  tests. 
3000  w.  Ir  Trd  Rev — June  24,  1909. 
iSTo.  5884. 

The  Westinghouse  Double-Zone  Bi- 
tuminous Gas  Producer.  From  the  re- 
port of  the  Committee  on  gas  engines  of 
the  Nat.  Elec.  Lgt.  Assn.  Illustrates 
and  describes  this  type  of  plant  and  its 
operation.  3000  w.  Ir  Age — June  17, 
1909.      No.    5565. 

Recent  Producers  for  Bituminous  Coal 
(Neuere  Generatoren  fiir  bituminose 
Brennstoffe).  J,  Gwosdz.  A  number  of 
types  are  described.  Ills.  2200  w.  Gliick- 
auf — May  22,  1909.     No.  5759  D. 

Gas  Turbines. 

Gas  Turbine  Tests  (Versuche  an 
einer  Petroleumturbine).  Alfred  Barbe- 
zat.  Describes  progress  to  date.  2500 
w.  Zeitschr  f  d  Gesamte  Turbinenwe- 
sen — May  19,  1909.  No.  5780  D. 
Oil  Engines. 

Crude  Oil  Engines  for  Land  and  Ma- 
rine Purposes.  Illustrated  description  of 
a  new  type  of  crude  oil  engine,  built  in 
Stamford,  Eng.  1700  w.  Engng — June 
4,    1909.     No.   5530   A. 

HEATING  AND  COOLING. 
Boilers. 

See   Boiler   Design,   under   Steam    En- 
gineering. 
Central  Plants. 

London  Municipal  Heat  Supply.  Al- 
fred E.  Wheeler.  Discusses  the  advan- 
tages of  central  station  heat , generation, 
especially  its  relation  to  the  prevention 
of  smoke.  3000  w.  Archt,  Lond.  June 
4,  1909.     Serial,     ist  part.     No.  5513  A. 

We  supply  copies  of  these 


Cooling  Towers. 

Design  and  Operation  of  Cooling  Tow- 
ers. M.  R,  Bump.  Read  before  the  Nat. 
Elec.  Lgt.  Assn.  Compares  the  relative 
merits  of  natural  and  forced  draft  types. 
3000    w.      Power — June    22,     1909.      No. 

5813. 

See     also     Condensers,     under     Steam 
Engineering. 
Fans. 

Notes  on  Fan  Construction  (Beispiele 
aus  dem  Gebiete  des  Ventilatorenbaues). 
Th,  V.  Bavier.  Describes  various  types 
of  fans  and  their  use.  Ills.  3500  w. 
Zeitschr  d  Ver  Deutscher  Ing — May  29, 
1909.  No.  5968  D. 
Hospitals. 

Warming  and  Ventilating  with  Special 
Reference  to  Hospital  Buildings.  D.  D. 
Kimball.  Reviews  the  history  and  de- 
velopment of  the  principles  of  ventila- 
tion, explaining  methods  of  warming  and 
ventilating  hospitals.  3500  w.  Br  Build 
— May,  1909.  Serial,  ist  part.  No.  5155  D. 
Hot-Air  Heating. 

A  Fan  System  of  Church  Heating  in 
Solvay,  N.  Y.  R.  H.  Bradley.  Describes 
a  fan  pressure  system  of  warm-air  heat- 
ing which  is  claimed  to  possess  advan- 
tages over  an  indirect  steam  or  hot- 
water  gravity  apparatus.  Ills.  560  w. 
Met  Work — June  5,  1909.  No.  5362. 
Hot-Water  Heating. 

The  Determination  of  the  Sizes  of 
Pipes  for  Hot  Water  Heating.  F.  E. 
Giesecke.  Explains  a  method  of  design- 
ing a  pipe  system  to  insure  satisfactory 
results.  1800  w.  Dom  Engng — May  29, 
1909.     Serial,     ist   part.     No.    5151. 

Accelerated  Hot  Water  Heating  Sys- 
tems. Prof.  Ed.  Meier.  Translation  of 
a  paper  read  before  the  Vienna  Con- 
gress. Ills.  2500  w.  Met  Work — May 
29,   1909.     Serial,     ist  part.     No.  5153. 

The  Calculation  of  Pipe-Lines  for 
Hot- Water-Heating  (Die  Berechnung 
der  Rohrleitungen  bei  Warmwasserheiz- 
ungen).  M.  Haller.  A  reply  to  Herr 
Rietschel.  Ills.  3000  w.  Gesundheits- 
Ing— May  8,  1909.  No.  5797  D. 
Plumbing. 

Some  Anomalies  in  Modern  Plumbing 
Regulations.  J.  Pickering  Putnam.  A 
critical  review  of  present  plumbing  con- 
ditions, with  general  discussion.  Ills, 
loooo  w.  Jour  Assn  of  Engng  Socs — 
April,  1909.  No.  5839  C. 
Prisons. 

A  New  Method  of  Heating  and  Venti- 
lating Prisons.  John  G.  Eadie.  Brief 
illustrated  description  of  the  method 
used  at  the  new  Riker's  Island  peniten- 
tiary. 800  w.  Heat  &  Vent  Mag — June, 
1909.  No.  5555. 
Refrigeration. 

Compression   and   Absorption   Systems. 
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Their  defence  by  rival  manufacturers. 
Gives  the  papers  of  Thomas  Shipley  and 
of  Heywood  Cochran,  presented  at  the 
Chicago  meeting  of  the  Illinois  Ice  Deal- 
ers. 10500  w.  Ice  &  Cold  Storage — 
June,  1909.    No.  5464  A. 

Refrigeration  in  Fruit  Handling.  G. 
Harold  Powell.  Extracts  from  a  paper 
presented  at  International  Congress  ol 
Refrigerating  Industries  at  Paris.  De- 
scribes American  methods,  construction 
of  cars,  etc.  3100  w.  Ice  &  Refrig — 
June,    1909.      No.   5446   C. 

A  Modern  Poultry  and  Egg  House. 
Describes  an  up-to-date  poultry  plant  at 
Atchison,  Kan.  Ills.  3500  w.  Ice  &  Re- 
frig— June,  1909.     No.  5443  C. 

Refrigeration  in  the  Hotel  Anthony. 
Describes  modern  hotel  plant  with  steel 
glass  refrigerators,  and  a  20-ton  ice  plant 
at  Fort  Wayne,  Ind.  Ills.  1950  w.  Ice 
&  Refrig — June,  1909.  No.  5445  C. 
Temperature   Recorders. 

An  Improvement  in  Heating  and  Ven- 
tilating. Royce  W.  Gilbert.  Discusses 
the  use  of  recording  thermometers  and 
hygrometers  in  ventilation.  4000  w.  Ind 
Engng — June,  1909.  No.  5800  C. 
Ventilation. 

Tables  for  Ventilating  Ducts.  Chou- 
teau E.  Pearce.  Gives  tables  useful  in 
rapidly  estimating  the  area  and  weights 
of  ducts  usually  employed.  500  w.  Heat 
&  Vent  Mag — June,  1909.  No.  5552. 
Ventilating  Scheme  for  a  Hotel  Build- 
ing. Illustrates  and  describes  the  appli- 
cation of  rectangular  and  round  air  ducts 
in  Secor  Hotel,  Toledo,  Ohio.  1200  w. 
Heat  &  Vent  Mag — June,  1909.  No.  5553. 

Schoolhouse  Ventilation  in  Switzer- 
land (Liiftungseinrichtungen  in  schweiz- 
erischen  Schulhausern).  Max  Hottin- 
ger.  Describes  and  discusses  the  systems 
in  use.  Ills.  Serial,  ist  part.  3000  w. 
Schweiz  Bau — May  29,  1909.     No.  5770  B. 

See  also  Hospitals,  under  Heating  and 
Cooling;  and  Mechanical  Plants,  under 
Power  and  Transmission. 

HYDRAULIC    MACHINERY. 

Hydrodynamics. 

Hydraulic  Machinery.  James  W.  Nel- 
son.    Deals  with  hydrostatics  and  hydro- 

'  dynamics  in  their  relation  to  machinery, 
especially  some  of  the  more  common  ap- 
plications in  the  development  and  trans- 
mission of  power.  Ills.  14500  w.  Pro 
Brooklyn  Engrs'  Club,  No.  83 — 1908. 
No.  5874  F  -f  F. 

Piping. 

Water  Hammer  in  Pipe  Lines  (Les 
Coups  de  Belier  dans  les  Conduites 
d'Eeau).  A.  Rateau.  A  mathematical 
discussion  of  the  stresses  induced  in 
pipe  lines  by  the  sudden  closing  of  valves, 
etc.  Ills.  7000  w.  Bui  Sci  de  I'Assn 
des  Eleves— April,  1909.     No.  5700  D. 


Pumping  Engines. 

History  of  Pumping  Engines.  C.  A. 
Ilague.  Illustrated  lecture,  reviewing  the 
history  since  i6or.  Discussion.  7000  w. 
Pro  Am  W-Wks  Assn— 1908.  I^.'o.  5987  N. 
High  Duty  vs.  Low  Duty  Pumping 
Machinery.  J.  N.  Chester.  Considered 
from  the  operator's  standpoint.  Discus- 
sion.    7800  w.     Pro  Am  W-Wks  Assn — 

1908.  No.  5988  N. 

Superheating  for  Duty.  E.  H.  Foster. 
Presents  the  advantages  in  using  super- 
heated steam  in  pumping  engines.  Ills. 
1500  w.  Am  W-Wks  Assn — June,  1909. 
No.  5917  N. 

Tests  of  Modern  High  Duty  Pumping 
Engines  (Crank  and  Fly-Wheel  Type) 
With  and  Without  Superheated  Steam. 
John  Primrose.  Reports  tests  of  en- 
gines for  Cincinnati,  Ohio,  iooo  w.  Am 
W-Wks  Assn — June,  1909.  No.  5925  N. 
Pumping  Plants. 

High  Duty  Pumping  Records  at  North 
Point  Pumping  Station,  Milwaukee,  Wis. 
Cornelius  T.  Myers.  Reviews  the  his- 
tory of  this  pumping  station  and  the 
progress  made  in  the  manufacture  of 
pumping  engines  as  there  represented ; 
also  gives  results.  3500  w.  Am  W-Wks 
Assn — June,   1909.     No.   5905   N. 

Boiler  Equipment,  Practice  and  Re- 
sults at  Pumping  Station,  Water  Depart- 
ment, Harrisburg,  Pa.  George  G.  Ken- 
nedy. Brief  description  of  a  satisfactory 
plant.     1800  w.  Am   W-Wks  Assn — June, 

1909.  No.   5914  N. 
Pumps. 

Suction,  as  Applied  to  Pumps.  William 
Perry.  Reviews  the  early  history  of 
suction  pipes,  explaming  their  action. 
2000  w.  Pro  Am  W-Wks  Assn — 1908. 
No.  5936  N. 

A  42-inch  Low  Pressure  Elevator 
Pump.  Describes  a  pump  run  on  the 
exhaust  of  electric  light  engines  in  a 
large  retail  establishment.  Ills.  950  w. 
Power — June  8,  1909.  No.  5318. 
Surge   Tanks. 

The  Surge  Tower  of  the  Turnwater 
Power  Plant.  Illustrated  description 
of  an  interesting  feature  of  the  power 
plant  at  Turnwater  Canyon,  Washington, 
built  to  furnish  electric  power  to  operate 
trains  through  the  Cascade  tunnel.  2000 
w.  Eng  Rec— June  12,  1909.  No.  5483. 
Turbine  Plants. 

See    Surge    Tanks,    under    Hydraulic 
Machinery. 
Turbines. 

The  Basis  of  the  Lorenz  Turbine 
Theory  (Die  Grundlagen  der  Lorenz- 
schen  Theorie  der  Kreiselrader).  R. 
Lowy.  A  mathematical  explanation.  Ills. 
Serial,  ist  part.  2000  w.  Zeitschr  f  d 
Gesamte  Turbinenwesen — May  10,  1909. 
No.  5777  D- 
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The  Development  of  Multi-Stage  Tur- 
bines (Die  Entwicklung  der  mehrstufig- 
en  Wasser-Turbine).  R.  Lowy.  A  his- 
torical review,  with  notes  on  present 
development.  Ills.  2800  w.  Elektrotech 
u  Maschinenbau — May  30,  1909.  No. 
5961  D. 
Turbine  Tests. 

Tests  of  a  Horizontal  Francis*  Tur- 
bine (Versuche  an  einer  dreifachen 
Horizontal-Francisturbine).  Gives  the 
results  in  a  series  of  curves.  Ills.  1800 
w.  Zeitschr  f  d  Gesamte  Turbinenwe- 
sen — May  29,  1909.  No.  5782  D. 
MACHINE  ELEMENTS  AND  DESIGN. 
Clutches. 

Clutches.  Thomas  R.  Shaw.  An  il- 
lustrated article  dealing  particularly 
with  some  of  the  clutches  used  in  ma- 
chine tools.  2800  w.  Mech  Engr — June 
4,  1909.  Serial,  ist  part.  No.  5522  A. 
Drafting  Machines. 

Universal  Drafting  Machines  of  New 
Design.  Illustrates  and  describes  ma- 
chines with  ball-bearing  joints  and  tubu- 
lar rods.  1000  w.  Am  Mach — Vol.  32. 
No.  22.  No.  5209. 
Gears. 

The  Design  of  Worm  Gearing.  Con- 
siders the  exact  geometrical  nature  of 
worm  gearing,  and  the  causes  of  inef- 
ficiency in  worm  wheels,  describing  a 
method  of  designing  worm  teeth  which 
will  gear.  1200  w.  Prac  Engr — June 
II,   1909.     Serial,     ist  part.     No.  5629  A. 

Speed  of  Spur  Gears.  Charles  H. 
Loque.  A  discussion  of  the  safe  speed 
limit  and  how  to  determine  it.  1500  w. 
Am   Mach — Vol.   32.     No.  22.     No.   5210. 

Steels    for    Gears.     Louis    P.  M.  Revil- 
lon.     Abstract  of  report  on  research  work 
during    1908-9.      1500    w.      Mech    Engr — 
May  21,   1909.     No.  5190  A. 
Journal  Bearings. 

Relation  Between  Rotative  Speed  and 
Bearing  Surface  of  Journal  Bearings. 
A.  M.  Bennett.  Gives  formula  and  graph- 
ical chart  for  bearings  under  a  steady 
load.  900  w.  \m  Mach — Vol.  32.  No. 
24.  No.  557^ 
Keys. 

Square   Machine   Keys.      O.   V.   Thiele. 
Indicates  features  worth  further  investiga- 
tion. 2500  w.  Wis  Engr — April,   1909.  No. 
5688  D. 
Mechanics. 

Inertia  and  Mass.  V.  Dwelshouvers- 
Dery.  Reviews  the  theories  of  modern 
physicists,  and  presents  argiim.ents  to 
show  that  it  has  not  been  demonstrated 
that  the  material  mass  of  bodies  is  var- 
iable. 3500  w.  Engng— June  11,  igog. 
No.  5662  A. 
Slide  Rules, 

The  Slide  Rule  and  Logarithm  Chart. 
O.  B.  Poore.     Discusses  the  relations  and 


the  possible  application  of  the  chart 
and  rule  to  engineering  problems.  1500 
w.     Minn  Engr — May,  1909.     No.  5563  C. 

A  Slide  Rule  for  Calculating  Helical 
Springs.  Winslow  H.  Herschel.  An 
explanation  of  the  use  of  a  special  rule 
resulting  in  saving  of  time  in  making  cal- 
culations. 2800  w.  Harvard  Engng  Jour 
— June,  1909.  No.  5992  D. 
Speed   Changing. 

Reversing  and  Speed  Changing  De- 
vices (Quelques  Changements  de  Marche 
et  de  Vitesse).  A  review  of  recent  in- 
ventions in  this  field.  Ills.  6000  w.  Rev 
de  Mecan— May,  1909.  No.  5708  E  -1-  F. 
Springs. 

See   Slide  Rules,  under  AIachine  Ele- 
ments AND  Designs. 
Wedges. 

Friction  and  Abrasion  Tests  on  Steel 
Wedges.  J.  S.  Macgregor.  A  report  of 
test  made  at  Columbia  Univ.  testing 
laboratory  on  Hawk  brand  hardened-steel 
wedges.  1800  w.  Am  Mach — Vol.  32. 
No.   25.     No.   5861. 

MACHINE    WORKS    4ND    FOUNDRIES. 

Annealing. 

See    Pyrometry,    under    Measurement. 

Boiler  Making. 

International  Master  Boiler  Makers' 
Association.  Account  of  proceedings  of 
Annual  Convention  at  Louisville,  'Ky., 
with  abstracts  of  papers  and  discussion. 
Ills.  21000  w.  Boiler  Maker — June, 
1909.     No.   5439. 

Standardizing  of  Pipe  Flanges  for 
Boilers  and  Templets  for  Drilling  Same. 
James  Crombie.  Abstract  of  report  pres- 
ented to  International  IBoiler  Makers 
Ass'n,  which  describes  and  discusses  ex- 
isting standards.  2300  w.  Boiler  Maker 
—June,  1909.     No.   5455. 

Brass  Founding. 

Melting  Brass  Turnings  in  the  Oil 
Furnace,  Edward  H.  McVeen.  Paper 
read  before  the  American  Brass  Found- 
ers' Ass'n  describing  the  use  of  the  oil 
furnace  for  making  light  and  medium 
heavy  brass  castings.  650  w.  Foundry 
— June,    1909.      No.    5360. 

Bronze  Founding. 

The  Casting  of  Bronze  Statues.  Snow- 
den  B.  Redfield.  Describes  the  intricate 
core  work  necessary.  3000  w.  Am  Mach 
—Vol.  Z2.     No.  22.     No.  5208. 

Buildings. 

See  Factories,  under  CIVIL  ENGI- 
NEERING,  Construction. 

Case   Hardening. 

The  Cementation  of  Iron  and  its  Al- 
loys by  Carbon  Monoxide  (Sur  la  Ce- 
mentation du  Fer  et  de  ses  Alliages  par 
rOxyde  de  Carbone).  M.  G.  Charpy. 
Suggests  a  new  method  for  case  harden- 
ing. 6500  w.  Rev  de  Metal — May, 
1909.     No.  5721  E  +  F. 
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Castings. 

The  Relation  of  Engineering  Design 
to  Foundry  Manufacture  of  Cast  Iron 
Forms.  W,  R.  Conrad.  Calls  attention 
to  the  manner  in  which  iron  will  act  in 
being  cast,  and  its  relation  to  design. 
1500  w.  Pro  Am  W-Wks  Assn — 1908. 
No.   5941    N. 

Cost  of  Steel  Making  in  Foundries. 
Bradley  Stoughton.  Read  before  the  Am. 
Found.  Assn ;  Considers  the  future  rela- 
tion of  electric  steel  making  processes 
to  present  methods.  2500  w.  Ir  Trd  Rev 
—June    10,    1909.     No.   5365. 

Steel  Castings.  Otto  Beckmann.  Ex- 
plains the  system  of  producing  various 
types  of  castings.  Ills.  2500  w.  Ir  & 
Coal  Trds  Rev — May  14,  1909.  No.  5141  A. 

The  Production  of  Castings  for  Agri- 
cultural Machinery  (Die  Herstellung 
der  GussstiJcke  fiir  den  landwirtschaft- 
lichen  Maschinenbau).  R.  Schmidt. 
Outlines  the  special  problems  of  this 
class  of  work.  Ills.  Serial,  ist  part. 
1500  w.  Giesserei-Zeit — May  i,  1909. 
No.  5762  D. 
Converters. 

The  Small  Bessemer  Converter.  P. 
Eyermann.  Detailed  description  of  its 
use  in  the  manufacture  of  steel  castings 
in  Belgium.  Ills.  1200  w.  Ir  Age — 
June  24,  1909.  No.  5858. 
Cupola   Gases. 

The  Mass  and  Chemical  Composition 
of  Cupola  Waste  Gases  (Menge  und 
chemische  Zusammensetzung  der  Kupo- 
lofengichtgase).  Georg  Buzek.  A  dis- 
cussion of  the  effect  of  the  air  supply. 
2100  w.  Stahl  u  Eisen — May  12,  1909. 
No.  5748  D. 
Cupola  Practice. 

The    Continuous    Running    of    Cupolas. 
Walter    J.    May.      Suggestions    for    this 
method  of  working.     1200  w.     Prac  Engr 
— June  II,  1909.    No.  5628  A. 
Cutting  Metals. 

Oxhydric  Process  of  Cutting  Metals. 
E.  F.  Lake.  Illustrates  and  describes 
this  method,  the  apparatus  used,  and 
some  applications.  3000  w.  Am  Mach 
— Vol.  2>^.     No.  25.     No.  5860. 

The  Resistance  of  Metals  to  Cutting 
by  the  Removal  of  Small  Chips  (Ucber 
den  Schnittwiderstand  bei  der  Bearbei- 
tung  der  Metall  durch  Abheben  von 
Spanen).  H.  Friedrich.  Reviews  vari- 
ous tests  and  theories.  Ills.  5500  w. 
Zeitschr  d  Ver  Deutscher  Ing — May  29, 
1909.     No.  5969  D. 

Cutting  Tools. 

Relation  of  Cutting  Speed,  Feed.  Depth 
of  Cut.  Edward  G.  Herbert.  Investi- 
gates wear  in  cutting  tools,  with  expla- 
nation of  Herbert's  Cube  law.  2500  w. 
Am  Mach — Vol.  Z'^-     No.  25.     No.  5862. 


Drilling. 

High  Speed  Twist  Drills.  Discusses 
the  use  of  drills  in  a  railway  shop  and 
gives  tables  showing  the  best  speeds  and 
feeds  for  different  size  drills.  2000  w. 
Am  &  Engr  R.  R.  Jour — June,  1909.  No. 

5336  C. 

Drilling   Machines. 

The  Improved  Western  Radial  Drill. 
Illustrated  detailed  description.  1500  w. 
Ir  Age — June  3,  1909.     No.  5222. 

26-in.  High-Speed  All-Geared  Drilling 
Machine.  Illustrated  description  of  a 
British  design,  embodying  the  most  re- 
cent improvements.  700  w.  Engng — 
May  28,  1909.     No.  5364  A. 

Increasing  the  Efficiency  of  a  Horizon- 
tal Drilling,  Tapping  and  Boring  Ma- 
chine. Alfred  Spangenberg.  Illustrates 
features  recently  added.  1200  w.  Mach, 
N  Y— June,  1909.  No.  517^  C. 
Files. 

An  Investigation  of  the  Efficiency  of 
Files.  Edward  C.  Herbert.  Describes 
recent  investigations  01  the  relative  ef- 
ficiency of  files  of  various  types.  Ills. 
4000  w.  Am  Mach — Vol.  2)^.  No.  22. 
No.  5212. 
Forging. 

See   Steam   Hammers,  under   Machine 
Works  and  Foundries. 
Foundry  Appliances. 

A  Novel  Power-Ramming  Machine. 
Describes  a  machine  where  sand  is  con- 
veyed from  the  heap  by  an  elevator  belt 
to  a  screw  from  which  it  is  directed  on  to 
a  packer  belt  into  the  flask.  Ills.  1000 
w.  Foundry — June,  1909.  No.  5354. 
Foundry  Furnaces. 

See    Brass    Founding,    under   Machine 
Works  and  Foundries. 
Foundry  Practice. 

The  Foundry  in  Its  Relation  to  Chem- 
ical Engineering.  James  Aston.  Briefly 
considers  the  improved  methods  being 
introduced  in  foundry  practice.  1000  w. 
Wis  Engr — June,  1909.  No.  5692  D. 
Furnaces. 

See  Fuel  Oil,  under  Steam   Engineer- 
ing. 
Gear  Cutting. 

Machine  Cut  Helical  Gears.  Describes 
gear  wheels  which  can  be  cut  up  to  a 
diameter  of  20  ft.  and  3  ft.  breadth.  Ills. 
900  w.  Ir  &  Coal  Trds  Rev. — May  28, 
1909.  No.  541 1  A. 
Lathes. 

An  Unusual  Turret  Lathe  Equipment. 
C.  L.  Goodrich.  Illustrates  and  de- 
scribes the  methods  and  special  tools 
used  for  machining  joints,  valves,  valve- 
seats  and  connections.  1200  w.  Am 
Mach— Vol.  32.  No.  23,  No.  5264. 
Machine  Tools. 

Special  Tools  for  Machining  Cylin- 
ders.   Claude   Aiken.     Illustrrtes   and   de- 
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scribes  different  styles  of  machines,  in 
which  as  many  as  five  seperate  opera- 
tions may  be  in  progress  at  one  lime. 
1000  w.  Am  Mach — Vol.  z^.  No.  24. 
No.    5570. 

Molding. 

Molding  and  Casting  (Formen  und 
Giessen).  Theodore  Lohe,  A  discussion 
of  practical  points.  Ills.  Serial,  ist 
part.  1500  w  Giesserei-Zeit — May  i, 
1909.     No.  5763  D. 

See  also  Foundry  Appliances,  under 
Machine  Works  and   Foundries. 

Planers. 

The  Powell  High  Speed  Accelerating 
Cut  Planer.  Illustrated  description  of 
a  new  type  equipped  with  a  mechanism 
for  accelerating  the  speed,  1500  w.  Ir 
Age — June   17,   1909.     No.  5564. 

Pneumatic  Tools. 

Care  of  Pneumatic  Carving  Tools.  W. 
H.  Van  Sickle.  Directions  for  Keeping 
them  in  proper  condition.  1000  w.  Com- 
pressed  Air — June,    1909.      No.   5608. 

Press  Tools. 

Press  Tools.  W.  E.  Etheridge.  De- 
scription of  tools  used  for  dynamo  and 
switch  gear  manufacture.  A  paper  read 
before  Siemens  Stafford  Engineering  So- 
ciety. Ills.  2700  w.  Mech  Wld — May 
28,    1909.     No.   5442   A. 

Safety  Valves. 

Safety  Valve  Discussion.  Continued 
from  the  February  meeting.  6000  w. 
Jour  Am  Soc  of  Mech  Engrs — June, 
1909.     No.  5847  F, 

Saws. 

The  Hot-Saw  as  a  Cutoff  Machine. 
H.  Terhune.  Illustrates  and  describes  this 
machine  and  some  of  its  work.  1000  w. 
Am   Mach — Vol.   32.     No.  23.     No.   5352. 

Shop  Appliances- 
Machines  and  Tools  for  Automobile 
Manufacture.  C.  B.  Owen.  States  the 
requirements  and  conditions  under  which 
motor  cars  operate  and  the  effect  on  tool 
design,  as  carried  out  in  the  factory  of 
the  Cadillac  Co.,  Detroit,  Mich.  Ills. 
3500  w.  Mach,  N  Y — June,  1909.  No. 
5176  C. 

Jigs  and  Tools  for  Machining  Petrol- 
Engine  Cylinders.  T.  Alex.  Borthwick. 
Reviews  some  of  the  methods  success- 
fully adopted  and  the  tools  used.  Ills. 
2000  w.  Mech  Wld— May  28,  1909.  No. 
5457  A. 

Knurls  and  Knurling  Operations. 
Douglas  T.  Hamilton.  An  illustrated  re- 
view of  tools  and  appliances  necessary 
for  knurling,  with  formulae  and  data. 
2000  w,  Mach,  N  Y — June,  1909.  Serial, 
ist  parr.     No.  5174  C. 

Shop  Cooling. 

The  Cooling  of  Factories  by  the  Evap- 
oration of  water  (Refraichissement 
dcs    Lecaur    industriels    par    Evaporation 


d'Eau).    A.    Papin.      Describes    methods 
and     apparatus.      Ills.     5500     w.      Genie 
Civil — May  i,  1909.     No.  5737  D. 
Shop  Heating. 

The  Choice  of  Heating  Equipment  for 
Manufacturing  Plants.  G.  W.  Stanton. 
Describes  the  various  types  of  heating 
systems,  explaining  the  conditions  for 
which  such  is  adapted.  3500  w.  Engi- 
neering Magazine — July,  1909.  No.  5974  B. 
Shop  Leasing. 

1  enant  Mills,  Charles  C.  Klein,  The 
first  of  a  series  of  articles  giving  infor- 
mation relating  to  this  class  of  manu- 
factories. The  present  article  deals  with 
their  origin  and  some  of  the  features  of 
construction.  2000  w,  Ind  Engng — June, 
1909.  Serial.  1st  part.  No,  5^8  C. 
Shop  Lighting. 

Standards  of  Illumination  for  Manu- 
facturing Plants,  H.  Thurston  Owens. 
The  qualities,  advantages,  and  limita- 
tions of  various  systems  are  considered. 
Ills,  2000  w.  Engineering  Magazine — 
July,  1909.  No,  5979  B. 
Shop  Practice. 

Machine-Tool  Pratice  for  Maximum 
Production,  Charles  Day.  First  of  a 
series  of  six  articles  discussing  the  prin- 
ciples of  machine-shop  practice  for  maxi- 
mum production.  Ills.  3500  w.  Engi- 
neering Magazine — July,  1909.  No.  5994  B. 

The     Manufacture    pf    Piston    iRings. 
James     Mcintosh.     Suggestions,    describ- 
ing   methods.      1500    w.      Mach,    N    Y — 
June,    1909.     No.   5178  C. 

Snap  Piston  Rings  and  Their  Making. 
F.  A.  Halsey.  Describes  the  making  of 
rings  to  fit  the  cylinders  when  new,  and 
gives  a  scale  of  proportions.  1500  w.  Am 
Mach — Vol.  2^-     No.  22.     No.  521 1. 

Machining  Heavy  Connecting  iRods. 
Allan  Jenkins  (Prize  paper.)  Illustrated 
description  of  the  method  used.  3000  w, 
Mech  Wld — June   11,   1909.     No.  5641  A. 

Manufacturing  Multiple-Spindle  Screw 
Machines.  Illustrated  description  of  the 
plant  and  products  of  the  National  Acme 
Mfg.  Co.,  Cleveland,  Ohio.  5000  w.  Ind 
Engng — June,  1909.     No.  5697  C. 

Some      Points     on      Marking-Off.      W. 
Burns.      Suggestions    in    marking-off    for 
machining.      1200    w.      Mech    Wld — June 
4,    1909.     No.  5521   A. 
Shops. 

The  Phoenix  Iron  Works  of  Hartford. 
E.  A.  Dixie.  Illustrates  and  describes 
machine  tools  built  in  these  old  works, 
with  something  of  the  history  and 
methods  of  the  works.  2500  w.  Am 
Mach— Vol.    32.     No.    24.     No.    5569. 

Small  Arms  and  Machine  Tool  Works. 
Illustrated  detailed  description  of  this 
department  of  the  St.  John's  Engineer- 
ing Works  at  Errth.  2500  w.  Engr, 
Lond— June  4,  1909,  No.  5532  A. 
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Tlie  Call  Works  at  Denain  (Les  Ate- 
liers Cail  a  Denain).  Louis  Le  Chate- 
lier.  Illustrated  description  of  these  loco- 
motive works.  8500  w.  Rev  de  Metal — 
May,  1909.  No.  5725  E  -f  F. 
Steam  Hammers. 

Power  Hammers  and  Forging  Appli- 
ances. James  Cran.  Calls  attention  to 
points  needing  improvement  in  steam 
hammers,  and  to  matters  relating  to  this 
class  of  machinery  Ills.  4000  w.  Mach, 
N  Y — June,  1909.  No.  5177  C. 
Welding. 

Arc  Welding.  C,  B.  Aull.  Describes 
briefly  other  processes  of  electric  weld- 
ing, as  introductory  to  a  detailed  descrip- 
tion of  the  Benardos.  or  arc  welding 
process.  Discusssion.  Ills.  7000  w.  Pro 
E'ngrs'  Soc  of  W  Penn — May,  1909.  No. 
5804   D. 

Electric  Weldmg.  Abstract  of  paper  by 
V,  D.  Green  before  Birmingham  and 
District  Electric  Club  which  discusses 
various  'forms  of  welders.  2000  w.  Mech 
Engr — May  28,   1909.     No.  5403  A. 

Welding  and  Brazing  (Das  Schweis- 
sen  und  Hartloten),  Discusses  ma- 
terials, processes,  tests  of  product,  etc. 
Ills.  2500  w.  Stahl  u  Eisen — May  26, 
1909.     No.  5751   D. 

MATERIALS    OF    CONSTRUCTION. 
Alloys. 

I.  Monel  Metal.  Dr.  A.  Stansfield. 
II.  Report  on  Tests  of  Monel  Metals. 
Prof.  E.  Brown.  Two  papers  discussed 
together.  Ills.  The  papers  deal  with 
the  metallurgy  and  physical  properties 
of  this  product.  8000  w.  Can  Soc  of 
Civ  Engrs,  Bui.  5 — May,  1909.  No. 
585s  N. 

Special  Copper  Alloys  (Les  Alliages 
de  Cuivre  speciaux).  Jean  Escard,  Dis- 
cusses bronzes  and  brasses  containing 
manganese,  silicon,  chromium,  tungsten 
and  vanadium.  Ills.  Serial.  ist  part. 
3000  w.  Genie  Civil — May  22,  1909. 
No.  5741  D- 
Alloy  Steels. 

High-Tension  Steels.  Percy  Long- 
muir.  Read  before  the  I.  and  S.  Inst. 
Gives  results  of  experiments  made  with 
a  view  to  deciding  on  the  most  service- 
able type  of  steel  for  high-tension  and 
endurance  purposes.  2500  w.  Ir  &  Coal 
Trds    Rev — May    14,    1909.      No.    5130   A. 

Notes  on  Properties  of  Steel  Alloys 
and  Steels.  Gordon  Surr.  Discusses  the 
influence  of  alloy  elements.  3000  w. 
Min  Wld — June   19,   1909.     No.   5672. 

An  Investigation  of  Tantalum  Steels. 
A  detailed  report  of  the  experiments, 
with  micrographs.  2500  w.  Ir  5^  Coal 
Trds   Rev — June    11,   1909.      No.   5665   A. 

Manganese  Steel  (L'Acier  au  Man- 
ganese). A  letter  from  Schneider  & 
Co.    taking   exception   to    a    recent  article 


on  manganese-steel  rails  in  The  Iron 
Age,  and  a  description  of  results  ob- 
tained by  this  firm.  Ills.  6000  w.  Rev 
de  Metal — May,  1909.     Xo.  5724  E  -f-  F. 

See   also   Gears,   under   Machine   Ele- 
ments AND  Design. 
Cast  Iron. 

The  Distribution  of  the  Impurities  in 
Cast  Iron  (Ueber  die  Verteilung  der 
Fremdkorper  im  Gusseisen).  Max  Or- 
they.  Results  of  an  experimental  study. 
Serial,  ist  part.  1500  w.  Giesserei-Zeit 
—May  I,  1909.  No.  5761  D. 
Lead. 

Experiments  on  the  Tempering  of 
Lead  and  the  Corresponding  Changes  in 
Hardness  (Quelques  Experiences  sur  la 
Trempe  du  Plomb  et  les  Changements 
correlatifs  de  sa  Durete).  M.  Loutch- 
innsky.  Gives  the  results  of  tests.  Ills. 
2000  w.  Rev  de  Metal — May,  1909.  No. 
5723  E  +  F. 
Metallography. 

See    Alloys,     under     MINING     AND 
METALLURGY,  Miscellany. 
Solders. 

Solders  and  Fusible  Alloys.  H.  F. 
Blake.  Gives  the  composition  and  melt- 
ing point  of  the  most  generally  used  sol- 
ders and  information  relating  to  them, 
1200  w.  Am  Mach — Vol.  2)^.  No.  23. 
No.  5388. 
Steel. 

A  Heat  Treatment  Study  of  Bessemer 
Steels.  Andrew  McWilliam  and  Ernest 
J.  Barnes.  Read  before  the  I.  and  S. 
Inst,  An  account  of  investigations  car- 
ried out  at  Sheffield  University,  Eng. 
5000  w.  Ir  &  Coal  Trds  Rev — May  14, 
1909.     No.   5127  A. 

The  Ageing  of  Mild  Steel  and  the  In- 
fluence of  Nitrogen.  C.  E.  Stromcyer. 
Read  before  the  I.  and  S.  Inst.  A  re- 
port of  research  work  in  regard  to  fail- 
ures in  steel.  4500  w.  Ir  &  Coal  Trds 
Rev — May   14,  1909.     No.  5128  A. 

The  Chemical  Physics  Involved'  in  the 
Decarburization  of  Iron-Carbon  Alloys. 
W.  H.  Hatfield.  Read  before  the  I. 
and  S.  Inst.  Reviews  briefiy  the  ex- 
perimental work  reported  by  different  in- 
vestigators, describing  the  writer's  ex- 
periments and  stating  results.  Ills.  3500 
w.  Ir  &  Coal  Trds  Rev— May  14,  1909. 
No.  5129  A. 

Influence  of  the  Treatment  on  the 
Solubility  of  Steel  in  Sulphuric  Acid,  and 
Deductions  Therefrom  as  to  the  Nature 
of  the  Treatment  to  Which  the  Material 
Has  Been  Previously  Subjected.  E.  Heyn 
and  O.  Bauer.  (Abstract).  Read  be- 
fore the  I.  and  S.  Inst.  Ills.  6000  w. 
Ir  &  Coal  Trds  Rev— May  14,  1909.    No. 

5137   A. 
Tool  Steels. 

The  Newer  High-Speed  Steels.  O.  M. 
Becker.      Gives    the    comp-tsition    ci    re- 
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cent   tool    steels,    explaining   their    lasting 
qualities  and  usefulness.     1500  w.    Mach, 
N  Y — June,   1909.     No.  5179  C. 
Wire  Rope. 

The  Application  of  Wire  Rope  to 
Transportation.  Discusses  the  systems 
in  use,  with  notes  on  the  care  and  types 
of  wire  rope.  8500  w.  Ind  Engng — 
June,  1909.    No.  5699  C. 

MEASUREMENT. 
Gages. 

Gages  and  Interchangeability  in  Small 
Scale  Manufacture.  F,  A.  Halsey.  Illus- 
trates and  describes  applications  of  the 
indicating  caliper,  explaining  its  advan- 
tages. 1500  w.  Am  Mach — Vol.  32. 
No.  23.  No.  5384. 
Hardness. 

Notes  on  Tests  for  Hardness.  Prof. 
Thomas  Turner.  Read  before  the  I.  and 
S.  Inst.  Compares  four  typical  methods 
of  measuring  hardness,  showing  further 
research  is  required  before  agreement 
in  principle  can  be  reached.  3500  w.  Ir 
&  Coal  Trds  Rev— May  14,  1909.  No. 
5131  A. 

The  Analysis  of  Steel  by  Mechanical 
Means.  A.  F.  Shore.  Describes  methods 
and  the  use  of  the  scleroscope,  explaining 
what  it  measures.  3500  w.  Am  Mach — 
Vol.  32.     No.  25.     No.  5863. 

The  Hardness  of  Metals  and  its 
Measurement  in  Cold  and  Heated  Speci- 
mens (La  Durete  des  Metaux  sa  Mesure 
a  Chaud  et  a  Froid).  Felix  Robin.  A 
review  of  methods  and  data  of  the  re- 
sults of  investigation  of  various  metals 
and  alloys.  Ills.  8000  w.  Mem  Soc 
Ing  Civ  de  France — April,  1909.  No. 
5710  G. 
Hydraulic  Pressure. 

Apparatus  for  the  Measurement  of 
High  Hydraulic  Pressure  (Apparate  zur 
Messung  hoher  Fliissigkeitsdriicke).  A. 
Martens.  Describes  and  discusses  various 
types.  Ills.  2200  w.  Zeitschr  d  Ver 
Deutscher  Ing — May  8,  1909.  No.  5959  D. 
Pyrometry. 

Pyrometry  in  the  Annealing  Room.  S. 
H.  Stupakoff.  Reviews  various  higli- 
temperat'urc  measuring  instruments  and 
their  applications,  especially  the  use  of 
pyrometers  in  annealing  malleable  iron. 
8000  w.  Am  Found  Assn — June,  1909. 
No.  5604  N. 

The  Bristol  Recording  Pyrometer. 
Percy  Longmuir  and  T.  Swinden.  Read 
before  the  I.  and  S.  Inst.  Reports  a 
test  made  to  ascertain  the  behavior  of 
the  pyrometer  under  normal  works  con- 
ditions. 2000  w.  Ir  &  Coal  Trds  Rev — 
May  14,  1909.  No.  5136  A. 
Testing  Machines. 

300-Ton  Universal  Testing  -Machine. 
Illustrated  description  of  a  large  ma- 
chine recently  installed  in  the  laboratory 


of    the    new    university  at    Birmingham, 

Eng.     1800    w.      fEngr,  Lond — May    21, 
1909.     No.  5200  A. 
Thermometry. 

Modern  Methods  of  Tiemperature 
Measurement.  Joseph  H.  Hart.  Re- 
views some  of  the  practical  applications 
of  thermometry.  2200  w.  Cassier's  Mag 
—June,  1909.     No.  5538  B. 

POWER  AND  TRANSMISSION. 
Air  Compressors. 

Portable  Air-Compressors.  Illustrates 
and  describes  a  type  built  in  England. 
900  w.  Engng — June  11,  1909.  No. 
5658  A. 

Air  Compressor  for  South  Africa.  Il- 
lustrates and  describes  one  of  the  largest 
enclosed  -  type  air  -  compressing  plants 
ever  made.  1500  w.  Engr,  Lond — May 
21,  1909.  No.  5199  A. 
Electric  Driving. 

An  Electrically  Driven  Paper  Mill. 
Describes  the  plant  for  a  mill  on  the 
banks  of  the  Tyne,  England..  2500  w. 
Engr,  Lond — June  11,  1909.     No.  5638  A. 

Electric  Driving  in  a  Paper  Mill.  Dis- 
cusses the  economy  of  electric  driving  in 
paper  mills  where  steam  is  largely  pro- 
duced for  heating  and  boiling  and  de- 
scribes an  English  plant  so  equipped. 
Ills.  950  w.  Elec  Rev,  Lond — May  28, 
1909.  No.  5417  A. 
Electric  Power. 

Electrical  Accidents  in  Workshops.  In- 
formation from  report  of  G.  Scott  Ram, 
bearing  upon  the  peculiar  risks  and 
dangers  due  to  using  electric  power. 
5500  w.  Mech  Engr — June  11,  1909.  No. 
5640  A. 
Gas  Compressors. 

High  Pressure  Gas  Transmission.  De- 
scribes steam  driven  compressor  for  high 
pressure  gas  transmission  in  country 
towns.  Ills.  800  w.  Can  Engr — June  4, 
1909.  No.  S39T. 
Gas  Power. 

The  Value  of  Gas  Power.  Charles 
E.  Lucke.  An  illustrated  article  giving 
information  on  characteristics  of  the  gas 
power  installations,  cost,  etc.  5500  w, 
Sch  of  Mines  Qr — April,  1909.  No. 
5898  D. 
Mechanical  Plants. 

The  Cleveland  Technical  High  School. 
H.  W.  Woodward.  Illustrated  descrip- 
tion of  the  heating,  lighting,  power  and 
ventilating  systems  in  this  $400,000 
building.  3000  w.  Power — June  i,  1909, 
No.   5172. 

Heating  and  Ventilating  the  National 
City  Bank,  New  York.  Illustrates  and 
describes  the  mechanical  equipment  of 
this  building.  1500  w.  Heat  &  Vent 
Mag— June,  1909.  No.  5554. 
Power  Plants. 

Comparative     Efficiencies      of      Power 
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Plants,  With  Special  Reference  to  the 
Efficiency  of  a  Superheated  Steam  Pipe- 
Line.  I'Vank  R.  Brownlee.  An  account 
of  investigations  made.  5000  w.  Wis 
Engr — June,    1909.   No.   5691    D. 

The  New  Keystone  Watch  Case  Co. 
Plant.  F.  L.  Johnson.  Illustrated  ac- 
count of  how  an  old  plant  was  re- 
modeled without  interrupting  the  service. 
2500  w.  Power — June  15,  1909.  No. 
5492. 

Power  Equipment  of  the  Bellman 
Brook  Bleachery.  Describes  a  model 
plant  for  the  bleaching  of  fine  cotton 
goods  at  Fairview,  N.  J.  Ills.  3500  w. 
Eng  Rec — June  5,  1909.  No.  5284. 
Turbo-Compressors. 

Turbo  -  Blowers.  C.  Regenbogen. 
Trans,  from  Stahl  und  Eiscn.  Reviews 
progress  in  Germany  with  turbine  driven 
lotary  air  compressors  for  blast  furnace 
service.  Ills.  4500  w.  Ir  Age — June  10, 
1909.     No.   5507. 

STEAM   ENGINEERING. 
Ash  Handling. 

See     Conve3'ors,    under    Transporting 
AND  Conveying. 
Boiler  Corrosion. 

Boiler  Corrosion  as  an  Electrochemical 
Action.  C.  F.  Burgess.  Discusses  corro- 
sion in  steam  boilers  and  the  possibility  of 
its  being  due  to  electrolytic  action.  Gen- 
eeral  discussion.  Ills.  6000  w.  Jour  W 
Soc  of  Engrs — June,  1909.  No.  5878  D. 
Boiler  Design. 

Propositions  and  Power  of  Low-Pres- 
sure  Heating  Boilers.  Discusses  the  effect 
of  restricting  the  grate  area,  suitable 
draft,  &c.  2000  w.  Dom  Engng — June 
12,  1909.     No.  551 1. 

Best  Method  of  Staying  the  Front  Por- 
tion of  Crown  Sheet  (in  Radiat  Stay 
Boilers)  to  Prevent  Cracking  of  the  Tube 
Sheet.  Abstract  of  a  committee  report 
presented  at  meeting  of  Int.  Master  Boiler 
Makers'  Assn.  Gives  recommendations. 
800  w.  Eng  News — June  3,  1909.  No. 
5216. 
Boiler   Explosions. 

Boiler  Explosions  in  England,  Germany, 
and  the  United  States.  Gives  a  compari- 
son of  stati,stics  showing  the  United 
States  to  be  far  behind  in  the  safe  use  of 
high-pressure  steam.  2000  w.  Locomo- 
tive— April,  1909.  No.  5544. 
Boiler  Inspection. 

Inspection  for  New  York's  Eow  Pres- 
sure Boilers.  A.  C.  Rousey.  Discusses 
dangers  of  so-called  low  power  plants  and 
methods  proposed  for  removing  them. 
2900  w.  Power — June  8,  1909.  No.  5321. 
Boiler  Management. 

Modern  Boiler  Practice.  John  W.  Hill. 
Explains  present  practice,  dealing  only 
with  standard  types.  5500  w.  Am  W — 
Wks  Assn — June,  1909.    No.  5906  N. 


Care  and  Management  of  the  Horizon- 
tal Tubular  Boiler.  William  Kavanagh. 
Directions  for  proper  handling  to  secure 
economy  and  reliability.  Ills.  1500  w. 
Power — June  15,   1909.     No.  5493. 

An  Experience  in  the  Boiler  Room  of  a 
Water  Works.  Walter  L.  Watson.  Out- 
lines the  comparative  results  obtained  with 
natural  draft,  and  with  the  "Balanced 
Draft  System  of  Furnace  Regulation," 
describing  this  system.  Discussion. 
3000  w.  Pro  Am  W-Wks  Assn— 1908. 
No.  5938  N. 
Boiler  Rating. 

The  Rating  of  Domestic  Heating  Boil- 
ers.    Konrad   Meier.     Discusses   the   fair 
rating  of  boilers,  and  matters  related.  2000 
w.     Met  Work — May  29,  1909.     No.  5154. 
Boilers. 

See    Pumping,    under    Hydraulic   Ma- 
chinery. 
Boiler  Scale. 

The  Prevention  and  Removal  of  Boiler 
Scale.  W.  H.  Wakeman.  First  instal- 
ment of  a  series  of  papers  on  the  methods 
to  avoid  the  formation  of  scale  in  a 
boiler.  Ills.  1800  w.  Elec  Wld — June 
3,  1909.  No.  5275. 
Boiler  Testing. 

Boiler-Room  Symposium.  Jay  M.  Whit- 
ham.  Principally  a  discussion  of  boiler 
testing.  2500  w.  Am  W-Wks  Assn — 
June,   1909.     No.  5915  N. 

Evaporation  Tests  (Essais  de  Vaporisa- 
tion). Victor  Lebeau.  Details  tests  on 
a  B.  &  W.  boiler  to  determine  the  most 
economical  fuel.  Ills.  12000  w.  All  In- 
dus— May,  1909.  No.  5733  D. 
Boiler  Tubes. 

The  Influence  of  Operation,  Diameter 
and  Profile  on  the  Distortion  of  Boiler 
Fire  Tubes  (Einfluss  des  Betriebes, 
Durchmessers  und  Profiles  auf  die  Form- 
anderung  von  Flammrohren).  Bruno 
Miiller.  Mathematical  discussion  of 
stresses  in  boiler  tubes.  Ills.  4000  w. 
Zeitschr  d  Ver  Deutscher  Ing— May  15, 
1909.  No.  5964  D. 
Boiler  Waters. 

The  Boiler  Water.  Edward  Bartow.  The 
troubles  caused  by  water  and  the  remedies 
are  considered.  2500  w.  Am  W-Wks 
Assn — June,  1909.    No.  5916  N. 

Water  Supply  and  Treatment  for  Pow- 
er Plant  Purposes.  William  Miller 
Booth.  Gives  a  classification  of  waters, 
their  characteristics  and  treatment  re- 
quired. 4500  w.  Am  W-Wks  Assn— 
June,  1909.     No.  5927  N. 

Scaling  and  Corroding  Substances  and 
Their  Elimination  from  Water  for  Boilers. 
J.  C.  William  Greth.  Abstract  of  a  paper 
before  the  Scranton  Engrs'  Club.  Con- 
siders the  harmful  substances  in  solution 
in  waters.  1500  w.  Power— June  22, 
1909.     No.   5812. 
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Condensers. 

Steam  Condenser  Design  and  Practice. 
Dr.  Joseph  H.  Hart.  An  illustrated  expla- 
nation of  the  characteristics,  management 
and  efficiency  of  various  types.  2000  w. 
Engineering  Magazine — July,  1909.  No. 
5976  B. 

Design  of  Condenser  and  Cooling  Tow- 
er Plants.  Abstract  of  a  paper  b>  }A.  R. 
Bump  before  National  Electric  Light  As- 
sociation, which  discusses  the  funda- 
mental features  of  condensing  plants. 
3500  w.  Eng  Rec — June  5,  1909.  No.  5280. 
Development  of  the  Surface  Condenser. 
George  A.  Orrok.  Gives  an  account  of 
the  surface  condenser  before  and  after 
the  advent  of  the  steam  turbine.  Ills. 
4500  w.  Power — June  :,  1909.  No.  5173. 
Engine  Flywheels. 

Variation  in  Angular  Velocity  of  Fly- 
wheels. Alex.  R.  Home.  Describes  a 
method  of  determining  the  variation  in 
angular  velocity  and  the  angular  lag  and 
lead  of  an  engine  fly-wheel  from  the  dia- 
gram of  crank  effort  by  means  of  a  plani- 
meter.  1500  w.  Engng — May  28,  1909. 
No.  5363  A. 
Engine  Foundations. 

See  Foundations,  under  CIVIL  ENGI- 
NEERING, Construction. 
Engine  Management. 

See     Isolated     Plants,     under     ELEC- 
TRICAL   ENGINEERING,    Generating 
Stations. 
Engines. 

Economy  of  Four  Valve  Engines. 
Thomas  Hall.  A  defense  of  this  type, 
with  criticism  by  F.  W.  Dean.  3000  w. 
Power — June   22,    1909.     No.   5814. 

See  also  Pumping  Engines,  under  Hy- 
draulic Machinery. 
Engine  Tests. 

Test's  on  a  Wolf  Compound-Tandem, 
Semi-Portable  Engine  with  Superheater 
(Essais  executes  sur  une  nouvelle  mi-fixe 
compound-tandem  a  Surchauffe,  la  Maison 
R.  Wolf).  Herr  Gutermuth.  Transla- 
tion from  Zeitschr.  d.  Ver.  Deutscher  Ing. 
Ills.  2300  w.  Rev,,  de  Mecan — May,  1909. 
No.  5707  E  -f  F. 
Flue-Gas  Analysis. 

Formulas  for  Computing  the  Results  of 
Gas  Analysis.  Frank  B,  Shields.  Gives 
formulae  for  caluculations  of  results  of 
analyses  of  chimney  gases.  600  w.  Power 
— June  22,   1909.     No.  5817. 

Real  Relation  of  CO2  to  Chimney 
Losses.  James  E.  Steely.  Shows  the  lack 
of  reliability  in  determining  chimney 
losses  without  considering  hydrogen, 
CO,  and  moisture.  2700  w.  Power — 
June  8,  1909.  No.  5323. 
Fuel  Oil. 

Fuel  Economy  Tests.  Discussion  of 
paper  by  C.  R.  Weymouth.  2800  w. 
Jour  Am  Soc  of  Mech  Engrs — June, 
1909.     No.  5845  F. 


Oil  Furnaces  and  the  Economical 
Handling  of  Oil  as  Fuel.  Jno.  E.  Ulrich. 
Considers  the  methods  of  atomizing  the 
oil,  the  construction  of  the  furnaces  and 
the  economy.  2500  w.  Ir  Trd  Rev — 
June  3,    1909.     No.   5230. 

See  also  Oil  Fuel,  under  MARINE 
AND   NAVAL   ENGINEERING. 

Fuels. 

Some  Industrial  Applications  of  Pul- 
verized Coal.  William  D.  Ennis.  Dis- 
cusses its  preparation,  handling,  applica- 
tions, difficulties,  &c.  Discussion.  14000 
w.  Pro  Brooklyn  Engrs'  Club,  No.  81 — 
1908.     No.  5872  F  +  F. 

Coals  for  Hand-Fired  Steam  Plants. 
D,  T.  Randall.  Reports  results  of  tests 
that  show  that  almost  any  character  of 
coal  may  be  burned  with  reasonable 
efficiency.  Diagrams.  1500  w.  Am 
W-Wks   Assn — June,    1909.     No.   591 1    N. 

The  Purchase  of  Fuel  on  a  British 
Thermal  Unit  Basis.  Lawrence  P.  Cre- 
celius.  Explains  the  method  adopted  in 
Cleveland,  Ohio,  of  purchasing  coal  on 
the  basis  of  calorific  value.  4000  w.  Pro 
Am  Inst  of  Elec  Engrs — June,  1909.  No. 
5838  F. 

The  Purchase  of  Coal  Upon  a  Heat 
Value  Contract.  Edward  H.  Taylor. 
Considers  the  causes  that  have  led  to  the 
purchase  of  coal  upon  specifications,  the 
contract,  and  related  subjects.  18000  w. 
Am  W-Wks  Assn — June,  1909.  No. 
5928  N. 

See  also  Peat,  under  MINING  AND 
METALLURGY,  Coal  and  Coke. 

Injectors. 

The  Working  Process  in  Injectors 
(Untersuchungen  iiber  den  Arbeitsvor- 
gang  im  Injektor).  G.  Schrauff.  De- 
scribes and  gives  results  of  elaborate 
tests.  Ills.  Serial,  ist  part.  6000  w. 
Zeitschr  d  Ver  Deutscher  Ing — May  15, 
1909.     No.   5963  D. 

Piston  Rings. 

Piston  Packing  Rings.  James  An- 
drews. Abstract  of  paper  before  the  W. 
of  Scotland  Assn.  of  Foremen  Engrs. 
Shows  that  the  same  packing  rings  do 
not  behave  alike  in  all  cases,  and  dis- 
cusses the  principle  of  their  action.  Pis. 
3500  w.  Mech  Wld — June  4,  1909.  Serial. 
1st   part      No.    5520  A. 

Safety  Valves. 

Auld's  Safety  Valves  for  Low  Pres- 
sure. Describes  two  designs  of  new 
safety  valves  more  particularly  adapted 
for  low  pressure  steam.  Ills.  950  w. 
Mech   Engr— May  28,   1909.     No.  5402  A. 

Smoke   Prevention. 

Smoke  Prevention  or  Smoke  Con- 
sumption. Harold  V.  Goes.  This  second 
article    of    a    serial    discusses    automatic 
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stokers,  describing  leading  types.  Ills. 
5500  w.  Engineering  Magazine — July, 
1909.     No.   5972   B. 

The  Smokeless  Combustion  of  Coal  in 
Boiler  Plants,  with  a  Chapter  on  Cen- 
tral Heating  Plants.  D.  T.  Randall  and 
H.  W.  Weeks.  States  the  problem  and 
discusses  its  solution.  Ills.  30000  w.  U  S 
Geol   Survey — Bui.  373.     No.   5696  N. 

Smoke  Prevention.  D.  T.  Randall. 
Paper  read  at  Syracuse  meeting  of  the 
Int.  Assn.  for  Prevention  of  Smoke. 
Discusses  the  relation  of  the  character 
of  coals  to  the  prevention  of  smoke.  1800 
w.  Sci  Am  Sup — June  26,  1909.  No. 
5896. 

Smoke  and  Smoke  Prevention.  L.  P. 
Breckenridge.  Reviews  the  principles  of 
smokeless  combustion,  discusses  furnaces, 
their  construction  and  operation.  Ills. 
8500  w.  Am  W-Wks  Assn — June,  1909. 
No.  5921   N. 

Smoke  Abatement.  Sir  William  B. 
Richmond.  Remarks  on  the  damage 
caused  by  smoke,  introductory  to  a  dis- 
cussion. 5000  w.  Jour  Roy  Inst  of  Brit' 
Archts — May  22,    1909.     No.   5594  C. 

Rules  for  Smokeless  Consumption  of 
Fuel.  Robert  Grimshaw.  Discussion  of 
rules  laid  down  by  the  "Magdeburger 
Verein  fiir  Dampfkesaelbetrieb."  1300 
w.  Eng  &  Min  Jour — June  5,  1909.  No. 
5304. 
Steam  Coir.pression. 

The  Application  of  the  Compression 
of  Steam  to  the  Evaporation  of  Indus- 
trial Liquids  (Application  de  la  Com- 
pression de  la  Vapeur  a  I'Evaporation 
des  Liquides  indust.riels).  Ch.  Prache  and 
Ch.  Bouillon.  A  discussion  of  practice. 
Ills.  8800  w.  Mem  Soc  Ing  Civ  de 
France — April,   1909.     No.  5712  G. 

The  Compression  of  Steam  and  Its 
Application  to  Evaporation  (De  la  Com- 
pression de  la  Vapeur  appliquee  a 
I'Evaporation).  Jean  Rey.  Discusses 
the  phenomena  of  steam  compression, 
compressing  machinery  and  the  use  of 
compressed  steam  in  the  evaporation  of 
aqueous  solutions,  etc.  Ills.  7500  w. 
Mem  Soc  Ing  Civ  de  France — April, 
1909.     No.  571 1   G. 

Stokers. 

The  Characteristics  of  Automatic 
Stokers.  T.  K.  Roberts.  Considers  the 
construction  and  operation  of  various 
types.  Ills.  5000  w.  Ind  Engng — June, 
1909.     Serial,    ist  part.     No.   5802   C. 

The  Seyboth  Mechanical  Stoker  (Die 
Rostbeschickungsvorrichtung  B  a  u  art 
Seyboth).  W.  Hofmann.  Illustrated  de- 
scription. 2200  w.  Zeitschr  f  d  Gesamte 
Turbincnwesen — May  10,  1909.  No. 
5778  D. 

See  also  Smoke  Prevention,  under 
Steam   Engineering. 


Superheating. 

Superheated  Steam.  Thomas  Sugden. 
Deals  with  both  the  principles  and  prac- 
tice of  superheating.  Ills.  i:'500  w.  Pub 
Works — Jan-March,    1909.      No.    5642    D. 

Cast  Iron  Fittings  and  Superheated 
Steam.  John  Primrose.  Disproves  the 
theory  that  ordinary  superheat  is  destruc- 
tive to  cast-iron  fittings.  2500  w.  Power 
— June  8,   1909.     No.   5322. 

See     also      Pumping     Engines,     under 
Hydraulic      Machinery;      and      Power 
Plants,  under  Power  and  Transmission. 
Thermodynamics. 

Thermodynamics   in  Theory   and   Prac- 
tice.    Considers  the  points  requiring  fur- 
ther  investigation   and    the   present   value 
of   the    theory.      1500    w.      Engr,    Lond — 
^une  II,  1909.     No.  5634  A. 
Turbines. 

Exhaust  Steam  Turbines.  Editorial 
discussion  of  the  prevailing  tendency  to 
use  the  low  pressure  turbine  as  supple- 
mental to  non-condensing  plants.  iioo 
w.     Elec  Age — May,   1909.     No.  5427. 

Low-Pressure  Steam  Turbines.  C.  H. 
Smoot.  Compares  the  Rateau-Smoot 
with  the  Parsons  and  Curtis  types.  Ills. 
7000     w.       Power — June     22,     1909.     No. 

5815. 

Low  Pressure  Turbines.  F.  M.  Lege, 
Jr.  Discusses  the  possibilities  of  the  low- 
pressure  steam  turbine  when  operated  by 
the  exhaust  steam  of  an  existing  recipro- 
cating plant.  Abstract  of  paper  before 
the  Southwestern  Elect,  and  Gas  Asso- 
ciation. 2200  w.  Elec  Ry  Jour — June  5, 
1909.     No.   5254. 

A  Review  of  Steam  Turbine  Develop- 
ment. Discussion  of  the  progress  of  dif- 
ferent types  of  turbines,  with  a  considera- 
tion of  their  shortcomings.  3500  w.  Engr, 
Lond — May  28,  1909.     No.  5265  A. 

Curtis  Steam  Turbines  for  Large 
Power  Stations.  W.  E.  Miller.  General 
description  and  extent  of  use.  Ills.  1300 
w.     Elec  Age — May,   1909.     No.   5432. 

See   also    Steam   Turbines,   under   MA- 
RINE AND  NAVAL  ENGINEERING. 
Turbine  Tests. 

Test  of  a  4000  k.w.  A. E.G.  Curtis  Tur- 
bogenerator in  the  Rummelsburg  Station, 
Berlin  (Untersuchung  eines  4000  K  W- 
A.E.-G.-Turbogenerators  in  d'er  Zentrale 
Rummelsburg  der  Berliner  Elektrizitats- 
werke,  Berlin).  Describes  the  test  and 
gives  the  results.  Ills.  2000  w.  Zeitschr 
f  d  Gesamte  Turbincnwesen — May  19, 
1909.  No.  5779  D. 
Valve  Gears. 

Grunewald's  Apparatus  for  Reversible 
Compound  Engines.  An  invention  de- 
signed to  shorten  the  starting  and  stop- 
ping of  reversible  compound  engines. 
Ills.  400  w.  Ir  &  Coal  Trds  Rev- -May 
28,  1909.     No.  5412  A. 
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TRANSPORTING    AND    CONVEYING. 
Cableways. 

The  Wetterhorn  Cableway  (L'Ascen- 
sore  del  Wetterhorn).  Detailed  descrip- 
tion of  the  driving  machinery.  Ills. 
Serial,  ist  part.  1600  w.  Monit  Tech 
— May  30,  1909.     No.  5744  D. 

An  Ore-transplanting  Railway  io  the 
Pyranees.  A.  Gradenwitz.  Describes  a 
loading  and  terminal  wire  rope  tram- 
way connected  by  a  local  railway  used  to 
transport  iron  ore  from  Mt.  Canigou  to 
Amelie-les-Bains.  Ills.  950  w.  Eng  & 
Min  Jour — June  5,  1909.  No.  5292. 
Coal  Handling. 

Recent  Developments  in  Conveying 
Machinery  for  Coal  and  Ashes.  Wilbur 
G.  Hudson.  A  discussion  of  the  me- 
chanical features  and  cost-saving  of  coal- 
handling  machinery.  Ills.  2500  w.  Engi- 
neering Magazine — July,  1909.  Serial. 
1st  part.     No.  5977  B. 

Coaling  Station  at  Guant'anamo,  Cuba. 
W.  P.  Engelman.  Illustrated  description 
of  this  modern  high  speed  coaling  station 
and  its  equipment,  iioo  w.  Ir  Age — 
June  24,   1909.     No.  5857. 

Hydraulic     Coal-Handling     Equipment 
at    the    Garston    Docks.      Illustrated    de- 
tailed   description.     4000   w.      Ir    &    Coal 
Trds   Rev — May    I4,    1909.     No.   5140  A. 
Conveyors. 

Vacuum  Ash  Conveyor  at  Armour 
Glue  Works.  George  B.  Hess.  Illus- 
trated description  of  an  installation 
handling  7  tons  per  hour,  at  cost  of  7 
cents  per  ton.  2500  w.  Power — June 
IS,  1909.  No.  5496. 
Cranes. 

Early  Steam  Cranes  and  Hoists.  Fully 
illustrated  history  of  the  early  develop- 
ment of  fixed  and  locomotive  steam 
cranes.  Shows  the  more  important 
types  before  1870,  4000  w.  Engr,  Lond — 
May  28,  1909.  No.  5267  A. 
Derricks. 

A  Fifty-Ton  Movable  Stiff-Leg  Der- 
rick. Description  of  steel  erection  der- 
rick used  on  heavy  plate-girder  work  of 
a  railway  viaduct  by  N.  Y.,  N.  H.  &  H. 
R.  R.,  at  Providence.  Ills.  1400  w.  Eng 
Rec — June  5,  1909.  No.  5279. 
Grain  Handling. 

See     Grain     Elevators,     under     CIVIL 
ENGINEERING,    Construction. 
Ore   Handling. 

Ore-Hoisting  Appliances  at  the  Wharf 
of  the  Tyce  Copper  Co.,  at  Ladysmith, 
Vancouver  Island,  B.  C.  E.  Jacobs.  Il- 
lustrated description  of  the  bunkers  and 
conveyers  800  w.  Mines  &  Min — June, 
1909.     No.  5242  C. 

MISCELLANY. 
Aeronautics. 

Aeronauts  and  the  Law  of  Trespass. 
Considers  points   in  connection  with  this 


subject.     2000  w.     Engng — June   11,   1909. 
No.  5661  A. 

Aviation  (Etat  actuel  de  I'Aviation). 
M,  Taris.  A  review  of  the  theory  of 
mechanical  flight,  its  history  and  present 
state.  Ills.  6500  w.  Ann  d  Ponts  et 
Chaussees — 1909-11.     No.  5713  E  -}-  F. 

Some  New  American  Aeroplanes. 
Brief  descriptions  of  new  types.  1000  w. 
Sci  Am — June  5,  1909.    No.  5359. 

Aeroplanes  of  Aerial  Experimental 
Association.  G.  H,  Curt'iss.  Gives  de- 
tails of  four  American  built  machines, 
with  illustrations.  7500  w.  Am  Mach — 
Vol.  32.     No.  24.     No.  5568. 

The  Davidson  "Gyropter"  Flying  Ma- 
chine. Description  of  a  flying  machine 
with  gyroscopic  rotary  lifters  with  radial 
aeroplanes.  Ills.  1800  w.  Sci  Am  Sup 
—June  5,   1909.     No.   531 1. 

Recent  French  Aeroplanes  and  Their 
Performance.  Jllustrates  and  describes 
recent  types.  800  w.  Sci  Am — June  26, 
1909.     No.   5894. 

The  German  Military  "Zeppelin  I." 
Ansbert'  Vorreites.  Illustrated  detailed 
description  of  the  remodelled  third  air- 
ship of  Count  von  Zeppelin.  2500  w.  Sci 
Am  Sup — June  12,  1909.     No.  5416. 

The  Construction  of  the  Zeppelin  Air- 
ship. Illustrates  and  describes  the  con- 
struction of  "Zeppelin  11."  500  w.  Sci 
Am  — June  26,  1909.     No.  5895. 

The  Difficulty  of  Aerial  Attack.  Sir 
A.  Bannerman.  Considers  facts  bearing 
on  this  subject.  3000  w.  Jour  Roy  U 
Serv  Inst — May,  1909.     No.  5598  N. 

Defense  of  Harbors  Against  Naval 
Airships.  F.  G.  Stone.  Short  papers  on 
airship  scouting,  introductory  to  a  gen- 
eral discussions  of  the  airship  in  warfare. 
11500  w.  Jour  Roy  U  Serv  Inst — May, 
1909.     No.  5597  N. 

Carbonic  Acid. 

The  Physical  Properties  of  Carbonic 
Acid  and  the  Conditions  of  its  Economic 
Storage  for  Transportation.  R.  T.  Stew- 
art's paper  is  discussed.  4500  w.  Jour 
Am  Soc  of  Mech  Engrs — June.  1909. 
No.  5844  F. 

Engraving  Blocks. 

Making  an  Engraving  Block.  Ethan 
Viall.  Illustrates  and  describes  the 
methods  of  manufacture.  2000  w.  Mach, 
N  Y — June,  1909.  No.  5180  C. 

Flour  Milling  Machinery. 

See  Reinforced  Concrete,  under  CIVIL 
ENGINEERING,    Construction. 

Phonographs. 

The  Production  of  Sound  by  Ma- 
chinery. S.  I.  Oeisterreicher.  Discus- 
sion and  description  of  mechanical  de- 
vices designed  to  talk  and  to  reproduce 
spoken  words  and  musical  notes.  3500  w. 
Am  Mach— Vol.  32.    No.  23.    No.  5351. 
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COAL  AND   COKE. 
Coal  Cutting. 

A  Novel  Coal  and  Stone-Cutting  Pro- 
cess. Alfred  Gradenwitz.  Illustrates 
and  describes  a  system  based  on  the  use 
of  driven  cables  carrying  tempered  steel 
cutting  points.  2000  w.  Eng  &  Min 
Jour — June  19,  1909.  No.  5620. 
Coke  Oven  Gas. 

Comparison  Between  the  Value  of 
Surplus  Gas  from  Regenerator  By-Pro- 
duct Coke  Ovens,  with  Special  Reference 
to  the  Evence  Coppee  New  By-Product 
Ovens.  Mansfeldt  H.  Mills.  Paper  read 
before  the  Institution  of  Mining  Engi- 
neers. 2500  w.  Ir  &  Coal  Trds  Rev — 
May  28,  1909.    No.  5408  A. 

See    also     Gas     Power     Plants,    under 
MECHANICAL  ENGINEERING,  Com- 
bustion   Motors, 
Coke  Ovens. 

The  By-Product  Coke  Oven  in  Great 
Britain;  Some  Characteristic  Features  of 
English  Coking  Coals  and  New  Recovery 
Processes.  D.  Bagley.  Abstract  of  a  paper 
before  the  Int.  Cong,  of  Ap.  Chem. 
1600  w.  Ir  &  Coal  Trds  Rev — June  11, 
1909.     No.   5667  A. 

New  Coke  Ovens  and  By-Prod'uct  Plant 
at  Auckland  Park  Colliery.  Illustrated 
description.  1800  w.  Ir  &  Coal  Trds 
Rev— June  4,  1909.     No.  5537  A.  ^ 

The  Smoky  Bee-Hives  of  Birmingham. 
Lee  M'Crae.  Brief  description  of  largest 
battery  of  coke  ovens  in  the  world.  Ills. 
700    w.      Min    Wld — June    5,    1909.      No. 

5383. 
Economics. 

Financial    Burdens    on    Collieries.      An 
explanation  of  the  conditions  of  working 
collieries  in  Great  Britian.    2200  w.    Engr, 
Lond — May  21,   1909.     No.  5198  A. 
Electric  Power. 

Electricity  in  Coal  Mines.  Robert 
Nelson.  Read  before  the  Inst,  of  Min. 
Engrs.  Considers  the  practical  appli- 
cation of  electricity  to  coal  mining  from 
the  point  of  view  of  safety.  11 500  w. 
Col  Guard — June  4,  1909.     No.  5525  A. 

The  Mines  Eight  Hours  Act  and  It's 
Stimulus  to  Electrical  Underground 
Haulage.  Discusses  change  of  equip- 
ment and  methods  in  which  mechanical 
devices  will  replace  labor.  2500  w.  Ir. 
•   &    Coal   Trds    Rev— May   28,    1909.      No. 

5409  A. 
England. 

See  Economics,  under  Coal  and  Coke. 
Explosions. 

Effect  of  Humidity  on  Mine  Explo- 
sions.   Discussion    of   the    paper   by    Carl 


Scholz.     3000   w.     Bui   Am   Inst   of   Min 
I'^ngrs— June,  1904.     No.  5851   F. 
Explosives. 

"Permissible"  Explosives  in  Mines. 
Abstract  of  first  report  on  tests  of  ex- 
plosives by  U.  S.  Geological  Survey,  giv- 
ing list  of  permissible  explosives  tested 
prior  to  May  15,  1909.  1400  w.  Elec- 
Chem     &     Met     Ind — June      1909.       No. 

5348  C. 

The  Equipment  of  the  United  States 
Explosives  Testing  Station.  Clarence 
Hall.  Official  report  of  the  preliminary 
result  of  tests,  describing  the  apparatus 
and'  methods.  Ills.  6000  w.  Engineering 
Magazine — July,  1909.  No.  5971  B. 
Germany. 

A  Model  Coal  Mine  in  Westphalia. 
William  S.  Hall.  Describes  the  Zollern 
II.  Colliery,  where  15  seams  varying  in 
thickness  from  ij^  to  10  feet  are  worked. 
Each  bed  is  worked  by  retreating  and 
the  product  is  carefully  washed.  Ills. 
3400  w.  Eng  &  Min  Jour — June  5,  1909. 
No.  5299. 
Illinois. 

The  Illinois  Coal  Field.  A.  Bement.  A 
report  of  the  coal  resources  of  the  state, 
the  characteristics  of  the  deposits,  qual- 
ity, etc.  Maps.  Discussion.  22500  w. 
Jour  W  Soc  of  Engrs — June,  1909.  No. 
5877  D. 
Mine  Dust. 

The  Method  of  Dealing  with  the  Dan- 
ger from  Coal  Dust  in  the  Westphalian 
Coal  District.  Read  before  the  Int. 
Cong,  of  Ap.  Chem.  Reports  effect  of 
watering  and  other  causes.  1200  w.  Col 
Guard — June  11,  1909.  Serial,  ist  part. 
No.  5656  A. 

The  Coal  Dust  Question  in  Great 
Britain.  Henry  Hall.  Shows  how  legis- 
lature has  reduced  the  number  of  ex- 
plosions. 7500  w.  Eng  &  Min  Jour — 
May  29,  1909.  No.  5 161. 
Mine  Gas. 

The  Constituents  and  Properties  of 
Mine  Gases.  A.  L.  Hodges.  Discussion 
of  the  chemical  constitution  and  proper- 
ties of  poisonous  gases.  3400  w.  Min 
Wld— June  5,  1909.  No.  5378. 
Mining. 

Longwall  in  Inclined  Seams.  J.  G. 
MacKenzie.  Read  before  the  Nova 
Scotia  Soc.  of  Engrs.  Illustrates  and  de- 
scribes the  method  of  working  a  friable 
gaseous  coal  at  a  depth  of  over  2,000 
feet,  at  Westville,  N.  S.  2000  w.  Mines 
&  Min — June,   1909.     No.   5239  C. 

Boripg  as  a  Means  of  Security 
Against    Irruptions    of    Gas     and    Water 
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(Das  Vorbohren  als  Sicherungsmittel 
gegen  Wasser-  und  Gasdurchbriiche). 
Herr  Stegemann.  Describes  the  practice 
of  exploratory  boring  followed  in  some 
German  mines.  Ills.  2800  w.  Gliickauf 
— May  I,  1909.  No.  5756  D. 
New  Mexico. 

The  Coal  Mines  and  Plant  of.  the 
Stag  Canon  Fuel  Co.,  Dawson,  N.  M. 
Jo.  E.  Sheridan.  The  geography,  ge- 
ology, mining  methods,  coal-washing 
plant,  coke-ovens,  power  plant,  water- 
works, etc.  Ills.  7000  w.  Bui  Am  Inst 
of  Min  Engrs — June,  1909.  No.  5850  F. 
Peat. 

Fuel  from  Peat.  Dr.  M.  Ekenberg. 
Read  before  the  I. '  and  S.  Inst.  Re- 
searches and  experiments  with  the  object 
of  finding  a  suitable  process  for  convert- 
ing peat  into  fuel  without  air-drying. 
Ills.  8500  w.  Ir  &  Coal  Trds  Rev — 
May  14,  1909.     No.  5133  A. 

A  New  Source  of  Peat  Fuel.  Thomas 
Tomlinson.  Discussion  of  the  Ekenberg 
process  and  disputing  claims  advanced  in 
its  favor.  2400  w.  Elec  Rev,  Lond — 
May  28,  1909.     No.  5418  A. 

Ammonia  Sulphate  from  Peat.  De- 
scribes the  Woltereck  Process  employed 
at  Carnlough,  Ireland,  where  a  mixture 
of  air  and  water  vapor  is  passed  over 
peat  maintained  at  low  heat  in  special 
furnaces  to  evaporate  the  nitrogenous 
contents  which  are  then  treated  to  yield 
ammonium  sulphate.  Ills.  2000  w.  Sci 
Am  Sup. — June  5,  1909.  No.  5312. 
South  Africa. 

South  African  Coals  and  Their  Econ- 
omics. Arthur  J.  Andrews.  Remarks  on 
the  inequality  in  value,  and  the  causes 
of  waste  fuel.  Discussion.  4000  w. 
Jour  Chem  Met  &  Min  Soc  of  S  Africa— 
Apni,  1909.  No.  5526  E. 
United  States. 

Fuel  in  the  Intermount'ain  Region.  D. 
Harrington.  Read  before  the  Utah  Soc. 
of  Engrs.  A  discussion  of  the  distribu- 
tion of  the  coal  fields.  3500  w.  Mines 
&  Min — June,  1909.  No.  5240  C. 
Valuation. 

Pricing  Public  Coal   Lands.     Describes 
the    methods    of    classifying    and    valuing 
U.  S.  Gov't  coal  lands.     1600  w.     Eng  & 
Min  Jour — June  5,  1909.     No.  5300. 
Washing. 

Reclaiming  Coal  from  the  Culm  Pile. 
Warren  O.  Rogers.  Illustrated  descrip- 
tion of  the  operation  of  washeries  in  the 
anthracite  region.  2000  w.  Power — June 
IS,  1909.  No.  5495. 
West  Virginia. 

New  River  Coal  Field,  W.  V-..  H.  H. 
Stoek.  Map  and  illustrated  descn'ption  of 
the  methods  of  mining,  transportation 
and  business  organization.  3500  w. 
Mines  &  Min— June,    1909.     No.   5244  C. 


COPPER. 

Anaylsis. 

The  Precipitation  of  Copper  Oxalate 
in  Analysis.  F.  A.  Gooch  and  H.  L.  Ward. 
An  account  of  the  experimental  study  of 
conditions  under  which  small  as  well  as 
large  amounts  of  copper  may  be  deter- 
mined by  the  oxalate  method.  2200  w. 
Am  Jour  of  Sci — June,  1909.  No.  5543  D. 
Arizona. 

Ray  Copper  District,  Arizona.  William 
H.  Triiesdell.  Describes  the  local  ge- 
ology of  this  copper-producing  district. 
Ills.  3500  w.  Min  &  Sci  Pr — June  5, 
1909.  No.  5509. 
Australia. 

Mt.  Malcolm  Copper  Mine.  Mt.  Marga- 
ret Goldfield  (W.  A.)  H.  P.  Woodward. 
Reviews  the  history  of  this  mine  and  its 
development'.  2500  w.  Aust  Min  Stand 
— May    12,    1909.     No.    5823    B. 

Copper  Mines  in  Chillagoe  District, 
Queensland.  Gerard  W.  Williams.  De- 
scribes some  of  the  isolated  copper  prop- 
erties in  Northeastern  Australia,  where 
small  scale  smelting  operations  are  car- 
ried on.  Ills.  1 150  w.  Eng  &  Min  Jour 
—June  5,  1909.  No.  5295. 
Great  Britain. 

Developments    of   British    Copper    Min- 
ing.    H.    L.    Terry.      Reviews    recent   de- 
velopment work  in  various  districts.     1500 
w.    Min  Jour — May  22,  1909.  No.  5194  A. 
Mattes. 

Experimental  Researches  on  the  Nature 
of  Copper  Mattes  (Recherches  experi- 
mentales  sur  la  Nature  des  Mattes  de 
Cuivre).  A.  Baykoff  and  N.  Troutneff. 
Their  composition,  structure,  etc.  were 
investigated.  Ills,  7000  w.  Rev  de 
Metal— May,  1909.  No.  5722  E  +  F. 
Michigan. 

Geology    of    the    Porcupine    Mountains, 
Michigan.     Alfred    C.    Lane.     Maps    and 
description  of    this    copper    region.     1200 
w.     Min  Wld — June  12,  1909.  No.  5482. 
Mine   Waters. 

The  Precipitation  of  Copper  from  Butte 
Mine  Water.  Charles  J.  Stone.  A  de- 
scription of  the  practice  by  which  750 
tons  of  copper  is  recovered  monthl3^  Ills. 
1800  w.  Eng  &  Min  Jour — May  8,  1909. 
No.  5082. 
Peru. 

Mining  in  Morococha,  Province  of 
Yauli,  Peru.  Alberto  Jochamonitz.  De- 
scribes the  geology  and  metalliferous  de- 
posits, showing  important  values  in  cop- 
per and  silver.  2200  w.  Min  Jour — May 
22,  1909.  No.  5193  A. 
Russia. 

Notes  on  the  Zangezour  Copper  Mines. 
A.  L.  Simon.  Information  concerning  the 
location,  geology,  mining  conditions,  etc. 
3000  w.  Inst  of  Min  &  Met,  Bui.  56— 
May   13,   1909-     No.   5599   N. 
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Smelting. 

Conil)ined  Roasting  and  Smelting  Pro- 
cesses for  Copper  Ores  and  Fines.  De- 
scribes the  Fink  process  tried  at  the 
Boston  Consolidated  Co,  plant  at  Gar- 
field, Utah,  and  the  Catton  process  tested 
at  West  Seattle,  Wash.  Ills.  1500  w. 
Elec-Chcm  &  Met  Ind — June,  1909.  No. 
5347    C.  ^ 

Pyrite  Smelting  by  Knudsen  Method  in 
Norway.  E.  Knudsen.  Gives  an  outline 
of  the  method  and  experience  with  its 
use.  Ills.  3000  w.  Eng  &  Min  Jour — 
May  29,  1907.  No.  5160. 
Utah. 

Operations  of  Utah  Copper  Co.  During 

1908.  D.  C.  Jackling.  Information  from 
the  last  annual  report  concerning  work 
accomplished,  production,  etc.  Maps. 
4000  w.  Eng  &  Min  Jour — June  12,  1909. 
No.   5477- 

GOLD   AND    SILVER. 
Amalgamation. 

Electro-Chemical  Plate  Amalgamation. 
Elmer  Ellsworth  Carey.  An  explanation 
of  the  electrolytic  system  and  its  claims. 
3300  w.  Min  Jour — June  12,  1909.  No. 
5630  A. 

Progress  in  Electrochemical  Plate 
Amalgamation.  Elmer  E.  Carey.  Gen- 
eral discussion  of  a  simple  method  of 
converting  the  standard  plate  into  an 
electrochemical  amalgamating  device  of 
remarkable  efficiency.  3500  w.  Min  Wld 
—June  5,   1909.     No.  5379- 

The  Pierce  Amalgamator.  Justin  H. 
Ilaynes.  Gives  results  obtained  with  it 
at  the  Smuggler-Union  Mills,  Telluride, 
Colo.      2000     w.      Mines    &     Min — June, 

1909.  No.    5247   C. 
Pan-Amalgamation :       An       Instructive 

Laboratory  Experiment.  H.  O.  Hofman 
and  C.  R.  Hayward.  Deals  with  class 
research  work,  with  special  reference  to 
ore  treatment.  Ills.  3500  w.  Bui  Am 
Inst  of  Min  Engrs — June,  1909.  No. 
5849  F. 

Argentina. 

The  Ore  Deposits  of  the  Sierra  de 
Cordoba,  Argentine  Republic.  Dr.  G. 
Bodenbender.  Abstract  translation.  De- 
scribes the  geology  and  auriferous  de- 
posits. 2500  w.  Min  Jour — May  29, 
1909.     Serial,     ist  part.     No.   5510  A. 

Assaying. 

Cupelhition  Experiments ;  the  Ther- 
mal Properties  of  Cupels.  C.  O.  Bannis- 
ter and  W.  N.  Stanley.  A  comparison 
of  the  behavior  of  cupels  made  of  other 
materials  than  bone-ash,  giving  an  ac- 
count of  experimental  work.  4000  w. 
Inst  of  Min  &  Met,  Bui.  56— l\Tay  13, 
1909.     No.   5601    N. 

Australia. 

Charters  Towers,  Goldlield.  W.  E. 
Cameron.     An  illustrated  review,  describ- 


ing the  geological  features,  the  main 
reefs  and  workings,  and  giving  conclu- 
sions in  regard  to  future  development. 
8000  w.  Queens  Gov  Min  Jour  -May  15, 
1909.     No.  5819  B. 

Southern  End  of  the  Bendigo  Goldfield. 
Donald  Clark,  M.  M.  E.  Describes  im- 
portant mines  in  this  field.  Ills.  2500  w. 
Aust  Min  Standi — April  28,  1909.  No, 
5394  B. 

See    also    Dredging,    under    Gold    and 
Silver. 
California. 

See  Hydraulic  Mining,  under  Gold  and 
Silver. 
Cobalt. 

Cobalt's  Record  to  Date.  Alex.  Gray. 
A  review  of  the  official  report  of  Arthur 
A.  Cole  2500  w.  Min  Jour — May  22, 
1909.        o.  5191  A. 

CobaiC  in  1908.  A.  A.  Cole.  Abstract 
of  report  of  mining  engineer  for  Cobalt 
District  which  now  supplies  over  9  per 
cent  of  the  worlo's  production  of  silver. 
Discusses  production  and  progress  of 
mining  the  various  ores  in  district.  Ills. 
4000  w.  Can  Min  Jour — June  i,  1909. 
No.  5447. 
Colombia. 

See   Platinum,  under  Minor  IMinerals. 
Dredging. 

Dredging  at  Oroville.  Douglas  Water- 
man. Illustrated  description  of  the  types 
of  dredges  in  use,  and  details  of  their 
operation.  3000  w.  j\Iin  &  Sci  Pr — June 
5,   1909.     No.   5506. 

Dredging  and  Hydraulic  Sluicing, 
Victoria,  1908.  E.  H.  Goodenough.  Ab- 
stract of  annual  report  on  operations  in 
1908.  1500  w.  Aust  Min  Stand — May 
5,  1909.  \\o.  5393  B. 
Hydraulic    Mining. 

Hydraulic.  Mining  in  California.  Al. 
■H.  Martin.  Describes  the  La  Grange 
mine,  as  an  example  of  the  methods  of 
gold  recovery  and  the  extent  and  re- 
sources of  the  average  California  hy- 
draulic property.  Ills.  2000  w.  Min 
Wld — June  19,  1909.  No.  5673. 
Madagascar. 

Gold  in  Madagascar  (L'Or  a  Madagas- 
car). Ch.  Marquct.  A  review  of  the 
economic  condition  of  Madagascar  and  of 
its  gold  resources.  6500  w.  Mem  Soc 
Ing  Civ  dc  Franct:— April,  1909.  No. 
5709  G. 
Mexico. 

The  Zacatecas  District  and  Its  Rela- 
tion to  Guanajuato  and  Other  Camps. 
C.  W.  Botsford.  Notes  on  the  geology  of 
this  district  and  its  relation  to  other  parts 
of  Mexico.  1000  w.  Eng  &  Min  Jour — 
June  19,  1909.     No.  5617. 

Arteaga  District.  Chihnahm.  Mexico. 
W.  B.  Winston.  Illustrated  account  of 
this     highly    mineraHzed    district,    which 
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has  proved  an  abundant  producer  of  gold 
and  silver.  1500  w.  Min  &  Sci  Pr — 
June   12,   1909.     No.  5591. 

History  of  the  Native-Silver  Mines  of 
Batopilas.  Walter  M.  Brodie.  Illustrated 
description  of  this  district  in  Mexico,  the 
occurrence  and  mining  of  the  ores.  5000 
w,  Min  Wld — June  12,  1909.  ♦  Serial. 
1st  part.     No.  5481. 

El  Tigre  Mine,  District  of  Montezuma, 
Sonora,  Mexico.  R.  L.  Herrick.  Gives 
the  history  of  this  gold  mine  and  illus- 
trated description  of  the  property.  6000 
w.  Mines  &  Min — June,  1909.  No.  5237  C. 

Nevada. 

Goldfiield  and  the  Goldfteld  District  of 
Nevada.  John  Tyssowski.  An  account  of 
this  camp  which  has  yielded  since  its  dis- 
covery, about  50  per  cent,  of  the  state's 
output  of  gold.  Map.  1000  w.  Eng  & 
Min  Jour — June  19,  1909.     No.  5618. 

Mining  at  Hamilton,  Nevada.  W.  S. 
Larsh.  Describes  the  geology  of  {the 
White  Pine  mining  district,  the  silver, 
lead,  and  copper  belts,  and  the  railroad 
prospects.  3800  w.  Mines  &  Min — June, 
1909.     No.  5246  C. 

Rejuvenation  of  the  Austin  District', 
Nevada.  W.  A.  Root.  Outhne  of  history 
of  Reese  River  district  and  proposed 
plans  for  extensive  working.  Ills,  iioo 
w.     Min  Wld — June  5,  1909.     No.  5380. 

Mining  Operations  in  Eldorado  DiL^trict, 
Nevada.  A.  G.  Hillen.  An  illustrated 
article  giving  a  summary  of  present  opera- 
tions in  this  district.  3500  w.  Min  Wld — 
May  29,   1909.     No.   5 1 71. 

Panning    Standards. 

The  Use  of  Standards  in  Reading  Gold 
Pannings.  Stephen  J.  Lett.  Describes 
standards  made  and  used  by  the  writer. 
2200  w.  Inst  of  Min  &  ]V|et,  Bui  56— 
May  13,  1909.     No.  5603  N. 

Peru. 

See  same  title,  under  Copper. 
Placers. 

Nature  of  Gold  in  Alluvials.  F.  Lyn- 
wood  Garrison.  Gives  facts  observed  in 
connection  with  the  study  of  alhivial  gold 
deposits,  and  discusses  influences  that 
have  affected  the  gold  accretion.  3000  w. 
Min  &  Sci  Pr — May  29,  1909.     No.  5207. 

IRON    AND    STEEL. 
Analysis. 

Note  on  the  Determination  of  Carbon 
and  Phosphorus  in  Steel.  Andrew  A. 
Blair.  Read  before  the  I.  and  S.  Inst. 
Supplementary  to  a  report'  presented  in 
1904.  Shows  the  accuracy  of  methods 
used  when  proper  care  is  tal^en.  2000  w. 
Ir  &  Coal  Trds  Rev — May  14,  1909.  No. 
S138  A. 

See  also  Hardness,  under  MECHAN- 
ICAL ENGINEERING,  Measurement. 


Australia. 

Australian  Iron  and  Steel  Production. 
John  Plummer.  Discussion  of  the  use  of 
iron  and  steel  scrap  in  connection  with  the 
bounty  on  the  making  of  Australian  iron 
and  steel.  750  w.  Min  Wld— June  5, 
1909.  No.  5377. 
Bessemer    Process. 

See  Converters,  under  MECHANICAL 
ENGINEERING,  Machine  Works  and 
Foundries. 

Blast    Furnace   Practice. 

The  Principles  of  Dynamic  Chemistry, 
in  Their  Relation  to  the  Blast  Furnace.  W 
J.  Foster.  Abstract  of  a  paper  before  the 
Int.  Cong,  of  Ap.  Chem.  A  study  of  the 
chemical  changes.  1000  w.  Ir  &  Coal 
Trds  Rev — June  11,  1909.  No.  5666  A. 
Blowing    Engines. 

See    Turbo-Compressors,     under     ME- 
CHANICAL    ENGINEERING,     Pov/er 
AND  Transmission. 
Electro-Metallurgy. 

Niagara  Falls  Meeting  of  the  American 
Electro-chemical  Society.  Extension  and 
illustrated  summary  of  the  meeting  with 
abstracts  of  papers  on  Electrometallurgy 
of  iron  and  steel,  and  other  electro-chem- 
ical subjects.  Ills.  35,500  w.  Elec-Chem 
&  Met  Ind — June,  1909.     No.  5346  C. 

A  Study  of  Electric  Furnaces.  Charles 
Albert  Keller.  From  a  paper  at  meeting 
of  the  Am.  Elec-Chem.  Soc.  An  illustra- 
ted account  of  their  application  to  the 
manufacture  of  iron  and  steel.  6500  w. 
Ir  Age — June  3,  1909.     No.  5221. 

The  Production  of  Electric  Steel.  Jas. 
A.  Seager.  Illustrated  description  of  the 
Girod  electric  furnace,  and  the  properties 
of  steel  produced  electrically.  1500  w.  Ir 
Trd  Rev — June  3,  1909.     No.  5228. 

The  Electric  Furnace  and  Electrical 
Process  of  Steelmaking.  W.  Rodenhauser. 
Read  before  the  I.  and  S.  Inst.  An  illus- 
trated summary  of  types  of  furnaces  in 
present  use,  with  particular  reference  to 
the  Rochling-Rodenhauser  furnace.  7500 
w.  Ir  &  Coal  Trds  Rev — May  14,  1909. 
No.  5134  A. 

See   also   Castings,    under    MECHAN- 
ICAL ENGINEERING,  Machine  Works 
and  Foundries. 
Germany. 

The  Lorraine   Deposit's  of  Oolitic  Iron 
Ore.    Tony  Callot.    Describes  these  exten- 
sive deposits.     4000  w.     Eng  &  Min  Jour 
— June  19,  1909.    No.  5616. 
Ingots. 

The  Riemer  Hot  Top  Process  of  Pre- 
vention Piping  in  Steel  Ingots.  J.  F. 
Springer.  An  explanation  of  piping  and 
illustrated  descriptions  of  processes  to  pre- 
vent it,  especially  the  process  named.  6000 
w.    Ir  Trd  Rev — June  24,  1909.    No.  5883. 

The  Harmet  Process  of  Ingot  Com- 
pression.   J.  F.  Springer.     Illustrated  de- 


We  supply  copies   of  these  articles.     See  page 


MINING    AND    METALLURGY. 


879 


scription    of   the    apparatus,    process,    and 
results.     2500  w.     Ir  Age — June  24,   1909. 
No.  5859. 
Lake   Superior 

Mesabi  Range  Mining.  J.  Fred  Wolff. 
Describes  the  three  prominent  methods 
of  mining,  the  open-pit,  milling,  and  un- 
derground systems.  Ills.  4800  w.  Wis 
Engr — June,  1909.  No.  5690  D. 
Open    Hearth. 

Automatic  Control  of  Motors  Operating 
Open  Hearth  Tilting  Furnaces.  Illus- 
trated description  of  the  arrangements  at 
the  works  of  the  Jones  &  Laughlin  Steel 
Co.,  Pittsburgh,  Pa.  2000  w.  Elec  Jour — 
June,  1909.  No.  5550. 
Piping. 

See  Ingot's,  under  Iron  and  Steel. 
Rolling    Mills. 

Function  of  Fly- Wheels  in  Connection 
with  Electrically  Operated  Rolling  Mills. 
H.  C.  Specht.  Reviews  the  characteristics 
of  the  load  curve  of  a  fly-wheel  in  con- 
nection with  an  induction  motor.  2000  w. 
Pro  Am  Inst  of  Elec  Engrs — June,  1909. 
No.  5835  F. 

Determining  the  Amount  of  Power  Re- 
quired in  Rolling  Mills.  Extracts  from  an 
article  in  Stahl  and  Eiscn,  by  Dr.  H. 
Ortmann,  reviewing  extensive  experi- 
ments made  by  direction  of  the  German 
Ironmaster's  Assn.  Ills.  7000  w.  Ir  & 
Coal  Trds  Rev — May  14,  1909.  No.  5139  A. 

The  Power  Requirements  of  Rolling 
Mills  (Der  Kraftbedarf  von  Walwerken). 
H.  Groeck.  Results  of  electric-driving  tests. 
Ills.  4000  w.  Zeitschr  d  Ver  Deutscher 
Ing — May  22,  1909.     No.  5967  D. 

New  Methods  for  the  Design  of  Roll 
Grooves  (Neue  Method'en  zur  Berechnung 
von  Kalibrierungen).  W.  Tafel.  Describes 
methods  of  designing  rolls  for  rolling 
various  profiles.  Ills.  7700  w.  Stahl  u 
Eisen — May  5,  1909.    No.  5747  D. 

The  New  Rolling  Mill  Plant  of  the 
West'falian  Steel  Company  in  Bochum 
(Die  neuen  Walzwerksanlagen  der  West- 
falischen  Stahlwerke  in  Bochum).  Illus- 
trated detailed  description.  2000  w.  Stahl 
u  Eisen — May  26,  1909.  No.  5750  D. 
Steel    Making. 

Old  Material  in  Steel  Production.    Edi- 
torial discussion  of  the  position  of  iron  and 
steel   scrap.     2500   w.     Ir   Age — June    10, 
1909.    No.  5508. 
Sweden. 

Making  Iron  in  Sweden.  A.  F.  Backlin. 
Illustrates  and  describes  early  and  modern 
practice.  1500  w.  Ir  Trd  Rev — June  3, 
1909.     No.  5229. 

LEAD  AND  ZINC. 
Missouri. 

Typical  Mining  Practice  in  Southeast 
Missouri.  Otto  Ruhl.  Illustrates  and  de- 
scribes the  system.  2500  w.  Min  Wld — • 
May  29,  1909.     No.  5169. 


MINOR    MINERALS. 
Alunite. 

Determination  of  Alunite.  R.  B.  Gage. 
Describes  laboratory  and  field  methods  for 
its  quantitative  and  qualitative  determina- 
tion. 2400  w.  Eng  &  Min  Jour— June  5, 
1909.     No.  5294. 

Prospecting  for  Ores  of  the  Goldfield 
Type.  J.  Volney  Lewis.  Discusses  condi- 
tions under  which  Alunite  indicates  the 
presence  of  gold  and  its  occurrence.  1150 
w.  Eng  &  Min  Jour — June  5,  1909.  No. 
5293. 
Arsenic. 

Arsenic  (As).  E.  B.  Wilson.  Deals 
with  its  uses,  occurrence,  tests,  methods  of 
analysis,  etc.  3000  w.  Mines  &  Min— June, 
1909.     No.  5243  C 

Asbestos. 

Mineral  Deposits  of  the  Serpentine  Belt 
of  Southern  Quebec.  John  A.  Dresser. 
Read  before  the  Canadian  Mining  Insti- 
tute. Discusses  geology  and  occurence 
and  production  of  asbesios.  Ills.  3700  w. 
Can  Min  Jour — June  i,  1909.     No,  5448. 

Borate. 

The  Borate  Deposits  of  the  Atacama 
Desert,  Argentine  Republic.  Dr.  Fritz 
Reichert.  Briefly  describes  the  most  im- 
portant deposits,  giving  geological  data^ 
2500  w.  Min  Jour — June  12,  1909.  No. 
5632  A. 

Gypsum. 

Gypsum  Mining.  W.  J.  Jones.  De- 
scribes the  application  of  room  and  pillar 
methods  at  mines  near  Akron,  N.  Y.  1000 
w.   Mines  &  Min — June,  1909.   No.  5238  C. 

Monazite. 

Monazite  and  Monazite-Mining  in  the 
Carolinas.  Joseph  Hyde  Pratt,  and  Doug- 
las B.  Sterrett.  Describes  the  mineral,  its 
occurrence,  geology,  the  deposits,  magnetic 
separation,  and  uses.  Ills.  9500  w.  Bui 
Am  Inst  of  Min  Ingrs — June,  1909.  No. 
5848  F. 

Natural   Gas. 

Geology  as  Applied  to  the  Formations 
in  which  Natural  Gas  is  Found  in  the  Ap- 
palachian Regions.  John  Adams  Bow- 
nocker.  Considers  only  the  northern  part 
of  this  field.  6000  w.  Am  Gas  Lgt  Jour — 
June  28,  1909.     No.  5929. 

The  Bottineau  Gas  Field.  John  G.  Barry. 
Describes    this    region   in    North    Dakota. 
800  w.     Eng  &  Min  Jour — ]\Iay  29,   1909. 
No.  5162. 
See  also  Oil,  under  Minor  Minerals. 

Nitrates. 

The  Nitrates  of  Tarapaca,  Chile.  V. 
Quezada  Carneyro.  Describes  the  nature 
and  genesis  of  these  deposits.  2200  w.  Min 
Jour — May  22,  1909.    No.  5192  A. 

Oil. 

The  Genesis  of  Petroleum  Deposits  (Die 
Entstehung  der  Erdollagerstiitten).  Hans 
Hofer.     A   review  of  theories.     3600  w. 
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Oest  Zeitschr  f  Berg  u  Hiitt'enwesen — May 
22,  1909.    No.  5754  D. 

Oil  and  Gas  in  the  St.  Louis  District.  H. 
A.  Wheeler.  Shows  the  value  of  geologic 
aid  in  prospecting  for  oil  and  gas,  describ- 
ing the  Illinois  fields.  Diagrams.  4500  w. 
Jour  Assn  cf  Engng  Socs — April,  1909. 
No.  5840  C. 
Pegmatites. 

The  Gem  Bearing  Pegmatites  of  West- 
ern Maine.  W.  Rogers  Wade._  History 
and  description  of  the  deposits  where 
tourmaline,  beryl,  feldspar  and  mica  are 
obtained.  4000  w.  Eng  &  Min  Jour — June 
5,  1909.  No.  5296. 
Platinum. 

Geology  of  the  Platinum  Deposits  of  Co- 
lombia. J.  Ciceron  Castillo.  Describes  the 
conditions  and  the  gold  and  platinum  de- 
posits of  this  region.  Map.  1700  w.  Min 
&  Sci  Pr— June  12,  1909.  No.  5590. 
Precious    Stones. 

Mining  for  Gems  in  Brazil.     A.  S.  At- 
kinson.    Explains   the   general   conditions 
and  the  results.    2200  w.    Eng  &  Min  Jour 
— June  19,  1909.     No.  5619. 
Salt. 

Salt  Production  with  exhaust  steam. 
Norman  B.  Beasley.  Describes  the  evapor- 
ation of  brine  as  practiced  in  Michigan. 
800  w.  Eng  &  Min  Jour — June  5,  1909. 
No.  5303. 
Tin. 

Tin — Its  History,  Uses  and  Occurrence. 
Arthur  Lakes.  Information  relating  to  the 
geology  and  mineralogy;  the  history, 
sources,  uses,  &c.  Ills.  2500  w.  Min  Wld 
— June  19,  1909.  No.  5674. 

The  Bessermerizing  of  Hardhead.  Don- 
ald M.  Levy  and  D.  Ewen.  Gives  the 
scope  of  research  work  with  this  waste 
product  of  tin  smelting,  and  a  summary 
of  the  experiments.  2500  w.  Inst  of  Min  & 
Met,  Bui  56 — May  13,  1909.     No.  5602  N. 

Tin  Deposits  of  the  Carolinas.  S.  Mays 
Ball.  Describes  the  tin  deposits  and  the 
extent  to  which  they  have  been  worked. 
1200  w.  Eng  &  Min  Jour — June  5,  1909. 
No.  5301.  _ 

Tin  Mining  and  Milling  in  North 
Queensland.  G.  W.  Williams.  Notes  on 
these  tinfields,  and  the  need  of  modern 
methods  to  develop  the  lowgrade  ores. 
2500  w.  Eng  &  Min  Jour — May  29,  1909. 
No.  5163. 

King  of  the  Ranges  Tin  Mine,  Watson- 
ville,  N.  Q.  Lionel  C.  Ball.  Information 
in  regard  to  the  workings  and  the  geology 
4000  w.  Queens  Gov  Min  Jour — May  15, 
1909.     No.  5820  B. 

Tungsten. 

The  Determination  of  Tungs'tic  Acid  in 
Low-Grade  Wolfram  Ores.  H.  W.  Hut- 
chin.  Describes  a  new  method,  claiming 
advantages  in  time,  accuracy,  and  general 


utility.     4000  w.     Inst  of  Min  &  Met,  Bui 
56 — May  13,  1909.     No.  5600  N. 

The  Determination  of  Tungstic-Acid  in 
Low  Grade  Ores.  Abstract  of  a  paper  de- 
scribing the  aqua  regia  method,  aqua  regia 
with  previous  treatment  with  hydrofluoric 
acid,  and  fusion  with  alkalis  and  subse- 
quent determination  with  mercurous  ni- 
trate. 1500  w.  Eng  &  Min  Jour — June  5, 
1909.  No.  5302. 
Uranium. 

Uranium  Ores  (Die  Uranerze).  A  brief 
review  of  the  uranium  minerals.  2000  w. 
Oest  Zeitschr  f  Berg  u  Hiittenwesen — 
May  15,  1909.     No.  5753  D. 

MINING. 
Boring. 

Churn  Drills  in  Ely  District.  J.  L.  Dob- 
bins. Illustrates  and  describes  the  pros- 
pecting with  these  drills  on  the  ground  of 
the  Nevada  Consolidated  Copper  Co.  2200 
w.  Mines  &  Min — June,  1909.  No.  5248  C, 
Drills. 

Selection  and  Use  of  Bits  for  Power 
Drills.  M.  de  Gennes.  Discusses  the  dif- 
ferent types  and  the  effect  of  size,  shape, 
and  cutting  edge  on  the  results.  1500  w, 
Eng  &  Min  Jour — June  12,  1909.  No.  5476. 
Drill    Sharpening. 

Calumet  and  Hecla  Drill-Sharpening 
Device.  C.  L.  C.  Fichtel.  Illustrated  de- 
scription of  a  plant  that  handles  about 
4000  drills  a  day.  1200  w.  Eng  &  Min 
Jour — May  29,  1909.  No.  5157. 
Earth    Pressures. 

The  Causes  of  Extraordinarily  High 
Earth  Pressures  in  the  Zwickau  District 
and  their  Effects  on  the  Shafts  and  Gal- 
leries (Die  Ursachen  des  aussergewohn- 
lich  hohen  Gebirgsdruckes  in  einem  Telle 
des  Zwickauer  Reviers  and  seine  Wirkung 
auf  die  Schachte  und  Fiillorter).  Dr. 
Niess.  Ills.  5000  w.  Gliickauf — I\Iay  29, 
1909.  No.  5760  D. 
Electric    Hoisting. 

Operation  of  Mine  Hoists  by  Electric 
Motors.  C.  V.  Allen.  Illustrated  de- 
scription, with  special  reference  to  the 
installation  of  the  El  Ore  Mining  and 
Railway  Co.,  Ltd.,  2000  w,  Elec  Jour — 
June,  1909.  No.  5546. 
Explosives. 

Standardization  of  Blasting  Explosives. 
M.  B.  Lloyd.  Read  before  the  Inf.  Cong, 
of  Ap.  Chem.  Present's  the  desirability 
of  standardization,  and  outlines  a  sys- 
tem. 700  w.  Col  Guard — June  11,  1909. 
No.  5655  A. 
Gas  Power. 

Suction  Gas  and  Its  Application  to  Min- 
ing. George  D,  Stephen.  Describes  an  in- 
stallation in  Cumberland,  England.  2000 
w.  Eng  &  Min  Jour — May  29,  1909.  No. 
5158. 
Haulage. 

See   Electric    Power,   under    Coal   and 
Coke. 
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Law. 

Australian  Mineral  'Leasing.  A.  C. 
Veatch.  Summarizes  recent  mining  en- 
actments, all  of  which  are  based'  on  the 
policy  of  mineral  leasehold.  An  address 
delivered  before  the  Conservation  Com- 
mission, Dec.  3,  1908.  2400  w.  Eng  & 
Min  Jour — June  5,  1909.  No.  5298. 
Leasing    System. 

See  Law,  under  Mining. 
Mine  Cars. 

An  Improved  Type  of  Mine  Car  Wheel. 
J.  E.  Johnson,  Jr.     Descriptive.     1500  w. 
Eng    &    Min    Jour — June    12,    1909.      No. 
5475- 
Ore    Handling. 

See  same  title,  under  MECHANICAL 
ENGINEERING,  Transportation  and 
Conveying. 

The  Panel  System  as  Applied  to  Metal 
Mining.  H.  E.  West.  Explains  the  phy- 
sical characteristics  of  the  deposit  which 
made  this  method  desirable.  Ills.  2000  w. 
Eng  &  Min  Jour — June  12,  1909.  No.  5474. 

Prospecting. 

See  Boring,  under  Mining. 
Quarrying. 

See  Coal  Cutting,  under  Coal  and 
Coke. 

Records. 

Recording  Engineering  Records.  Lee 
Hayes.  Describes  methods  used  by  the 
Boston  and  Montana  Consolidated  Cop- 
per and  Silver  Mining  Co.,  Butte,  Mon- 
tana. 4500  w.  Mines  &  Min — June,  1909. 
No.  5241  C. 

Shaft    Sinking. 

Sinking  the  Concrete-Lined  No.  VI 
Shaft  at  the  Rhein-Elbe  Mine  (Das  Ab- 
teufen  des  Schachtes  Rhein-Elbe  VI  mit 
Eisenbetonausbau  in  Steinkohlengebirge). 
Herr  Kaufmann.  Illustrated  description 
of  the  work.  4000  w.  Gliickauf — May  i, 
1909.     No.  5757  D. 

Timbering. 

The  Use  of  Concrete  for  Mine  Sup- 
ports. W.  R.  Crane.  Paper  read  before 
the  Institution  of  mining  engineers.  Des- 
cusses  its  profitable  use  in  mining,  costs, 
methods,  etc.  Ills.  6000  w.  Ir  &  Coal 
Trds  Rev — May  28,  1909.     No.  5454  A. 

Transportation. 

Mule-Back  Transportation  of  Section- 
alized  Machinery.  F.  C.  Roberts  and 
Walter  W.  Bradley.  Illustrated  descrip- 
tion of  methods  used  in  transporting  ma- 
chinery to  district's  accessible  only  by 
mule-back.  4000  w.  Min  &  Sci  Pr — May 
29,  1909.    No.  5206. 

Freighting  Ore  with  Big  String  Teams. 
George  C.  McFarlane.  An  account  of 
practice  in  California  and  its  cost.  1500 
w.  Eng  &  Min  Jour — May  29,  1909.  No. 
5 1 59. 


Tributing. 

Tributing.     H.    F.    Lofts.    A' discussion 
of  this  system  of  mining.     2500  w.     Min 
Jour— June  5,   1909.     No.  5524  A. 
Wire   Rope. 

The  Testing  of  Wire  Rope  (Priifung 
dcr  Drahtseile).  Hermann  Kroen.  A 
mathematical  discussion  of  its  strength, 
with  tables  of  data.  Ills.  3200  w.  Oest 
Zeitschr  f  Berg  u  Hiittenwesen — May  29, 
1909.     No.  5755  D. 

See  also  same  title,  under  MECHAN- 
ICAL ENGINEERING,  Materials  of 
Construction. 

ORE  DRESSING  AND  CONCENTRATION. 

Copper. 

The  Ohio  Concentrator.  Leroy  A.  Pal- 
mer. A  description  of  the  mill  at  Bing- 
ham, Utah,  which  will  have  a  capacity  of 
2250  tons  per  day.  2500  w.  Mines  &  Min 
— June,  1909.     No.  5245  C. 

Gold    Milling. 

Salt  Water  in  Stamp-Mills.  T.  A. 
Rickard.  Describes  the  effect  of  salt 
water,  and  the  method  of  clearing  the 
tables  in  the  Alaska-Treadwell  mill.  Ills. 
1500  w.  Min  &  Sci  Pr — June  19,  1909. 
No.  5827. 

See  also  Amalgamation,  under  Gold  and 
Silver;  and  Foundation^,  under  CIVIL 
ENGINEERING,  Construction. 

Lead  Milling. 

Milling  Practice  in  South-east  Missouri 
District.  Otto  Ruhl.  Illustrated  descrip- 
tion of  the  practice  in  the  disseminated 
lead  district,  and  its  development.  2500 
w.  Min  Wld — June  19,  1909.  No.  5671. 
Magnetic    Separation. 

See  Monazite,  under  Minor  Minerals. 
Roasting. 

Some  Development's  of  Blast  Roasting. 
II.  O.  Hofman.  Describes  the  up-draft 
and  downdraft  roasting  apparatus  used 
for  these  processes.  2200  w.  Min  Jour — 
June  12,  1909.  No.  5631  A. 
Slimes    Treatment. 

Theory  of  the  Settlement  of  Slime. 
Harrison  Everett  Ashley.  Supplementary 
to  a  paper  by  H.  S.  Nichols,  published 
July  II,  1908,  in  this  same  paper.  1000  w. 
Min  &  Sci  Pr — June  12,  1909.     No.  5592. 

Method  for  Saving  Slimes  in  Ore  Con- 
centration. James  N.  Flood.  Illustrates 
and  describes  a  method  and  apparatus  for 
saving  slimes  and  float  metal  in  concentra- 
ting processes  where  a  flow  of  dressing 
water  is  employed.  2000  w.  Min  Wld — 
May  29,  1909.  No.  5170. 
Stamp   Mills. 

The  Mechanics  of  Stamp  Mills  (zur 
Mechanik  der  Pochwerke).  I\I.  Herrmann. 
Mathematical  discussion.  Ills.  Serial,  ist 
part.  2000  w.  Oest  Zeitschr  f  Berg  u 
Hiittenwesen— May  i,  1909.  No.  5752  D. 
Tube   Mills. 

Tube-Mill  Liners.     F.   C.   Brown.     De- 
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scribes  the  "ribbed  liner"  which  has 
given  satisfaction  at  the  Komata  Reefs 
and  Waihi  Grand  Junction  mines,  Dia- 
grams. 1500  w.  N  Z  Mines  Rec — April 
16,  1909.     No.  5822  B. 

MISCELLANY. 
Alloys. 

Metallographic  Researches  at  ♦^he  Got- 
tingen  Institute  of  Mineral  Chemistry 
(Recherches  metallographiques  effectuees 
a  rinstit'ut  de  Chimie  minerale  de  Got- 
tingen).  G.  Tammann.  A  brief  review  of 
the  results  of  researches  on  :he  constitu- 
tion of  alloys.  Ills.  4500  w.  Rev  Gen 
des  Sciences — May  15,  1909,     No.  5728  D. 

The  Preparation  and  Properties  of  Sili- 
co — Manganese  and  Commercial  Silico- 
Spiegel  (Preparation  et  Proprietes  des  Si- 
.lico-manganeses  et  Silico-Spiegels  indus- 
triels).  Jean  Escard,  Describes  the  pre- 
paration of  these  alloys  in  the  electric 
furnace.  3200  w.  L'Elecn — May  8,  1909. 
No.  5729  D. 

Applied   Chemistry. 

The  International  Congress  of  Applied 
Chemistry.  A  report  of  the  7th  Congress 
recently  held  in  London,  with  abstract^ 
of  papers,  7000  w.  Engng — June  4,  1909. 
Serial,    ist  part.    No.  5529  A. 

Atomic    Theory. 

Suggestions  for  a  New  Atomic  Theory. 
James  Moir.  An  explanation  of  the 
writer's  theory  which   is  based  upon   the 


carbon  atom.  Diagrams  and  discussion. 
5500  w.  Jour  Chem,  Met  &  Min  Soc  of 
S  Africa — April,  1909.    No.  5527  E. 

Australia. 

The  Mining  Industry  of  Queensland. 
General  review  of  industry  for  1908  from 
report  of  Under-Secretary  for  Mines.  Ills. 
2900  w.  Aust  Min  Stand — April  28,  1909. 
No.  5395  B. 

California. 

Historical  Geology  of  California.  Wil- 
liam Forstner.  Aims  to  collect  and 
epitomize  the  literature  on  this  subject. 
Ills.  3500  w.  Min  &  Sci  Pr — June  19, 
1909.     Serial,     ist  part.     No.  5826. 

Greece. 

Mining  Industry  of  Greece.  George 
Horton,  U.  S.  Consul.  Brief  discussion 
of  conditions  of  the  industry,  iioo  w. 
Min  Wld — June  5,  1909.     No.  5381. 

Ore   Deposits. 

Features  of  a  Vein  Formation  in  Nica- 
ragua. H.  E.  West.  Describes  the  vein- 
system  and  orebodies  which  apparently 
are  the  results  of  the  fracture  and  de- 
composition of  effusive  rocks.  Ills.  3000 
w.     Eng  &  Min  Jour — June  5,  1909.     No. 

5297. 
Turkey. 

Mineral  Resources  of  the  Turkish  Em- 
pire. Leon  Dominian.  Describing  the 
mineral  deposits  known,  and  their  loca- 
tion. Map.  4500  w.  Min  &  Sci  Pr — June 
12,  1909.     No  I  5589. 


RAILWAY  ENGINEERING. 


CONDUCTING  TRANSPORTATION. 

Accidents. 

Decrease  in  Railway  Fatalities  in   1908. 
Editorial   discussing   railway   accidents   in 
Great  Britain  and  the  United  States.  1000 
w.    Engng — May  28,  1909.     No.  5261  A. 
Signaling. 

The  A  B  C  of  Railroad  Signaling.  W. 
H.  Elliott.  An  explanatory  outline  of 
practice  in  the  United  States.  4000  w. 
Sig  Engr — June,  1909.  Serial.  1st  part. 
No.  5675. 

The  Semaphore ;  Upper  Left  vs.  Upper 
Right.  From  a  paper  by  C.  H.  Morrison, 
discussing  the  merits  of  different  arrange- 
ments. Ills.  1400  w.  R  R  Age  Gaz — 
June  II,  1909.     No.  5472. 

Concerning  the  Handling  of  Wire.  Stan- 
ley C.  Bryant.  Illustrated  suggestions  for 
the  handling  of  copper  wire  and  the  man- 
ner of  making  joints  and  tops  in  signal 
work.  1800  w.  Sig  Engr — June,  1909.  No. 
5676. 

Track  Circuits  and  Batteries.  George 
S.  Hodgins.  Explains  the  arrangement 
and  operation  of  automatic  signals.     2000 


w.    Ry  &   Loc   Engng — June,    1909.     No. 

5234  c. 

Federal  Electric  Interlocking  at  In- 
dianapolis. Brief  description  of  two  all- 
electric  interlocking  plants  recently  in- 
stalled. 1200  w.  R  R  Age  Gaz — June  25, 
1909.     No.  5886. 

AU-Electric  Interlocking  at  Allentown. 
Illustrated  description  of  this  plant.  700 
w.     R  R  Age   Gaz — June   18,   1909.     No. 

5613. 

Interlocking  in  Europe.  Abstract  of  re- 
port by  Adams  and  Ames,  Interstate  com- 
merce commission.  Outlines  systems  em- 
ployed. Ills.  1800  w.  R  R  Age  Gaz — June 
4,  1909.     No.  5288. 

MOTIVE    POWER    AND    EQUIPMENT. 
Air  Brakes. 

Percentage  of  Power  Brakes  on 
Trains.  Discusses  the  proposed  increase 
in  the  percentage  of  cars  equipped  with 
air  brakes.  900  w.  Am  Engr  &  R.  R.  Jour 
—June,  1909.  No.  5342  C. 
Car  Painting. 

Painting  Steel  Cars.    George  L.  Fowler. 
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Calls  attention  to  point's  in  the  usual  prac- 
tice that  help  to  account  for  the  frequent 
poor   results.     3500  w.     R  R  Age   Gaz — 
June  18,   1909.     No.  5612. 
Couplers. 

A  New  Automatic  Coupler  (Eine  neue 
selbsttatige  Mittclpufferkuppelung).  K. 
Scharfenberg.  Illlustrated  description  of 
a  new  type  used  on  a  narrow-gauge  road 
in  Germany.     1800  w.    Glasers  Ann — May 

I,  1909.     No.  5783  D. 
Electrification. 

Railway  Electrification.  N.  W.  Storer. 
Abstract  of  a  lecture  on  reasons  why  rail- 
ways should  be  electrified.  T200  w.  Sib 
Jour  of  Engng — June,   1909.     No.  5809  C. 

Some  Phases  of  Steam-Railroad  Elec- 
trification in  the  United  States.  Edward 
N.  Lake.  A  study  of  progress  and  dis- 
cussion of  the  outlook.  4000  w.  Engineer- 
ing Magazine — July,  1909.  No.  5970  B. 
Freight  Cars. 

General  Service  Steel  Gondola  Cars. 
Description  of  new  steel  cars  with  doors 
to  permit  of  gravity  dumping.  Over  99 
per  cent,  of  the  loading  can  be  discharged 
by  gravity  in  the  latest  type  of  cars.  Ills, 
600  w.  Am  Engr  &  R  R  Jour — June,  1909. 
No.  5339  C. 

Steel  Car  for  Carrying  Plate  Glass.  De- 
scription and  drawings  of  a  new  car  for 
the  Pittsburg  Plate  Glass  Co.  Ills.  500 
w.  Am  Engr  &  R  R  Jour — June,  1909. 
No.  5331  C. 
Locomotive  Ash  Pans. 

Self  Clearing  Ash  Pans.  Discusses  the 
leading  types  of  ash  pans  which  fulfil  the 
requirements  of  the  ash-pan  law  in  effect 
on  Jan.  i,  1910,  for  railways  engaged  in 
interstate  or  foreign  traffic.  Ills,  2600 
w.  Am  Engr  &  R.  R.  Jour — June,  1909. 
No.  5337  C. 

Locomotive  Ash  Pan  Attachment.  De- 
scribes an  improved  ash  pan  Invented  by 
T,  W.  Anderson,  where  warping  does  not 
interfere  with  the  dumping  mechanism. 
Ills.  1 100  w.  Ry  &  Engng  Rev — June  5, 
1909,  No,  5373- 
Locomotive  Boilers. 

Government  Supervision  and  Inspection 
of  Locomotive  Boilers,  A  critical  dis- 
cussion of  bill  No.  236,  introduced  in  the 
United  States  Senate  on  March  22,  with 
editorial.     5000  w.     R  R  Age  Gaz — June 

II,  1909,     No.  5469, 

Comparative  Tests  of  Water  Tube  and 
Standard  Fireboxes,  S,  S,  Riegel,  De- 
scribes tests  of  i-in,  scale  models  in  which 
a  large  gain  in  the  amount  of  water  eva- 
porated by  the  water  tube  boiler  designed 
by  the  author  was  shown.  Ills.  1400  w. 
Am  Engr  &  R  R  Jour — June,  1909,     No. 

5340  C. 

Economy  in  Boiler  Washing.  Illustrates 
and  describes  the  National  Boiler  Wash- 
ing System  in  use  on  the  A,  T.  &  S.  F. 


Ry.,  explaining  its  value,     1500  w,     Ry  & 
Engng  Rev — June  19,  1909.     No.  5670. 

Locomotive  Construction. 

Comparison  of  Locomotive  Building  in 
the  United  States,  Germany  an-'  France. 
Marcel  Bloch.  Trans,  from  ReV.  Gen.  des 
Cliem.  de  Per.  Investigates  the  causes 
that  justify  the  difference  in  price  and 
delivery,  2500  w,  R  R  Age  Gaz — June 
II,  1909.  Serial,  ist  part.  No.  5470 
Locomotive  Economy. 

Steam  Consumption  of  Locomotives 
(Dampfverbrauch  der  Lokomotiven).  Herr 
Obergethmann.  Discusses  the  various  fac- 
tors affecting  it,  gives  results  of  tests, 
etc.  8300  w.  Glasers  Ann — May  15,  1909. 
No.  5785  D. 
Locomotive  Fireboxes. 

A  Locomotive  Firebox  Without  Stay- 
bolts  in  the  Side  Sheets  and  Crown  Sheet. 
Illustrated  description  of  the  Jacobs-Shu- 
pert  system,  Atchison,  Topeka  &  Santa  Fe 
Ry.  Also  editorial.  3500  w,  Eng  News — 
June  17,  1909.  No,  5579. 
Locomotive  Fuels. 

Briquetting  Tests  at  the  United  States 
Fuel-Testing  Plant,  Norfolk,  Virginia, 
1907-8.  Charles  L,  Wright.  Illustrated  de- 
scription of  the  U,  S.  Geol,  Survey  plant 
at  Norfolk,  and  its  equipment,  with  re- 
port of  tests,  8000  w,  U  S  Geol  Survey — 
Bui.  385.  No.  5856  N. 
Locomotive  Maintenance. 

Efficient  Foremen,  J,  F.  Whiteford.  Dis- 
cusses the  training  and  supervision  of  road 
foremen  of  engines  to  secure  the  greatest 
efficiency.  Ills.  4200  w.  Am  Engr  &  R. 
R.  Jour— June,  1909.  No.  5335  C. 
Locomotives. 

Some  Remarkable  Locomotives  of  1908. 
J.  F.  Gairns,  An  illustrated  review  of 
locomotive  development  during  the  year, 
4500  w,  Cassier's  Magazine — June,  1909, 
No,  5539  B 

Articulated  Compound  Locomotives. 
Discussion  of  C.  J.  Mellin's  paper.  6500  w. 
Jour  Am  Soc  of  Mech  Engrs— June,  1909. 
No.  5846  F. 

Details  of  Articulated  Mallet  Com- 
pound Locomotive.  Describes  in  detail 
features  of  valves,  reversing  gear,  and  oil 
heater.  Ills.  1400  w.  R.  R.  Age  Gaz— 
June  4,  1909.     No.  5289. 

Mallet  Articulated  Compound  Locomo- 
tive for  the  Virginian  Railway.  Plate,  and 
illustrated  description  of  engines  for  hand- 
ling traffic  on  steep  grades.  2000  w.  R  R 
Age  Gaz— June  18,  1909.     No.  5614. 

New  Locomotives  for  the  St.  Louis 
Southwestern  Ry.  Illustrates  and  describes 
types,  800  w,  Ry  &  Engng  Rev— June  19, 
1900.     No.  5669. 

Consolidation  and  Pacific  Type  Locomo- 
tives for  the  Chicago  and  Alton  Railroad. 
Description  of  16  heavy  freight  locomo- 
tives   supplied    with    Baker    Pilliod   valve 


We  supply  copies   of  these  articles.     See  page  SSj. 


884 


THE    ENGINEERING    INDEX. 


gear  and  of  5  large  Pacific  locomotives 
similarly  equipped.  Ills.  3400  w.  Ry  & 
Engng  Rev — June  5,  1909.    No.  5367. 

Consolidation  Locomotive  with  New  De- 
sign of  Fire  Tube  Superheater.  Describes 
one  of  a  series  of  ten  engines  built  for  the 
Wabash  Pittsburgh  Terminal  Railway. 
This  locomotive  carries  160  lbs.  steam 
pressure  and  has  25-in.  cylinders  '^.s  against 
200  lbs.  and  22-in.  cylinders  for  the  other 
nine.  Ills.  1000  w.  Am  Engr  &  R.  R. 
Jour — No.  5341   C. 

Heavy  Consolidation  for  Wabash-Pitts- 
burgh  Terminal.  Illustrated  description  of 
a  recently  built  heavy  2-8-0  freight  engine. 
800  w.    Ry  &  Loc  Engng — June,  1909.  No. 

5233  C.  • 

Mikado  Type  Freight  Locomotive.  De- 
scription of  powerful  freight  locomotive  of 
the  2-8-2  type  for  the  Virginian  Rway. 
Ills.  1800  w.  Am  Engr  &  R.  R.  Jour — 
June,  1909.    No.  5330  C. 

Mikado  Type  Locomotives  Built  by  C. 
M.  &  St.  P.  Ry.  Illustrated  detailed  de- 
scription. 1000  w.  Ry  &  Engng  Rev — 
May  29,  1909.     No.  5168. 

Compound  Passenger  Locomotive.  Il- 
lustration and  particulars  of  an  engine  for 
the  Central  Argentine  Railway.  500  w. 
Engr,  Lond — June   11,  1909.     No.  5636  A. 

Twelve-wheeled  Duplex  Tank  Locomo- 
tive; Nitrate  Railways  Company,  Chili. 
Plate  and  illustrated  details.  500  w.  Engng 
— May  21,  1909.     No.  5195  A. 

Two  New  French  Locomotives.  Illus- 
trations and  particulars  of  the  6-coupled 
express  engine  for  Chemin  de  Fer  du 
Nord,  and  the  P.  L.  M.  suburban  and  Ri- 
viera tank  engine.  300  w.  Engr,  Lond — 
June  4,  1909.     No.  5535  A. 

The  New  Four-Cylinder  Compound  Lo- 
comotive with  Three  Coupled  Axles,  Series 
A  3-5,  of  the  Gotthard  Railway  (Die  neue 
Vierzylinder  -  Verbund  -  Lokomotive  mit 
drei  gekuppelten  Achsen,  Serie  A  3-5,  der 
Gotthardbahn).  Illustrated  description. 
Plate.  2000  w.  Schweiz  Bau — May  i, 
1909.  No.  5765  B. 
Locomotive  Superheaters. 

Low,  Moderately  and  Highly  Super- 
heated Steam,  F.  J,  Cole.  Discusses  the 
advantages  and  economy  of  superheated 
steam  in  railway  locomotives.  3200  w.  Am 
Engr  &  R  R  Jour — June,  1909.  No.  5329  C. 

Locomotive  Symbols. 

Uniformity  in  the  Symbols  Used  to  Rep- 
resent Different  Types  of  Locomotives.  P. 
Labryn.  Gives  explanation  of  systems 
used.  1000  w.  Bui  Int  Ry  Cong — May, 
1909.  No,  5685  G, 
Locomotive  Tenders. 

Location  of  Side  Bearings  on  Tender 
Trucks,  Theodore  H.  Curtis,  Discusses 
the  proper  design  of  locomotive  tenders. 
Ills,  1 1 50  w.  Am  Engr  &  R.  R,  Jour — 
June,  1909.     No.  5334  C. 


Locomotive  Testing. 

Combustion  and  Evaporation.  Lawford 
H.  Fry.  Discussion  of  an  analysis  of  the 
testing  of  locomotives  at  the  St.  Louis 
Exposition  by  Joseph  Nodal  in  his  book 
Locomotives  a  Vapour.  1650  w.  Am  Engr 
&  R.  R.  Jour — June,  1909.  No.  5332  C. 
Locomotive  Valve  Gears. 

The  Walschaerts  Valve  Gear  as  Applied 
tb  Locomotives.  The  present  number 
deals  with  the  general  principles.  1200 
w.  Ry  &  Loc  Engng — June,  1909.  Serial. 
1st  part.    No.  5235  C.  ^ 

Locomotive  Wheels.  ;■ 

Flange   Wear  of  Driving  Tires.   R.   H, 
Rogers.    Discusses  the  possible  elimination 
of  flange  wears.     Ills.     2000  w.    Am  Engr 
&  R.  R.  Jour — June,  1909.     No.  5338  C. 
Motor  Cars. 

Motor  Section  Cars  on  the  C,  M.  &  St. 
P.  Ry.  An  illustrated  account  of  the  use 
of  these  cars,  describing  the  details.  Also 
editorial.  3000  w.  Ry  &  Engng  Rev — 
June  19,   1909.     No.  5668. 

Accumulative  Cars  for  the  Prussian 
State  Railways  (Akkumulator-Doppelwa- 
gen  fiir  die  preussische  Staatsbahn  ver 
waltung).  H.  Becker.  A  complete  de- 
scription. Ills.  3000  w.  Elek  Kraft  u 
Bahnen — May  14,  1909.    No.  5952  D. 

Motor  Car  Traffic  on  the  Prussian-Hes- 
sian State  Railways  (Triebwagenverkehr 
auf  den  preussisch-hessischen  Staatsbahn- 
en).  Describes  the  work  of  the  new  ac- 
cumulator cars.  Ills.  2000  w.  Elek  Kraft 
u  Bahnen — May  14,  1909.  No,  5951  D. 
Snow  Plows. 

A  Rotary  Snow  Plow  on  the  Orleans 
Railway  (Chasse-Neige  rotatif  a  Vapeur 
de  la  Compagnie  d'Orleans).  M.  Conte. 
Illustrated  description.  3000  w.  Rev  Gen  des 
Chemins  de  Fer — May,  1909.  No.  5727  C, 
Train  Resistance. 

The  Resistance  of  Railway  Trains.  Al- 
bert Frank.  Statements  in  reply  to  Prof. 
Carus-Wilson's  criticism  of  the  experi- 
mental formulae  established  by  the  author. 
2000  w,  Bui  Int  Ry  Cong — May,  1909. 
No.  5683  G, 
Wheels. 

Schoen  Steel  Wheels,  Information  con- 
cerning standard  designs  and  specifica- 
tions for  various  classes  of  service.  Ills. 
3000  w.    Ir  Age — June  17,  1909.    No,  5566. 

NEW  PROJECTS. 
Chile. 

The  Construction  of  the  Transandine 
Railway,  Illustrated  description  of  the 
connecting  link  in  the  first  railway  to  join 
the  Atlantic  and  Pacific  Oceans  across 
South  America.  1500  w.  Eng  Rec — June 
5,  1909.  No,  5277. 
India. 

The  Pegu-Moulmein  Railway  and  Sit- 
tang  River.     A,   Stewart  Buckle.     An  il- 
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lustratccl  accooiint  of  the  construction  of 
this  recently  completed  railway  in  Burma. 
3500  w.  Engr,  Lond — June  4,  1909  Serial. 
1st  part.    No.  5534  A. 

PERMANENT     WAY     AND     BUILDINGS. 

Crossings. 

Grade  Crossings,  H.  J.  Pfeifer.  Dis- 
cusses matters  in  connection  with  the 
elimination  of  grade  crossings.  General 
discussion  follows.  7000  w.  Pro  St. 
Louis  Ry  Club — May  14,  1909.     No.  5545. 

Curves. 

Easement  Curves.  Robert  H.  Smith. 
Mathematical  discussion,  3000  w.  Engr, 
Lond— June  4,   1909.     No.  5533  A, 

Joining  Curves  and  Tangents  (Note 
sur  le  Raccordement  des  Courbes  et  des 
Alignements  dans  les  Voies  de  Chemins 
de  Fer).  M.  Collot.  A  mathematical  dis- 
cussion of  the  method  of  laying  out 
curves  in  railway  track  Ills.  5500  w.  Rev 
Gen  des  Chemins  de  Fer — May,  1909.  No. 
5726  G. 

Elevated  Railways. 

A  Review  of  Track  Elevation  in  Chi- 
cago. Shows  the  progress  of  the  work 
since  its  inception.  3000  w.  Eng  News — 
June  3,  1909.     No.  5219. 

Chicago  Track  Elevation.  M.  K.  Trum- 
bull. Summary  of  a  voluminous  report 
dealing  with  the  rebuilding  of  railways  in 
Chicago.  Map  and  tables.  3000  w.  R. 
R  Age  Gaz — June  4,  1909.    No.  5291. 

Track  Elevation  in  Chicago.  Informa- 
tion from  a  recent  work  giving  the  history 
of  the  extensive  work  for  the  elimination 
of  grade  crossings.  Map.  4000  w.  Eng 
Rec — May  29,  1909.    No.  5143. 

Location. 

The  Location  of  Railways  in  Mountain- 
ous Countries  (Die  wirtschaftliche  Lini- 
enfuhrung  bei  Gebirgsbahnen).  L.  Pot- 
terat.  A  discussion  of  economic  con- 
siderations. Ills.  3000  w.  Schweiz  Bau — 
May  29,  1909.  No.  5769  B. 
Rack  Railways. 

The  Chamonix  and  Mer  de  Glace  Rail- 
way. William  F.  Johnston.  Illustrated 
description  of  a  new  rack  railway  in  the 
Mont  Blanc  region.  1500  w.  Eng  Rec — 
June  12,  1909.  No.  5485 
Rail  Creeping. 

Rail  Creeping  and  Its  Prevention  (Die 
Schienenwanderung  und  ihre  Verhiitung). 
Alfred  Wirth.  An  exhaustive  study,  de- 
scribing rail-fastening  devices.  Ills.  Serial, 
1st  part.  5000  w.  Zeitschr  d  Oest  Ing  u 
Arch  Ver — May  14,  1909.  No.  5788  D. 
Rail  Testing. 

Machine  for  Testing  Railway  Rails. 
Illustrated  description  of  the  rail  testing 
machine  designed  by  the  Penns>lvania 
Steel  Co.  1200  w.  Ry  &  Log  Engng — 
June,  1909.  No.  5232  C. 
Reconstruction. 

The  Waterbury  Improvements  of  the 
New  Haven  Railroad.  Illustrates  and  de- 


scribes improvements  including  the  change 
frorn  single  to  double  track,  realignment, 
elimination  of  grade  crossings,  etc.     2500 
w.     Eng  Rec — May  29,  1909.     No.  5144. 
Stations. 

^  The  Enlargement  of  the  Vohwinkel  Sta- 
tion and  its  Improvement  of  Conditions 
(Die  Bahnhofserwciterung  in  Vohwinkel 
und  ihre  Einwirkung  auf  den  Bctrieb). 
Herr  Claus.  Describes  the  extensive  im- 
provements. Ills.  Plate.  4500  w.  Gla- 
sers  Ann — May  15,  1909.    No.  5784  D. 

Switches. 

Practical  Railv/ay  Track  Work — Switches. 
K.  L.  Van  Auken.  A  consideration  of 
switch  construction  work.  4000  w.  Wis 
Engr — April,  1909.    No.  5689  D. 

Ties. 

Railway  Ties  in  France.  A  U.  S.  Con- 
sular Report  from  Havre  describing  use 
of  timber  ties  on  French  railways  and  op- 
portunities for  the  introduction  of  Amer- 
ican ties.  900  w.  Ry  &  Engng  Rev — June 
5,  1909.  No.  5369. 
Track  Construction. 

Mechanical  Appliances  for  Track-Lay- 
ing. J.  F.  Springer.  Illustrated  descrip- 
tion of  the  recent  developments  in  ma- 
chines for  the  continuous  construction  of 
permanent  way.  5500  w.  Cassier's  Mag — 
June,  1909.  No.  5542  B. 
Track  Maintenance. 

Modifications  of  Ordinary  Methods  in 
the  Execution  of  Work  on  the  Roadbed 
of  an  Operating  Railway  (Ueber  Modifi- 
kationen  normaler  Baumethoden  anliiss- 
lich  der  Ausfiihrung  diverser  Objekte  im 
Unterbau  eines  betriebenen  Bahngeleises). 
Johann  Basta.  Discusses  various  classes  of 
work.  Ills.  Plates.  Serial.  ist  part. 
5000  w.  Oest  Wochenschr  f  d  Oeffent 
Baudienst — May  i,  1909.     No.  5790  D. 

See  also  Motor  Cars,  under  Motive 
Power  and  Equipmept. 

TRAFFIC. 

Freight  Claims. 

Freight  Claim  Departments.  W.  L. 
Schneider.  Gives  a  summary  of  the  pres- 
ent manner  of  handling  unclaimed  freight, 
and  suggests  improvements.  1800  w.  R  R 
Age  Gaz — June  25,  1909.  No.  5887. 

Freight  Handling. 

Freight-Handling  Equipment.  Werner 
Broecklin.  Illustrates  and  describes  in- 
teresting methods  of  mechanical  handling 
and  suggests  possible  extensions.  2500  w. 
Engineering    Magazine — July,    1909.      No. 

5975  B. 

MISCELLANY. 

Management. 

Methods  of  the  Santa  Fe.  Efficiency  in 
the  Manufacture  of  Transportation. 
Charles  Buxton  (joing.  Fifth  and  last 
article  of  a  series,  discussing  the  appren- 
ticeship system  and  relations  with  em- 
ployers. Ills.  5000  w.  Engineering 
Magazine — July,   1909.   No.   5973   B. 
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Accounting. 

The  Accounting  Department.  W.  B. 
Wright.  Abstract  of  paper  describing 
organization  and  routine  of  the  account- 
ing department,   its  relation  to  otiier  de- 

.  partments,  and  the  duties  of  its  chief. 
Read  before  Central  Elec.  Ry.  Association. 
2500  w.    Elec  Ry  Jour — ^June  5,  1909.   No. 

5255. 
Adelaide,  Australia. 

Adelaide  Electric  Tramways.  Descrip- 
tion of  a  modern  plant  and  system  oper- 
ated by  a  municipal  trust.  Ills.  5500  w. 
Aust  Min  Stand — April  2S,  1909.  No. 
5458  B. 
Car  Barns. 

Street'  Railway  Car  House  Design  and 
Operation.  H.  B.  Fleming.  Abstract  of 
paper  presented  at  a  joint  meeting  of 
Western  Society  of  Engineers  and  Chi- 
cago Section  American  Institute  of  Elec- 
trical Engineers,  Chicago,  May  28.  1800 
w.  Elec  Ry  Jour — June  5,  1909.  No. 
5258.  . 
Cars. 

A  Novel  Street-Railway  Car.  P.  W. 
Price,  Illustrated  description  of  a  pre- 
payment type  of  car  with  center  exit  in 
use  in  Pittsburg.  600  w.  Eng  News — 
June  17,  1909.  No.  5577. 
Car  Weights. 

Car  Weights  as  Affecting  Operating 
Costs.  Abstract  of  a  paper  by  Milan  V. 
Ayres,  read  at  a  meeting  of  Mass.  St.  Ry. 
Assn.  2200  w.  Elec  Ry  Jour — June  19, 
1909.  No.  5593- 
Direct  Current. 

Direct-Current,  1200-Volt,  Railway  Op- 
eration. Extracts  from  an  article  by  G.  H. 
Hill  in  General  Electric  Review,  in  which 
high  potential  methods  as  recently  devel- 
oped are  discussed.  Ills.  2400  w.  Ry  & 
Engng  Rev.    June  5,  1909.     No.  5370. 

Electric  Traction  by  Constant  Intensity 
Continuous  Current  (Sur  la  Traction  par 
Courant  continu  a  Intensite  constante). 
Discussion  on  M.  Bourdel's  paper  on  this 
subject.  2500  w.  Bui.  Soc  Int  des  Elecns 
— May,  1909.  No.  5720  F. 
Dispatching. 

See  Signalling,  under  Street  and  Elec- 
tric Railways. 
Electric  Traction. 

On  Certain  Features  of  the  Traction 
Problem  (Sur  certaines  Conditions  du 
Probleme  de  la  Traction).  J.  de  Traz. 
A  discussion  of  the  power-requirements 
problem.  Ills.  6700  w.  Bui  Soc  Int  des 
Elecns — May,  1909.  No.  5719  F. 
Interurban. 

Development   of   Traffic   on   Interurban 
Lines.  Abstract  of  a  paper  by  C.  M.  Che- 


ney before  Iowa  Street  and  Interurban 
Ry.  Assn.,  which  discusses  methods  of 
building  up  business  in  the  Middle  West. 
2500  w.  Ry  &  Engng  Rev — ^June  5,  1909. 
No.  5372. 

See  also  Central  Stations,  under  ELEC- 
TRICAL ENGINEERING,  Generating 
Stations. 

Locomotives. 
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THE   PLANNING   AND    BUILDING   OF 

PLANTS. 

By  Charles  Day. 

Mr.  Day's  articles — or,  more  specifically,  the  first  two  of  the  series  here  begun — are 
based  upon  a  lecture  delivered  May  5,  1909,  before  the  Graduate  School  of  Business 
Administration,  Harvard  University.  The  mode  of  attacking,  analyzing,  and  solving  the 
problems  of  factory  construction  is  so  original,  so  thorough,  and  so  valuable  for  general 
use  that  the  series  has  been  Completed,  at  the  invitation  of  The  Engineering  Magazine, 
for  wider  presentation.  As  here  presented,  the  original  matter  is  revised,  adapted,  and 
very  largely  extended  to  cover  the  later  phases  of  construction  and  occupancy. — The 
Editors, 

INDUSTRIAL  plants  have  to  do  broadly  with  the  manufacture 
of  articles  for  commerce,  and  the  problems  that  must  be  taken 
into  account  when  building  new  plants  relate  to  the  use  of  ma- 
chinery, the  provision  of  shelter,  the  management  of  labor,  and  all 
other  economic  conditions  that  affect  the  manufacturing  and  market- 
ing of  the  output. 

It  will  be  the  purpose  of  this  and  the  following  articles  to  deal 
with  the  more  important  factors  that  compose  these  main  headings ; 
and  as  only  a  comparatively  small  group  of  men  would  be  interested 
in  the  detail  considerations  presented  by  a  given  business,  I  will  aim 
to  convey  the  scope  of  the  problem  as  relating  to  industries  generally, 
and  to  point  out  the  method  of  attack  that  is  in  any  case  necessary 
for  its  proper  solution.  Therefore,  the  discussion  will  have  to  do 
with  matters  that  are,  to  some  extent,  common  to  the  building  of  all 
industrial  plants,  whether  it  be  one  for  the  manufacture  of  machine 
tools  or  automobiles,  for  the  preservation  of  food  products  or  for 
making  carpet*  or  cement  or  pottery  as  the  case  may  be. 

Entirely  new  enterprises  usually  have  a  small  beginning,  manu- 
facturing space  being  rented  in  a  building  that  substantially  meets 
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the  requirements,  or  a  small  plant  being  built  that  would  hardly  come 
within  the  class  of  enterprises  we  have  under  consideration.  Large 
industries  are  almost  always  the  result  of  a  gradual  growth;  so  that, 
in  the  majority  of  cases,  new  machinery  and  buildings,  if  at  all  ex- 
tensive, are  either  additions  to  existing  plants  or  are  provided  for 
the  continuance  of  a  business  formerly  conducted  elsewhere. 

Until  recently  industrial  managers  were  too  prone  to  consider 
that  the  work  incident  to  the  building  of  plants  and  factories  had  no 
intimate  bearing  upon  their  future  operation.  They  assumed  that 
the  degree  of  success  attainable  through  conducting  an  industrial 
business  depended  upon  the  efficiency  with  which  it  was  managed, 
and  failed  to  appreciate  the  limitations  that  can  be  permanently  im- 
posed during  the  building  period.  This  statement  is  borne  out  by 
the  large  number  of  concerns  that  have  had  to  labor  under  excessive 
investment  charges  or  adverse  manufacturing  condition,  brought 
about  possibly  through  the  initial  selection  of  unsuitable  types  of 
buildings,  or  because  it  was  necessary  to  demolish  good  structures  in 
order  to  make  extensions,  or  on  account  of  inadequate  real  estate  for 
needed  development,  owing  to  the  property  having  been  improperly 
apportioned  originally,  or  for  other  causes  that  will  suggest  them- 
selves. The  occurrence  of  one  or  more  of  these  conditions  is  so 
usual  that  we  must  conclude  that  many  industrial  plants  have  been 
built  without  sufficient  thought  being  given  to  existing  and  future 
needs. 

Moreover,  the  subject  is  constantly  assuming  greater  importance, 
owing  to  the  phenomenal  growth  of  the  industrials  in  this  country 
and  abroad.  Increasing  confidence  in  their  permanency  is  evidenced 
by  the  more  general  desire  of  administrators  to  provide  adequately 
for  the  future,  so  there  is  now  needed,  in  the  building  of  industrial 
plants,  a  degree  of  foresight  that  former  conditions  did  not  often 
warrant.  The  building  problem  also  becomes  more  complex  as  com- 
panies assume  larger  proportions  (either  as  a  result  of  development 
or  consolidation),  owing  to  the  additional  factors  introduced  when 
providing  for  a  large  amount  of  diversified  machinery,  and  for  the 
handling  and  control  of  large  numbers  of  employees.  Fortunately 
an  understanding  as  to  the  exacting  requirements  of  modern  equip- 
ment and  processes  and  of  new  systems  of  industrial  administration 
and  the  desire  to  provide  for  the  future  has  resulted  in  directing 
attention  to  the  initial  work  incident  to  the  building  of  new  plants, 
and  it  is  now  more  generally  appreciated  that  the  efficiency  of  any 
industrial  establishment,  in  the  final  analysis,  is  governed  to  no  small 
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extent  by  the  effectiveness  of  the  work  done  prior  to  the  actual  com- 
mencement of  building  operations. 

Now  as  to  the  performance  of  this  preliminary  work,  it  was  first 
assumed  that  those  who  were  to  operate  a  plant  should  advise  the 
architect  or  engineer  concerning  the  size,  character,  and  internal 
arrangements  of  all  buildings,  and  such  factors  as  the  selection  and 
arrangement  of  machinery,  facilities  for  receiving,  handling,  and 
shipping  materials,  etc.  The  supposition  was  that  the  experience 
required  in  order  to  pass  correct  judgment  upon  these  matters  was 
wholly  outside  the  knowledge  of  those  who  were  not  directly  engaged 
in  the  business  in  question.  A  marked  change  in  policy,  however, 
has  been  brought  about  largely  by  a  class  of  administrators  (the 
product  of  our  large  and  scientifically  managed  industrials),  who 
realize  that  they  cannot  hope  to  find,  within  their  own  specialized 
organizations,  men  possessing  the  broad  experience  and  particular 
ability  needed  for  the  successful  performance  of  all  the  diversified 
work  required  when  building  a  new  plant  or  making  large  extensions. 

What  I  have  just  said  will  be  more  clear  after  consideration  has 
been  given  to  the  classification  of  the  subject  appearing  below.  It 
will  be  evident  that  during  the  limited  period  needed  for  the  design- 
ing of  a  new  plant,  almost  every  branch  of  engineering  may  be  called 
into  play,  whereas  the  proper  conduct  of  the  routine  work  for  which 
the  plant  is  built  may  require  little  or  no  acquaintance  with  these. 
I  am  especially  anxious  that  I  should  not  be  misunderstood  in  this 
regard.  Those  for  whom  the  new  plant  is  being  built  must  in  any 
event  be  counted  upon  to  dictate  primary  requirements,  but  in  the 
majority  of  cases  their  experience  should  be  supplemented  by  the 
broader  knowledge  of  others. 

For  the  use  of  a  better  term,  "Industrial  Engineering"  has  been 
quite  generally  adopted  as  the  name  for  the  professional  service  ren- 
dered by  independent  engineers  engaged  upon  such  work  as  we  have 
under  consideration.  Industrial  engineers  are  not  usually  consulted 
until  the  decision  to  build  has  been  reached.  Such  a  decision  is 
almost  always  followed  by  a  desire  upon  the  part  of  the  principals  to 
have  the  work  completed  at  the  earliest  moment.  This  is  but  natural, 
as  the  need  for  greater  facilities  and  accommodations  for  them  is 
usually  pressing.  Therefore,  the  engineer  engaged  (as  the  owner 
puts  it),  "to  prepare  the  building  drawings,"  must  accept  as  a  basis 
much  that  the  owner  pronounces  as  satisfactory  practice — and  this 
is  as  it  should  be,  for  it  is  principally  in  regard  to  the  broader  con- 
siderations bearing  on  shop  and  factory  layout  that  he  can  be  of  the 
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most  service.  However,  the  combined  efficiency  of  a  new  plant  is  in 
any  event  dependent  to  a  marked  extent  upon  the  experience  and 
abihty  of  those  for  whom  the  work  is  being  done. 

The  planning  and  constructing  of  an  industrial  plant  is  essentially 
a  one-man  job,  so  far  as  control  is  concerned,  but  necessarily,  owing 
to  the  diversified  problems  that  are  presented,  the  industrial  engineer 
must  have  the  support  of  not  only  his  principals  but  of  the  engineer- 
ing and  commercial  organization  with  which  he  is  identified. 

He  co-ordinates  the  mass  of  technical  matter  turned  in  to  him  by 
the  various  engineers  engaged  upon  his  work,  and  on  account  of 
his  intimate  acquaintance  with  his  client's  needs,  aims,  and  resources, 
he  is  able  to  consider  the  conclusions  presented  from  a  broad  stand- 
point that  is  wholly  unknown  to  the  individual  workers.  A  man  act- 
ing in  this  capacity  must  know  how  to  co-operate  successfully  with 
other  men;  to  establish  confidence  in  his  methods  through  complete 
frankness  as  to  his  own  or  his  organization's  limitations ;  and  to 
remember  constantly  that  it  is  the  final  result  that  measures  the  use- 
fulness of  his  efforts,  and  that  it  is  absolutely  immaterial  from  what 
source  a  given  suggestion  may  come.  It  is  this  mental  attitude  that 
marks  the  successful  industrial  engineer,  and  the  combination  of  a 
wholly  impersonal  attitude,  coupled  with  the  ability  to  take  an  aggres- 
sive position  when  conditions  warrant  it,  is,  as  a  rule,  acquired  only 
after  considerable  service. 

As  the  engagement  of  industrial  engineers  is  constantly  becoming 
more  customary,  I  will  assume  that  this  course  is  followed.  By 
doing  this,  the  part  that  the  owner  or  operators  must  in  any  case 
contribute  to  the  work  will  be  emphasized,  and  it  will  be  equally 
clear  that  the  creative  work  of  the  industrial  engineer  has  to  do  with 
such  matters  as  are  not  usually  included  in  the  routine  experience 
and  work  of  owner  or  operator. 

The  classification  of  our  subject  that  has  already  been  referred 
to  appears-  below.  The  main  and  sub-headings  are  only  briefly  de- 
scribed, but  in  the  discussion  that  follows  each  of  these  captions 
will  be  taken  up  in  considerable  detail. 

Classifications  of  Work  Incident  to  the  Planning  and  Build- 
ing OF  Industrial  Plants. 
P. — Preliminary   Service    (Definition   of   requirements)  ; 
F. — Financing ; 

D. — Detail  plans  and  specifications; 
C. — Construction  work  and  installation  of  equipment; 
M. — Period  of  occupation  and  commencement  of  operation. 
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The  principal  subdivisions  of  the  above  headings  are : 
(P)   Preliminary  Service. 

P-a.  Ascertain  the  specific  manufacturing  requirements  and  compile  data 

relating  to  present  and  future  needs, 
P-b.  Ascertain  fundamental  principles  that  will  be  followed  in  new  plant 

regarding  the  administration  of  all  manufacturing  details. 

P-c.  Consider  features  exemplified  by  plants  recently  built  for  essentially 
the  same  class  of  work. 

P-d.  Determine  kind  and  amount  of  machinery  that  should  be  provided 
for  immediately. 

P-e.  Decide  upon  geographical  location  of  site  and  whether  plant  should 

be  built  in  business  centre  or  suburban  section. 
P-f.  Decide  preliminarily  upon  arrangement  of  equipment  and  processes 

based  upon  elemental  routing  and  administration  requirements. 
P-g.  Determine    floor    areas    required    for    manufacturing    departments, 

storage  departments,  assembling  departments,  offices,  etc.     Also 

likely  future  requirements. 

P-h.  Determine  which  departments  must  be  accommodated  on  the  ground 
level  and  which  may  go  on  upper  floors. 

P-i.  Determine  railroad  and  trucking   facilities  that  should  be  available 

for  receipt  and  shipment  of  materials. 
P-j.  Determine    total    property    area    needed    at   once,    and    amount    that 

should  be  reserved  for  the  future. 

P-k.  Select  property  that  most  nearly  meets  the  requirements  dictated  by 
study  of  foregoing  factors.  If  possible  it  is  preferable  to  defer 
purchase  until  completion  of  preliminary  work. 

P-1.  Prepare  alternate  layouts  of  departments,  segregating  them  into  one 
or  more  buildings  of  assumed  types,  taking  into  account  all  the 
foregoing  factors  including  the  selected  property. 

P-m,  Reconsider  all  work  done  so  far  and  prepare  a  revised  layout 
incorporating  as  far  as  possible  the  best  features  of  the  various 
preliminary  studies.     Make  out  line  drawings  of  buildings. 

P-n.  Prepare  a  classified  estimate  of  cost  based  upon  unit  prices. 

P-o.  Determine  whether  estimated  expenditure  w^ould  result  in  a  "fixed 
charge"  consistent  with  the  probable  profits  of  the  business,  i.  e., 
can  the  business  carry  the  necessary  investment? 

P-p.  Determine  whether  owner  is  prepared  to  make  the  total  justifiable 
expenditure. 

P-q.  If  financial  limitations  (P-o  or  P-p  or  both)  require  it,  revise 
the  layouts  and  prepare  data  and  plans  suitable  as  a  basis  for  the 
preparation  of  architectural  and  engineering  plans. 

(F)   Financing. 

We  will  assume  that  the  owner  personally  provides  the  necessary 
funds  and  is  not  assisted  in  any  way  during  his  negotiation  therefor 
by  the  industrial  engineer.  This  is  the  usual  condition  in  connection 
with  the  building  of  industrial  plants. 
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(D)  Detail  Plans  ani^  Specifications. 
(To  meet  requirements    defined    by  the  preliminary  work.) 

D-a.  Prepare  plans  and  specifications  for  special  machinery  as  defined 
by  preliminary  work. 

D-b.  Prepare  plans  and  specifications  for  all  other  physical  features 
defined  by  the  preliminary  work. 

D-c.  Prepare  plans  and  specifications  for  power  generating,  transmission, 
and  driving  equipment  to  meet  the  established  requirements. 

D-d.  Prepare  plans  and  specifications  for  equipment  needed  to  provide 
artificial  lighting  in  accordance  with  fixed  requirements. 

D-e.  Prepare  plans  and  specifications  for  ventilating  and  heating  equip- 
ment needed  to  meet  fixed  requirements. 

D-f.  Prepare  plans  and  specifications  for  sanitary  arrangements  needed 
to  meet  fixed  requirements. 

D-g.  Prepare  plans  and  specifications  for  fire-prevention  apparatus  based 
upon  the  conditions  established  by  the  preliminary  work. 

D-h.  Prepare  plans  and  specifications  for  the  complete  building  or  build- 
ings, so  prepared  as  to  harmonize  with  the  plans  and  specifica- 
tions covered  by  headings  D-a  to  D-g  inclusive  and  to  meet 
requirements  defined  by  preliminary  work. 

D-i.  Prepare  plans  and  specifications  for  yard  provisions  that  must  be 
made  to  meet  fixed  requirements. 

D-j.  Prepare  contracts  to  accompany  plans  and  specifications  when  so- 
liciting bids,  so  drawn  as  to  provide  proper  protection  for  both 
the  owner  and  contractor. 

(C)   Construction  Work  and  Installation  of  Equipment. 

C-a.  Select  responsible  concerns  to  bid  upon  plans  and  specifications  and 
secure  bids  from  such  parties. 

C-b,  Tabulate  bids,  confer  with  Owner,  followed  by  placing  of  contracts. 

C-c.  Superintend  building   construction  and  yard  work. 

C-d.  Superintend  installation  of  "service  equipment"  and  all  standard 
and  special  machinery  or  appliances  needed  for  industrial  pur- 
poses. 

C-e.  Check  work  as  to  quality  and  amount  and  approve  invoices. 

C-f.  Certify  as  to  completion  of  contracts. 

(M)   Period  of  Occupation  and  Commencement  of  Operation. 

M-a.  Move  equipment  and  accessories  from  old  plant  into  the  new, 
transfer  force,  and  start  up  work. 

M-b.  Correct  minor  discrepancies  that  invariably  evidence  themselves 
after  the  plant  as  a  whole  is  put  into  operation. 

M-c.  Train  the  force  of  administrators  and  operators  along  the  lines 
necessary  to  bring  about  the  most  efficient  utilization  of  the  build- 
ings and  other  facilities  provided. 

(P)   Preliminary  Service. 
P-General. 
While  it  is  clear  that  each  of  the  factors  listed  above  under  "Pre- 
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liminary  Service"  has  a  bearing  upon  the  building  of  industrial 
plants,  irrespective  of  the  nature  of  their  output,  it  must  not  be 
overlooked  that  their  relative  imporance  is  governed  wholly  by  he 
purpose  and  conditions  of  each  particular  business  that  is  taken 
under  consideration,  and  the  governing  factor  in  one  case  will  assume 
only  a  minor  part  in  another.  In  one  business  the  governing  motive 
may  be  publicity,  and  the  need  of  effecting  economies  in  processes  of 
manufacture  may  be  unimportant,  as  is  illustrated  by  certain  of  the 
patent-medicine  companies.  In  another  case  the  advertising  problem 
may  be  automatically  solved  through  the  attainment  of  a  product 
of  the  highest  standard,  as  is  exemplified  by  the  business  built  up  by 
the  Herreshofif  Manufacturing  Co.,  designers  and  builders  of  boats, 
and  the  work  conducted  some  years  ago  by  Alvan  Clark,  whose 
telescope  lenses  were  of  such  superlative  worth  that  they  were  sought 
from  all  parts  of  the  world.  In  these  instances  everything  is  sacri- 
ficed to  quality  and  a  standard  of  product  is  attained  that  practically 
eliminates  competition.  The  majority  of  industrial  plants,  however, 
are  supplying  to  the  market  articles  subject  to  close  competition,  and 
quality  of  output,  economy  of  manufacture,  and  sales  efifort,  are 
matters  of  almost  equal  consequence.  This  phase  of  the  subject 
should  be  constantly  in  mind  during  the  explanation  that  follows, 
for  it  cannot  be  emphasized  sufificiently  except  by  taking  up  the 
detail  consideration  presented  by  a  given  industrial  plant. 


P-a.  Ascertain  the  specific  manufacturing  requirements  and  compile  data 
relating  to  present  and  future  needs. 

I  have  stated  that  new  buildings  and  machinery  for  industrial 
purposes,  if  extensive  in  character,  are  almost  always  provided  for 
those  who  are  already  engaged  in  the  line  of  business  that  is  to  be 
accommodated,  so  that  the  preliminary  work  commences  with  a  study 
of  the  existing  methods  and  facilities  and  a  knowledge  of  the  pur- 
poses that  have  prompted  the  building  work. 

It  can  be  properly  assumed  that  the  fundamental  reason  a  given 
organization  is  engaged  in  a  certain  business  is  the  familiarity  of  its 
members  with  the  requirements  of  the  trade  supplied.  Such  knowl- 
edge is  the  main  asset  of  those  engaged  in  industrial  work,  so  that 
they  are  necessarily  best  able  to  define  just  what  the  plant  is  to  manu- 
facture and  what  its  output  shall  be.  Therefore,  the  industrial  engi- 
neer must  look  to  his  principals  for  advice  in  this  regard. 

Every  large  business  has  one  or  more  men  who  devote  all  or 
part  of  their  time  to  the  study  of  the  principal  matters  coming  under 
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the  first  heading  of  "preHminary  service;"  and  changes  in  processes, 
the  installation  of  new  equipment  or  apparatus,  and  the  rearrange- 
ment of  machinery  or  departments  are  constantly  going  on.  The 
articles  comprising  a  large  part  of  this  Magazine's  publications  bear 
witness  to  the  enormous  r.rnount  of  investigation  and  planning  that 
is  necessary  to  keep  abreast  of  the  times  in  even  a  comparatively 
narrow  field  of  industrial  work. 

The  selection  of  equipment  types  and  processes  is  obviously  at  the 
root  of  economical  production,  so  constant  study  must  be  made  of 
these  subjects  to  keep  reasonably  up  to  date.  Betterment  of  methods 
usually  is  attained  only  after  much  time  and  money  have  been  ex- 
pended, and  it  is  manifestly  the  province  of  those  who  are  directly 
engaged  in  a  given  business  to  institute  research  work  of  this  char- 
acter. The  development  of  methods  and  processes  incident  to  the 
manufacture  of  almost  any  line  of  output  illustrates  the  condition  to 
which  I  have  just  directed  attention.  For  example,  the  present 
method  of  forming  the  felt  body  of  the  Derby  hat,  or  the  process 
now  used  in  making  the  printer's  matrix,  or  the  determination  of 
the  composition  and  treatment  of  steel  for  an  efificient  automobile 
spring,  have  been  brought  to  their  present  high  efficiency  only  after 
years  of  painstaking  work,  and  further  advances  will  undoubtedly 
come  slowly  and  are  likely  to  entail  large  expenditures. 

Obviously  the  services  of  the  industrial  engineer  should  not  be 
expected  to  contribute  materially  to  these  fundamental  industrial 
problems  which  are  special  to  each  individual  industry.  They  com- 
prise that  part  of  the  knowledge  needed  when  building  new  plants 
which  must,  in  the  majority  of  cases,  be  contributed  by  those  directly 
identified  with  the  business  for  which  provision  is  to  be  made.  But  the 
industrial  engineer  must  thoroughly  familiarize  himself  with  the 
machinery,  methods,  and  processes  in  use  in  the  existing  plant,  for 
it  is  this  information  which  will  form  the  basis  for  his  subsequent 
work.  It  is  of  the  utmost  importance  during  this  period — and,  in 
fact,  throughout  the  time  that  he  is  engaged  upon  the  work — that 
he  be  accorded  the  full  co-operation  of  the  owner  and  his  people, 
although  the  engineer  should  be  expected  to  take  the  initiative.  This 
is  a  matter  that  is  of  equal  importance  to  both  parties,  for  while  the 
industrial  engineer  needs  the  advice  of  his  principals,  the  latter  should 
be  conversant  with  the  work  he  is  doing,  especially  after  the  prepara- 
tion of  departmental  and  building  layouts  has  been  commenced.  It 
is  always  easier  to  secure  the  approval  of  a  given  plan  by  discussing 
it  from  time  to  time  as  the  work  goes  forward,  and  when  this  is  done 
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the  anticipated  efficiency  of  the  completed  plant  is  much  more  likely 
to  be  attained,  as  the  purpose  of  the  various  provisions  that  have  been 
made  is  properly  understood  in  advance. 

The  preliminary  investigations  of  the  engineer  will,  however, 
cover  a  great  many  matters  concerning  which  his  principals  have 
little  or  no  reliable  knowledge.  These  comprise  the  factors  which, 
in  a  certain  sense,  are  incidental  to  the  specific  manufacturing  work, 
such  as  the  power  and  lighting  requirements,  heating  and  ventilating 
requirements,  sanitary  requirements,  care  of  employees,  and  the 
requirements  imposed  upon  the  building  structures  by  the  work  in 
question.  With  the  possible  exception  of  the  power  and  lighting 
problems,  these  matters  are  in  the  majority  of  cases  only  partially 
understood  by  those  who  manage  industrial  plants,  and  we  should 
not  expect  to  find  it  otherwise. 

Throughout  the  period  that  the  foregoing  subjects  are  under  in- 
vestigation the  engineer  should  make  complete  and  systematic  notes, 
and  in  many  cases  the  data  that  he  secures  can  be  advantageously 
reduced  to  unit  bases — such  as  the  floor  area  per  operator  in  differ- 
ent departments,  or  the  floor  area  per  ton  of  finished  product,  the 
power  consumption  per  square  foot  of  floor  area  needed  for  arti- 
ficial lighting  and,  in  some  cases,  for  power  in  different  departments, 
and  so  on.  It  is  in  regard  to  details  of  this  kind  that  the  competent 
industrial  engineer  has  a  great  advantage  over  men  who  are  not  con- 
stantly engaged  in  this  field  of  work,  for  he  adheres  to  a  definite  plan 
of  procedure  that  has  been  ascertained  after  repeated  modification 
and  amplification,  so  that  each  factor  is  taken  up  in  its  proper  se- 
quence and  no  important  detail  is  overlooked. 

P-b.  Ascertain   fundamental  principles  that  will  be   followed  in  the  new 
plant  regarding  the  administration  of  all  manufacturing  details. 

The  engineer  must  have,  in  addition  to  the  information  just  cov- 
ered, complete  notes  concerning  the  plan  that  will  be  followed  in  the 
finished  plant  for  the  administration  of  manufacturing  work,  for  this 
is  a  matter  that  may  have  a  very  decided  influence  upon  the  arrange- 
ment of  machinery  and  departments,  and  it  is  the  basis  for  arriving 
at  an  office  layout,  including  the  clerical  offices  located  throughout 
the  shops.  Therefore  it  is  necessary  for  the  engineer  to  be  con- 
v^ersant  with  the  fundamental  principles  entering  into  the  diflPerent 
systems  of  shop  management,  if  for  no  other  pur]:)osc  than  to  know 
how  to  provide  properly  for  the  system  that  is  prescribed. 

In  order  to  illustrate  this  point,.  I  will  call  attention  to  the  fact 
that  the   selection  of  machine-tool  equipment   for  a  metal-working 
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plant  employing  a  system  of  administration  such  as  is  advocated  by 
Mr.  Fred  W.  Taylor,  would  prove  to  be  quite  a  different  problem 
from  that  which  would  be  the  case  if  the  machines  were  installed 
where  no  instruction  cards  were  issued  and  the  men  were  guided 
almost  entirely  by  their  own  experience. 

Not  infrequently  the  industrial  engineer  is  able  to  designate  to 
his  principal  with  such  clearness  the  advantage  that  would  accrue 
through  a  modification  in  his  system  of  management,  that  the  latter 
will  adopt  his  recommendation  and  agree  to  have  thci  physical  layout 
prepared  in  accordance  therewith.  For  example,  a  system  requiring 
a  double-bin  store  room  necessitates  that  considerably  more  floor 
space  be  given  up  to  this  department  t,han  would  be  the  case  if  single 
bins  were  used.  If  the  former  plan  is  desirable,  it  is  quite  important 
that  this  decision  should  be  reached  at  the  commencement  of  the 
work.  The  tool-room  system  that  is  to  be  followed  in  a  large  metal- 
working  establishment  must  be  considered  when  making  the  indi- 
vidual department  layouts,  if  the  best  results  are  to  follow,  and  the 
system  of  checking  employees  in  and  out  of  industrial  plants  is  a 
determining  factor  when  providing  entrances  and  exits. 

Occasionally  the  owner  desires  a  certain  amount  of  latitude  pro- 
vided in  the  layout,  so  that  he  may  be  able  to  depart  in  certain  par- 
ticulars from  the  prescribed  plan.  The  extent  to  which  this  is  possible 
depends  almost  entirely  upon  the  character  of  the  output.  A  great 
deal  of  industrial  work  is  performed  upon  machines,  or  necessitates 
the  use  of  processes,  which  can  readily  be  housed  in  standard  factory 
buildings  that  need  not  be  designed  with  particular  reference  to  the 
requirements  of  isolated  departments,  whereas  in  other  cases  the 
buildings  must  be  wholly  special  in  character,  and  to  a  certain  extent 
should  be  considered  as  a  part  of  the  necessary  equipment. 

P-c.  Consider    features    exemplified    by  plants  recently  built    for    essen- 
tially the  same  class  of  work. 

The  information  secured  under  the  headings  P-a  and  P-b,  after 
being  recorded,  forms  the  basis  for  the  layout  of  the  new  plant  or 
extension,  but  it  should  be  supplemented  with  general  data  concern- 
ing the  practices  that  have  been  followed  by  others  when  building 
plants  for  essentially  the  same  class  of  work.  It  is  in  this  regard  that 
the  services  of  a  properly  equipped  engineering  organization  should 
come  prominently  into  play,  for  in  addition  to  their  own  experience 
they  should  have  for  reference  a  complete  statistical  department 
where  the  desired  facts  could  be  readily  obtained.  Reference  should 
not  be  made  to  these  records  until  the  owner's  practices  and  views 
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are  fully  understood,  and  in  any  case  much  care  must  be  exercised  in 
the  selection  of  features  that  have  been  adopted  by  other  concerns, 
because  they  have  been  frequently  dictated  by  special  requirements 
that  are  not  evidenced  during  a  casual  inspection. 

P-d.  Determine  kind  and  amount  of  machinery  that  should  be  provided 
for  immediately. 

The  machine  equipment  and  apparatus  for  process  work  should 
now  be  decided  upon.  In  most  instances  the  list  comprises  a  certain 
amount  of  machinery  formerly  used  elsewhere,  together  with  addi- 
tional equipment  which  may  be  for  the  purpose  of  increasing  the 
output  or  for  the  greater  efificiency  made  possible  through  its  use. 
The  probable  equipment  requirements  for  the  future  should  also  be 
approximated,  as  this  governs  the  amount  of  floor  space  that  it  should 
be  possible  to  secure  by  further  extensions.  The  owner  and  engineer 
are  frequently  confronted  with  the  need  of  providing  equipmiCnt  for 
the  manufacturing  of  certain  articles  in  large  quantities,  which  had 
been  turned  out  previously  only  in  small  lots.  In  such  case,  after 
the  output  of  a  given  type  of  machine  had  been  ascertained  the  cost 
of  operation  must  be  carefully  figured,  taking  into  account  all  fixed 
charges.  Other  available  types  of  machines  should  be  considered 
in  the  same  manner,  but  as  was  previously  stated  matters  of  this 
kind  are  usually  worked  out  by  the  owner  prior  to  the  commence- 
ment of  work  bearing  upon  additional  accommodations  and  facilities. 

Sometimes  complete  freedom  of  choice  is  permissible  when  deter- 
mining the  machinery  or  processes  that  shall  be  used,  whereas  under 
other  circumstances  collateral  conditions  must  be  taken  into  account. 
I  have  in  mind  a  certain  industry  where  the  labor  union  dominates 
its  members  to  such  an  extent  that  for  the  present,  at  least,  they  are 
successful  in  prohibiting  the  use  of  particular  machines,  or  if  they 
are  used,  the  rate  of  wages  per  piece  must  be  substantially  the  same 
as  for  performing  the  work  in  accord  with  older  methods. 

The  point  has  now  been  reached  when  the  department  layouts 
can  be  worked  up  as  a  preliminary  step  leading  directly  to  the.  ar- 
rangement of  departments  within  given  buildings  and  the  determina- 
tion of  building  types.  When  this  has  been  done  the  necessary  prop- 
erty area  can  be  arrived  at,  the  site  selected,  and  the  final  grouping 
of  buildings  decided  upon.  These  and  all  other  matters  covered  by 
subdivisions  P-e  to  P-q  inclusive,  will  be  considered  in  further  detail 
in  the  following  papers,  where  the  remaining  sections  of  the  work 
will  be  treated. 


THE    SUBSTITUTION    OF    ELECTRIC    POWER    FOR 
STEAM  ON  AMERICAN  RAILROADS. 

By  F.  Darlington. 

One  of  the  greatest  living  authorities  on  electrical  engineering,  who  has  seen  Mr. 
Darlington's  article  in  manuscript,  calls  it  a  most  original  and  satisfactory  discussion  of 
the  subject.  We  are  glad  to  present  it  in  The  Engineering  Magazine  at  a  time  when 
the  electrical  operation  of  steam  railways  gives  so  much  evidence  of  new  and  wide  extension. 
— The  Editors. 

ONE  frequently  hears  the  popular  prediction  that  in  five  or  ten 
years,  or  in  some  other  period,  all  of  our  railroads  will  be 
using  electricity  in  place  of  steam  engines.  Are  there  sound 
grounds  for  this  belief?  Will  electric  power  be  generally  adopted  in 
place  of  steam  for  hauling  trains?  What  are  the  conditions  that  will 
control  the  application  of  electric  motive  power?  Involved  in  the 
whole  matter  are  questions  of  economy,  utility,  habit,  prejudice,  and 
the  policy  of  railroads.  Local  factors  affect  the  results  very  widely 
in  different  sections  and  the  attitude  of  legislation  towards  railroads 
is  becoming  a  factor. 

For  brevity,  American  practice  will  be  here  considered  without 
much  reference  to  foreign  developments. 

Reasons  for  Use  of  Electric  Motive  Power  on  Railroads, 

Electricity  is  used  on  railroads  imder  two  conditions : — where  it  is 
necessary  for  cleanliness,  comfort,  and  safety,  largely  irrespective  of 
the  economy  of  its  use ;  and  where  it  is  used  for  its  economical  ad- 
vantages. It  is  used  for  convenience  and  cleanliness  in  tunnels  and  on 
city  terminals  of  a  few  large  railways.  Where  it  has  supplanted 
steam  in  such  cases,  it  has  demonstrated  its  economy  compared  with 
steam  on  an  operating  basis,  but  in  some  instances  questions  of 
economy  are  still  open  when  the  fixed  charges  on  the  electrical  in- 
stallations are  considered.  It  is  safe  to  say,  however,  that  no  large 
electrical  equipment  has  been  installed  where  steam  engines  were 
formerly  operated  in  which  electricity  has  not  accomplished  results 
that  could  not  have  been  secured  by  steam. 

Electric  Motive  Power  Used  for  Economical  Advantages. 

The  use  of  electricity  where  it  has  been  applied  to  railroads  for 
purely  economical  reasons  is  confined  mainly  to  interurban  trolley 
roads  and  to  city  street-car  lines.     City  street-car  lines  are  omitted 
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from  consideration  in  this  discussion,  except  as  city  street  cars  affect 
terminal  conditions  in  large  cities,  since  they  are  only  secondarily  in- 
volved in  the  more  general  problems  of  transportation. 

In  addition  to  its  present  extensive  use  for  city  railroad  terminals 
and  railroad  tracks  in  tunnels,  there  are  a  few  instances  where  elec- 
tric motive  power  has  been  substituted  for  steam  for  the  purpose  of 
increasing  earnings  and  securing  greater  comfort  and  convenience. 
Instances  of  this  are  the  partial  change  to  electric  power  on  the  West 
Jersey  &  Sea  Shore  Railroad  from  Camden  to  Atlantic  City,  on  the 
Rochester  division  of  the  Erie  Railroad  from  Rochester  to  Mount 
Morris,  and  on  the  steam  railways  from  Baltimore  to  Annapolis,  and 
in  some  other  sections,  and  these  substitutions  have  all  been  highly 
successful. 

The  introduction  of  electric  power  made  interurban  roads  possible 
and  led  to  their  extensive  development  for  local  traffic  between  cities 
and  along  populous  routes.  Steam  railroads  did  not  avail  themselves 
of  electric  motive  power,  and  hence  fail  to  supply  the  needs  of  trans- 
portation that  are  being  met  by  trolley  roads.  These  interurban  roads 
are  practically  the  outgrowth  of  city  electric  street-car  lines  and  they 
employ  much  the  same  type  of  apparatus  and  methods  of  operation  as 
the  city  lines.  Interurban  roads  have  been  built  only  in  places  where 
the  conditions  are  favorable  to  their  operation,  and  these  are  few. 

Two  Classes  of  Electric  Interurban  Roads. 

An  examination  shows  that  practically  there  are  two  classes  of 
interurban  roads — the  roads  of  the  New  England  States  and  New 
York  State  and  Pennsylvania,  of  one  class,  and  the  roads  of  the 
Middle  Western  States  of  another  class.  The  distinction,  and  it  will 
become  important  in  the  future,  lies  primarily  in  the  location  of  the 
tracks  and  in  the  grades  and  curves.  The  trolley  roads  in  the  Eastern 
States  are  built  mainly  in  hilly  countries,  on  highways  and  streets. 
Their  grades  are  usually  high  and  cannot  well  be  reduced,  since  it  is 
not  often  feasible  to  make  heavy  cuts  and  fills  on  highways,  and  the 
curves  are  sharp  on  account  of  the  turns  on  highways  and  streets.  In 
the  thickly  settled  counties  of  the  Eastern  States  it  is  difficult  and  ex- 
pensive to  obtain  private  right  of  way  for  trolley  roads,  and  conse- 
quently their  tracks  are  generally  bound  to  follow  highways,  and  will 
be  suitable  for  their  present  service — that  is,  for  local  traffic,  pas- 
sengers, mail  and  express,  but  for  little  else. 

In  the  Middle  West  electric  roads  are  generally  built  on  private 
right  of  way,  excepting  for  short  distances  wdiere  they  pass  through 
cities  and  villages.     They  are  on  low  grades  and  their  roadbeds, 
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bridges,  etc.,  are  built  largely  to  steam-railroad  standards.  A  great 
part  of  their  mileage  directly  parallels  steam  railroads,  and  when  they 
do  not  follow  steam  lines  they  sometimes  follow  the  county  or  town- 
ship section  lines  which  in  the  West  are  laid  out  straight.  By  follow- 
ing these  lines  they  traverse  the  country  between  farms  without  going 
through  them. 

Essential    Differences    between     Interurban     Electric    and 

Steam    Railroads. 

For  terminals,  trolley  roads  use  mostly  the  city  streets,  with  a  few 
instances  in  some  of  the  Western  cities  of  central  buildings  or  sheds 
for  exchange  of  passengers  and  packages.  For  the  business  that  is 
done  by  trolley  roads,  stops  on  city  street  corners  are  vastly  more 
convenient  than  railroad  station  stops. 

The  practical  difference  between  trolley  roads  and  steam  roads  in 
the  Middle  West  lies  almost  wholly  in  the  kind  of  city  terminals  they 
have,  the  motive  power  they  employ,  and  the  kind  of  business  to 
which  they  cater.  Up  to  the  present  time  trolley  roads  have  confined 
their  attention  almost  wholly  to  passenger  business,  but  Western 
trolley  roads  are  physically  suitable  for  doing  much  local  freight 
work;  their  conditions  justify  it  and  they  will  more  and  more  enter 
the  general  railroad  field,  especially  in  level  countries. 
Extent  and  Economy  of  Interurban  Roads  in  the  Middle  West. 

In  the  three  Middle  Western  States,  Ohio,  Indiana  and  Illinois, 
there  were  in  1907  about  5,000  miles  of  such  interurban  roads,  earn- 
ing annually  about  $26,000,000  gross,  and  having  a  combined  stock 
and  bond  capitalization  of  about  $400,000,000.  Many  of  the  adjoin- 
ing States,  as  Wisconsin,  Michigan,  etc.,  also  have  large  mileages  of 
interurban  roads  in  operation. 

The  most  trustworthy  judgment  of  the  economy  of  using  electric 
power  on  railroads  can  be  had  from  results  that  these  Middle-West 
interurban  roads  are  accomplishing.  In  the  three  Middle  Western 
States,  Ohio,  Indiana  and  Illinois,  where  the.  total  mileage  of  electric 
interurban  railroads  was  about  5,000  miles  in  1907,  the  combined 
steam-railroad  mileage  was  about  28,576  miles,  or  the  trolley-road 
mileage  was  17.6  per  cent  of  the  mileage  of  the  steam  roads.  About 
85  to  90  per  cent  of  the  trolley-road  mileage  is  in  direct  competition 
with  steam  railroads  between  cities,  and  about  75  to  80  per  cent  of  the 
trolley-road  mileage  directly  parallels  the  tracks  of  the  steam  rail- 
roads, competing  for  local  as  well  as  interurban  traffic.  The  gross 
earnings  of  $26,000,000  per  year  total  for  the  interurban  trolley  roads 
in  these  three  States  a^e  about  $5,200  per  mile  of  trolley  road  per  year 
average.     This  business  is  derived  almost  wholly  from  carrying  pas- 
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sengers,  a  very  small  portion  of  it  being  from  freight,  mails  a. id  ex- 
press, and  miscellaneous  sources.  The  annual  gross  earnings  of  the 
steam  railroads  in  the  same  States  are  probably  about  $430,000,000, 
of  which  about  $97,000,000  is  derived  from  passenger  and  mail  and 
express  business  and  the  balance  from  freight  and  miscellaneous 
business.  From  this  it  will  be  seen  that  though  the  gross  earnings 
of  the  trolley  roads  in  these  three  States  are  only  about  6  per  cent  of 
the  gross  earnings  of  the  steam  railroads,  they  are  about  27  per  cent 
of  the  gross  passenger  mail  and  express  earnings  of  those  railroads. 
Traffic  Controlled  by  Electric  Railroads. 

Electric  lines  form  an  essential  link  between  main-line  railroads 
and  their  customers,  so  the  business  of  electric  lines  is  important  in 
the  general  scheme  of  transportation  in  a  larger  proportion  than  the 
ratio  of  its  volume  to  the  total  business  done.  The  traffic  of  electric 
roads  originates  upon  their  own  lines  and  to  a  great  extent  is  created 
by  them.  They  receive  it  at  first  hand  from  the  customers,  so  that 
it  comes  to  them  without  direct  competition,  and  is  very  little  affected 
by  rates  made  by  opposing  companies  or  by  rate  pools.  Trolley  roads 
are  now  serving  as  feeders  to  collect  traffic,  and  as  their  importance 
grows  they  carry  this  over  longer  and  longer  distances  and  get  a 
more  and  more  complete  control  of  transportation  from  its  origin  to 
its  destination.  The  value  of  feeders  and  branch  lines  in  large  rail- 
way systems  has  always  been  recognized,  and  many  branch  lines  that 
are  unprofitable  in  themselves  have  been  built  and  operated  for  the 
business  that  they  create  and  bring  in  to  main  lines.  This  necessi- 
tates local  service,  and  this  is  the  field  in  which  interurban  electric 
roads  are  now  working  and  in  which  electricity  has  shown  one  of  its 
chief  advantages  over  steam. 

If  fifteen  years  ago  the  officers  of  the  large  transportation  systems 
of  the  United  States  had  been  told  that  electric  railroads  would  enter 
the  territory  covered  by  their  tracks,  would  closely  parallel  them  and 
usurp  their  local  business,  they  would  have  considered  the  fulfilment 
of  the  prediction  unlikely,  to  say  the  least.  If  they  had  then  foreseen 
the  present  situation,  it  would  have  been  considered  a  serious  menace 
to  their  operations,  as  indeed  it  has  become,  and  the  menace  will  in- 
crease if  conditions  are  not  wisely  met.  To  meet  the  situation  it  will 
be  necessary  for  the  steam  railroads  to  employ  electric  power  for 
those  kinds  of  transportation  work  in  which  its  superiority  over  steam 
has  been  demonstrated  by  trolley-road  developments.  Wherever  there 
is  a  considerable  local  traffic  to  be  handled,  trolley  roads  have  proven 
the  superior  economy  of  electric  service ;  and  in  such  sections  steam 
roads  must  eventually  adopt  electricity  for  conducting  local  traffic. 
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Electric  Railroads  Get  the  Best  Traffic  and  Leave  the  Poor. 

There  is  one  element  in  the  interurban  electric-road  business  to 
which  attention  should  be  given — that  these  roads  are  not  competing 
with  the  steam  railroads  for 'the  local  business  in  the  sparsely  settled 
and  unprofitable  parts  of  the  country,  but  in  the  richest  and  best  and 
those  most  productive  of  receipts  from  local  transportation.  The 
5,000  miles  of  electric  road  in  Ohio,  Indiana,  and  Illinois  take  their 
trade  from  the  heart  of  the  local  passenger  business  of  the  steam 
railroads. 

An  often  reiterated  though  scarcely  fair  statement  has  been  made 
by  many  steam-railroad  men,  that  their  passenger  business  is  unprofit- 
able and  that  they  would  be  glad  to  be  rid  of  it,  that  they  can  make  no 
money  in  it,  etc.  Even  granting  for  the  sake  of  argument  that  such 
a  general  statement  is  true,  it  really  does  not  apply  to  the  business 
acquired  by  the  trolley-road  companies.  The  trolley  roads  parallel 
steam  railroads  only  in  the  best  of  their  territory;  and  following  (in 
the  well  populated  States)  say  20  per  cent  more  or  less  of  their  lines, 
they  take  away  the  best  part  of  the  passenger  business,  which  in  itself 
would  undoubtedly  be  profitable  if  the  steam  roads  could  retain  it 
without  the  more  scattered  outlying  passenger  traffic  that  has  to  be 
collected  over  a  very  large  reach  of  track.  The  net  result  to  the  steam 
roads  is  that  their  passenger  business  is  more  scattered,  since  the 
heart  has  been  taken  from  it,  and  it  must  be  more  costly  to  operate  in 
proportion  to  the  return  earned,  since  the  traffic  density  has  been 
reduced. 

Electric  interurban  roads  go  only  into  the  richest  and  best  terri- 
tory which  has  been  previously  served  by  steam  railroads,  but  they 
do  not  depend  for  their  profit  strictly  or  mainly  on  the  traffic  they 
take  away  from  the  steam  roads.  While  there  is  a  certain  kind  of 
business  that  deserts  the  best  steam-railroad  accommodations  for 
trolley  lines,  there  is  a  potential  business  in  every  populous  country 
that  is  developed  by  the  trolley  roads  but  is  not  available  to  steam 
roads.  The  accommodations  that  trolley  roads  offer  build  up  traffic 
both  by  inducing  travel  from  existing  sources  and  by  developing  the 
territory  along  their  lines  and  attracting  additional  population  and 
new  enterprises.  Steam  railroads  feel  the  benefit  of  this  new  busi- 
ness in  their  through  traffic,  and  sometimes  suffer  no  net  loss  even 
where  their  earnings  from  local  and  short-haul  business  fall  off 
heavily;  but  from  the  trunk-line  railroad  point  of  view,  even  such  a 
situation  is  not  reassuring  since  the  condition  is  certainly  unstable  as 
long  as  the  trolley  roads  maintain  independence  and  as  long  as  they 
show  a  profit  and  continue  to  extend  their  mileage. 
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In  the  case  of  the  trolley  roads  of  the  Middle  West,  f<jr  the 
reasons  that  1  have  already  stated,  there  are  no  set  conditions 
that  will  limit  their  extension  and  their  entrance  into  new  lines  of 
business,  including  longer  hauls,  the  haulage  of  freight,  etc. ;  and  as 
long  as  they  possess,  as  we  have  seen  they  do,  the  i)Ower  to  originate 
and  create  new  business  and  at  the  same  tim^  take  established  local 
businss  from  steam  railroads,  they  hold  the  key  to  the  non-competitive 
trade,  and  when  their  extensions  carry  their  termini  into  competitive 
points  they  will  be  in  position  to  offer  the  business  that  goes  beyond 
their  lines  to  the  lowest  bidder. 

Electric  Roads  Superior  for  Local  Service. 

The  superiority  of  trolley  roads  for  local  service  constitutes  their 
greatest  advantage  over  steam  lines.  It  results  from  the  frequent 
service  that  they  conduct,  the  convenient  stops  that  they  make,  and 
the  accessibility  of  their  tracks  to  passengers  and  shippers. 

The  accessibility  of  trolley  roads  is  secured  largely  by  the  use  of 
city  streets  for  terminals.  A  managing  officer  of  a  large  Western 
railroad  in  conversation  with  me  recently  emphasized  the  importance 
of  this  arrangement  by  saying  that  its  convenience  to  local  travelers 
gave  the  trolley  roads  such  an  advantage  that  nothing  that  steam 
railroads  can  do  would  offset  it,  even  to  the  buying  of  the  trolley 
roads  themselves,  unless  the  steam  railroads  at  the  same  time  bought 
up  the  city  and  town  street-car  lines  over  which  the  interurban  cars 
entered  the  towns;  *'For,"  said  he,  "if  we  buy  the  interurban  roads 
and  do  not  control  the  terminals,  new  trolley  roads  will  be  built, 
paralleling  the  old  ones  and  using  the  city  streets  for  terminals." 

It  is,  perhaps,  going  a  little  too  far  to  say  that  the  present  trolley 
lines  would  be  paralleled.  They  would  be  paralleled  only  in  case  the 
present  accommodations  are  reduced,  but  the  manager  knew  whereof 
he  spoke  when  he  emphasized  the  importance  of  convenient  terminals 
secured  by  entrances  on  city  streets,  which  are  far  more  convenient 
for  local  travel  than  the  most  costly  station  terminals  of  steam  rail- 
roads. A  traveler,  especially  for  a  short  trip,  would  rather  take  a  car 
on  the  nearest  street  corner  than  go  a  few  blocks  further  to  the  most 
elaborate  terminal  station.  Similarly  the  local  stops,  or,  as  they  are 
called,  flag  stops,  on  the  rural  sections  of  interurban  trolleys  are  a 
source  of  great  convenience  and  therefore  of  greatly  added  travel, 
and  this  is  supplemented  by  the  convenience  of  the  more  frequent 
trains  operated  by  rural  interurban  roads  than  by  steam  roads. 

Cost  of  Frequent  Train  Service. 
The    economical    conditions    determining   the    best    fretjuency    of 
service  are  entirely  different  on  electric  roads  and  on  steam  roads. 
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The  former  operate  single  cars  with  apparatus  and  equipment  that  is 
especially  designed  for  quick  and  cheap  single-unit  operation.  A 
comparison  of  the  operating  expenses  and  earnings  of  nineteen  inter- 
urban  electric  roads  in  Illinois  shows  the  average  operating  expense 
on  these  electric  systems  to  be  15.8  cents  per  car  mile.  This  average 
cost  is  divided  about  as  follows : 

Electric    power    3.73  cents 

Operation    of    cars 5.40      " 

Maintenance  of  cars  and  equipment 1.30     " 

Maintenance  of  roadbed,  overhead  lines,  and  buildings 1.70     ** 

General   expenses    3.67     " 

Total    as    above 15.80  cents 

Steam  railroads  operating  trains  are  put  to  a  much  higher  cost 
per  train  mile.  Each  steam  train  consists  of  a  locomotive  with  an 
engineer  and  fireman,  and  coaches  with  a  conductor  and  brakeman, 
against  a  crew  of  a  motorman  and  conductor  on  a  single  electric  car. 
The  rates  of  wages  on  the  steam  trains  are  higher  than  on  electric 
cars,  and  steam  locomotives  are  more  costly  to  maintain  than  electric 
car  apparatus ;  in  fact,  the  motive-power  cost  alone  of  steam-railroad 
service  per  train  mile  generally  far  exceeds  the  total  operating  cost 
per  car  mile  for  electric  roads. 

The  cost  of  operating  light  local  steam-railroad  trains,  without 
including  the  maintenance  of  the  roadbed  and  the  wages  of  station 
attendants  and  the  general  expenses  of  the  railroad,  usually  comes  to 
$0.40  to  $0.60  or  more  per  train  mile. 

The  same  nineteen  interurban  electric  railroads  in  the  State  of 
Illinois  mentioned  above  make  gross  earnings  per  car  mile  about 
$0,295,  or  say  roughly  their  gross  earnings  are  only  about  two-thirds 
of  the  actual  cost  per  mile  of  operating  light  steam  trains. 

It  may  seem  at  first  sight  that  it  is  illogical  to  compare  the  cost 
of  operating  a  single  electric  car  with  the  cost  of  operating  a  steam- 
railroad  train,  but  for  practical  results  this  is  the  way  to  make  the 
comparison  for  local  inteiurban  business.  Trolley  roads  generally 
charge  between  i^  and  2  cents  per  passenger  mile,  and  their  cars 
have  a  seating  capacity  of  45  to  60  passengers.  Their  earnings  for 
a  general  comparison  may  be  taken  at  about  27  cents  per  car  mile 
and  their  operating  expenses  at  16  cents  per  car  mile. 

Yearly  Earnings  of  Interurban  Roads. 
The  gross  earnings  per  mile  of  track. per  year  of  the  same  nine- 
teen trolley  roads  previously  mentioned  average  about  $6,700  for  the 
year   1906- 1907,   which   is   a  good   average   for  prosperous   electric 
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roads  in  Illinois.  The  average  gross  earnings  of  all  the  interu'-ban 
trolley  roads  reporting  to  the  State  Commissions  of  Illinois  for  the 
same  period  (representing  1,092  miles)  was  $6,230  per  mile  per  year. 
The  gross  earnings  ])cr  mile  of  track  per  year  of  ordinarily  suc- 
cessful trolley  roads  lies  between  the  limits  of  $4,000  to  $7,000.  The 
operating  expenses  average  about  60  per  cent  of  the  gross  earnings, 
which  deducted  from  $4,000  or  $7,000  a  year  gross  earnings  leaves 
a  net  earning  per  mile  of  track  of  about  $1,600  to  $2,800.  This  is  a 
fair  statement  of  the  showing  of  average  successful  interurban  roads. 

Relative  Earning  Capacity  of  Trolley  Cars  and  Trains  of  Cars. 

With  fares  on  trolley  cars  averaging  as  stated,  ij/^  to  2  cents  per 
passenger  mile,  the  average  occupancy  of  a  car  to  pay  27  cents  is 
only  in  the  neighborhood  of  15  or  16  passengers. 

A  rather  complicated  question  arises  here  as  to  the  relative  earn- 
ing value  of  a  steam-railroad  train  with  two  or  three  coaches  and  a 
trolley  car  with  a  seating  capacity  of  45  to  60,  but  in  places  where  the 
trolley-road  earnings  are  made  from  an  average  occupancy  of  less 
than  half  the  seating  capacity  of  the  cars  and  where  frequent  service 
is  necessary  in  making  these  earnings,  it  would  obviously  be  un- 
profitable to  haul  trains  of  three  or  four  cars  to  carry  the  passengers. 
If  there  is  sufficient  travel  to  overload  the  ordinary  interurban  car, 
it  will  usually  be  profitable  to  increase  the  frequency  of  the  schedule, 
since  an  increase  in  schedule  will  stimulate  further  travel  and  can  be 
made  at  an  operating  cost  per  car  lower  in  proportion  than  the  16 
cents  assumed  as  an  average  figure,  since  that  includes  maintenance 
of  track,  maintenance  of  trolley,  general  expenses,  and  other  items  of 
cost  that  do  not  increase  in  direct  proportion  to  the  number  of  cars  in 
operation. 

Necessary  Minimum  Earnings  for  Profitable  Trolley  Devel- 
opment. 

Interurban  trolley-roads  producing  average  net  earnings  per 
year  of  about  $1,600  to  $2,800  per  mile  of  railroad  would  return 
about  6.4  to  II. 2  per  cent  on  an  investment  of  $25,000  per  mile,  or 
about  5.3  to  9.3  per  cent  on  an  investment  of  $30,000  per  mile.  Where 
conditions  are  favorable,  interurban  trolley  roads  have  been  built  and 
equipped  (especially  in  the  Western  States  where  there  are  not  many 
bad  hills  or  costly  bridgs)  for  about  $25,000  to  $30,000  per  mile  of 
road,  averaged  approximately  as  tabulated  on  page  908. 

From  these  figures  may  be  determined  very  roughly  the  lowest 
returns  under  which  interurban  electric  roads  doing  local  business  can 
be  made  profitable.  When  analyzed  they  show  that  the  return  on 
their  cost  must  be  small  where  the  gross  earnings  per  year  are  less 
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Average  Cost  of  Electric  Railways  in  the  Middle  Western  States. 

For   Roadbed.  Cost'  per  mile 

Grades    and   bridges $  5,ooo 

Ballast    •  • 3,000 

Ties • 1,200 

Surfacing    t • •  •        500 

Steel • 4,000 

Right  of  way  (variable) •  • • 1,000 

Add  for  general  expenses,  say •  •     1,500 

Total  cost  of  roadbed  per  mile  of  track $16,200 

For  Cars  and  Electrical  Equipment,  Power  Plant,  Substations  and  Feeder. 

Cost  per  mile  of  track 

Cars  and  equipments,  $1,000  to  $2,500 ;  about $  1,200 

Power  plant,  $1,200  to  $2,400 ;   about 2,200 

Transmission   lines,   transformer  stations   or   substations,   feeder   cables, 

etc.,  $1,500  to  $4,000 ;   about 3,000 

Trolley,    etc. ;    about 1,600 

Add   for  general  expense  engineering   and   interest  per  mile  of  track; 

about 1,000 

Total  for  power  plant,  cars,  transmission  lines,  etc.,  per  mile;  about.. $  9,000 
Total   cost   of   trolley-road   construction,    power   plant,    and    equipment, 

per  mile   of  track;  about $25,000 

than  $3,000  or  $4,000  per  mile  of  track,  or  the  net  earnings  less  than 
$1,800  to  $2,400  per  mile,  and  independent  trolley-road  investments 
will  not  be  attractive  w^ith  smaller  earnings  except  under  exceptionally 
favorable  circumstances.  Experience  has  taught  that  trolley  roads 
parallel  to  steam  railroads  generally  realize  these  earnings  wherever 
the  gross  earnings  from  local  business  of  the  steam  roads  prior  to 
the  commencement  of  operation  by  the  trolley  roads  were  from  $1,000 
to  $2,000  per  mile  per  year.  The  trolley  roads,  by  reason  of  their 
superior  convenience,  take  from  the  steam  railroads  and  create 
enough  business  to  make  up  the  necessary  total.  Often  instances 
occur  where  the  increase  of  the  trolley-road  earnings  over  the  steam 
are  much  greater  than  stated  by  these  figures,  and  again  there  must 
be  instances  where  they  will  be  less.  I  give  them  only  to  point  out  in 
a  general  way  about  where  the  field  of  the  independent  electric  inter- 
urban  trolley  road  ends.  Their  profitable  extension  ends  in  the  coun- 
tiies  where  the  earnings  from  local  service  will  not  pay  a  profit  on  an 
investment  of  about  $25,000  per  mile  of  road. 

Steam  Railroads  Can  Make  Large  Profits. 

The  adoption  of  electric  motive  power  on  steam  railroads,  and 
the  maintenance  of  a  convenient  and  frequent  service  where  there  is 
a  considerable  local  business  which  can  be  handled  advantageously 
with  electric  cars,  will  result  in  a  handsome  increase  in  their  earnings. 

The  opportunity  of  steam  railroads  for  this  kind  of  work  is  in 
many  places  much  better  than  that  of  independent  trolley  lines.     In 
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the  first  place,  steam  railroads  have  existing  right  of  way,  bridges, 
stations  and  station  attendants,  all  of  which  are  indispensable  to  them 
in  connection  with  their  through  business  which,  up  to  the  present  time, 
has  been  very  little  encroached  upon  by  electric  roads.  Furthermore, 
steam  railrc:.Js  as  a  rule  have  far  better  facilities  for  raising  money 
for  development  purposes  than  electric  roads.  The  latter  usually  sell 
5  per  cent  bonds  to  rii.-c  the  money  for  their  construction  work  and 
receive  from  these  bcr.Js  about  85  per  cent,  more  or  less,  making 
the  fixed  charge  on  their  cash  investment  about  6  per  cent.  They 
have  all  the  expense  of  independent  organization  and  management, 
both  for  construction  and  operation,  to  which  are  added  generally 
large  promotion  charges.  Steam  roads,  with  their  established  organ- 
izations, with  the  lower  interest  cost  for  the  money  that  they  spend, 
and  with  their  right  of  w^ay  already  owned,  can  build  and  equip 
electric  lines  to  the  best  advantage.  Furthermore,  steam  railroads 
establishing  an  electric  service  on  their  lines  could  utilize  their  present 
tracks  to  a  certain  extent  for  electric  cars,  as  standard  electric-railroad 
apparatus,  which  in  no  way  interferes  with  the  operation  of  steam 
trains  over  the  same  tracks  with  electric  cars,  is  regularly  manufac- 
tured and  sold.  An  electric  schedule  on  a  steam  railroad  will  permii 
the  entire  discontinuance  of  steam  trains  for  local  passenger  and  local 
freight  and  express.  Experience  has  demonstrated  that  local  freight 
can  be  handled  more  cheaply  with  electric  motive  power  than  by 
steam.  A  properly  equipped  baggage,  freight,  and  express  car,  with 
standard  couplers  and  with  motors  properly  adapted  for  high  tractive 
effort  at  low  speeds,  is  suitable  for  hauling  a  considerable  number  of 
freight  cars  as  trailers. 

In  some  recent  calculations  for  a  steam  railroad  where  the  cost  of 
handling  the  local  freight  business  is  well-known,  the  cost  of  handling 
the  local  freight  by  steam  is  54  cents  per  train  mile.  The  same  work 
could  be  done  with  a  motor  car  using  electric  power  costing  i  cent  per 
kilowatt  hour  for  about  22  cents  per  train  mile,  wdiich  would  be  a 
saving  in  local  freight  operation  of  more  than  one-half. 

A  large  railroad  having  a  terminal  in  Chicago  with  one  of  the 
heaviest  suburban  services  in  America,  or  in  the  world  for  that  matter, 
and  with  an  exceedingly  large  freight-terminal  business  in  Chicago, 
is  making  a  careful  study  of  the  Chicago  end  of  its  line.  It  is 
examining  with  the  utmost  care  the  commercial  as  well  as  the  engi- 
neering side  of  the  electrification  problem  and  is  studying  the  results 
it  could  get  in  the  different  kinds  of  work  to  be  done. 

It  has  not  announced  its  conclusions  resulting  from  its  study, 
but  certain   features   of  the  proposed  work  are  apparent,   vie:  the 
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local  or  suburban  passenger  business  can  be  handled  rapidly  and  eco- 
nomically with  electric  equipment;  the  through  business,  both  pas- 
senger and  freight  can  be  handled  with  economy  and  certainty  by 
electric  power.  The  through  freight  business,  because  the  trains  are 
heavier  and  slower  than  th'e  through  passenger  trains,  will  realize 
smaller  economical  advantage  from  electrification  than  the  passenger 
business. 
Steam  Railroads  Can  Best  Serve  Cities  with  Interurban  Cars. 

Steam  railroads,  to  get  the  full  benefit  of  electric  operation,  ought 
to  secure  the  same  terminal  convenience  and  the  consequent  advan- 
tages that  interurban  electric  roads  have.  At  first  sight  this  appears 
difficult,  as  popular  prejudice  is  against  giving  steam  railroads  the 
same  privileges  as  electric  roads  for  moving  cars  through  cities  and 
villages,  even  if  the  steam  railroads  agree  to  use  electric  power  on  the 
streets.  This  discrimination  is  purely  a  question  of  public  prejudice 
and  should  be  overcome,  since  steam  railroads  having  tracks  on  pri- 
vate right  of  way  reaching  generally  well  within  city  limits  require 
relatively  short  distances  on  city  streets  to  reach  the  populous  centres. 
The  entrance  of  trolley  roads  to  cities  almost  always  necessitates  a 
long  course  over  several  blocks  or  several  miles  of  city  streets,  which 
means  an  annoying  and  dangerous  occupancy  of  the  streets  and  rela- 
tively long  stretches  of  slow-speed  movement  for  interurban  trolley 
cars.  Steam  railroads,  on  the  other  hand,  having  terminals  reason- 
ably near  to  the  city  centers,  could  (if  they  were  granted  the  privi- 
lege) run  electric  cars  from  the  nearest  point  on  their  steam-railroad 
tracks,  directly  to  the  populous  centers,  occupying  the  streets  only  for 
the  distance  from  their  tracks  to  the  populous  centers  and  returning 
their  cars  to  their  own  line  by  the  same  route  or  by  a  short  loop.  In 
this  way  the  mileage  of  city  streets  encumbered  by  interurban  electric 
service  if  furnished  by  steam  railroads  would  be  much  less  than  that 
ordinarily  taken  by  independent  trolley  roads ;  and  the  distance  being- 
shorter,  the  incentive  would  be  less  to  run  at  high  speed  through  the 
city  streets  and  the  danger  would  therefore  be  reduced. 

For  the  larger  cities,  such  as  New  York,  Philadelphia,  Chicago, 
St.  Louis,  and  perhaps  a  few  others  in  the  United  States  the  problem 
of  trolley  road  terminals  is  entirely  dififerent  from  the  one  presented 
in  the  small  cities  and  villages.  For  example,  for  an  interurban  car 
to  enter  the  populous  center  of  Chicago  by  the  streets  requires  a  long 
and  slow  passage  over  many  city  blocks.  In  such  cities  where  the 
distance  from  the  outskirts  to  the  populous  centers  is  great,  the  ques- 
tion of  entrance  requires  special  consideration  for  each  case  and  can 
hardly  be  generalized  upon.     If  generalization  is  worth  anything,  the 
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statement  of  the  case  would  be  that  the  entrance  should  be  made 
mainly  on  private  right  of  way,  which  of  course  is  practical  only  to 
lines  doing  a  large  business,  like  the  existing  steam  lines,  and  the  col- 
lection of  passengers  to  the  terminal  points  of  steam  railroads  in  the 
large  city  centers  is  generally  properly  the  function  of  the  street-car 
lines. 

Electric  Power  on  Railroads,  and  STATr:  Laws. 

Public  sentiment  and  the  policy  of  American  legislatures  may  have 
an  important  bearing  on  the  wisdom  of  steam  railroads  adopting 
electric  power.  There  has  been  inconsistency  in  the  action  of  legisla- 
tive authorities  in  some  of  the  most  advanced  States  governing  com- 
petition between  railroads.  State  legislatures,  through  the  authority 
of  commissions  and  the  courts,  are  controlling  railroad  competition. 
If  a  railroad  is  to  be  built  in  a  State  where  a  railroad  commission 
rules,  application  must  be  made  to  the  commission  and  reasons  given 
why  a  new  railroad  is  required  for  the  country  where  it  is  contem- 
plated. If  the  commission  finds  that  the  territory  is  already  provided 
with  ample  railroad  accommodations,  it  wall  refuse  to  grant  a  new 
franchise  to  a  steam  railroad.  The  position  is  taken  that  one  railroad 
with  ample  facilities  for  a  given  territory  is  sufficient,  and  better  than 
two  railroads  where  no  advantage  can  be  expected  to  result  to  the 
population  affected  and  wdiere  competition  between  two  lines  would 
tend  to  make  both  the  systems  unprofitable. 

Properly  administered  this  is  undoubtedly  a  wise  policy,  where 
the  commission  will  determine  and  enforce  ample  transportation  facil- 
ities and  reasonable  rates. 

The  New  York  Public  Service  Commission  in  March  of  this  year 
voted  not  to  grant  an  application  of  the  Buflfalo,  Rochester  and  East- 
ern Railroad  for  a  franchise  to  build  a  railroad  in  general  paralleling 
the  New  York  Central  and  Hudson  River  Road  between  Buflfalo  and 
Troy.  The  rulings  of  the  commission  in  this  instance  were  based 
on  grounds  of  public  utility,  and  this  single  example  will  serve  to 
exemplify  the  policy. 

The  same  rules  are  not  consistently  applied  to  competition  of  elec- 
tric roads  with  steam  roads. 

In  Massachusetts  the  courts  last  year  ruled  that  the  New  York, 
New  Haven  and  Hartford  Railroad  could  not  own  or  operate  electric 
roads.  The  electric  roads  involved,  it  must  be  remembered,  were 
often  directly  and  closely  parallel  to  the  New  Haven  Railroad's  t'-acks 
and  were  built  as  direct  competitors  to  the  latter.  And  yet  this  same 
commission  would  undoubtedly  have  ruled  against  granting  a  fran- 
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chise  to  build  a  steam  railroad  paralleling  the  tracks  of  the  New 
Haven. 

Why  should  legislation  prohibit  direct  local  competition  between 
steam  railroads,  and  sustai^n  competition  between  steam  and  electric 
roads  ? 

There  can  be  no  doubt  of  the  facts  that  I  have  already  brought 
out — that  electric  roads  are  particularly  suited  to  gather  up  and  con- 
centrate and  take  away  from  steam  railroads  their  local  business.  If 
the  same  public  policy  is  pursued  by  the  Middle  Western  States  that 
is  followed  in  the  Eastern  States  regarding  competition  between  elec- 
tric roads  and  steam  roads,  the  latter  will  continue  to  lose  more  and 
more  of  their  local  or  first-hand  traffic,  which  will  go  to  the  trolley 
roads ;  these,  with  their  advantages  for  profitable  extension  and  de- 
velopment on  the  low  grades  and  private  right  of  way  in  the  Western 
States,  will  eventually  build  up  a  system  of  electric  lines  parallel  to 
the  steam  railroad  in  their  best  territory  and  equip  themselves  to  do 
all  kinds  of  work  done  by  the  steam  roads  and  to  excel  them  in  hand- 
ling local  business. 

The  Economical  Place  of  Electric  Motive  Power. 

It  is  clearly  the  duty  of  the  steam  roads  to  realize  this  situation 
and  meet  it  in  some  practical  and  reasonable  manner.  Whatever  else 
may  be  necessary  in  the  premises,  one  thing  is  clear — that  there  are 
many  opportunities  for  the  steam  railroads  profitably  to  make  them- 
selves combined  electric  and  steam  lines  by  utilizing  the  advantages  of 
electric  power.  The  natural  and  economic  method  would  be  to  install 
on  the  steam  railroads  electric  service  at  the  most  advantageous  points, 
which  are  also  the  most  vulnerable  to  trolley  competition ;  to  make  the 
new  equipment  part  of  a  plan  of  general  railroad  improvement,  and 
to  extend  the  electrified  lines  as  economy  and  profit  dictate. 

If  steam  railroads  were  partly  electrified,  that  fact  would  forestall 
discriminating  legislation  between  steam  and  electric  railroad  com- 
panies. The  only  plausible  explanation  of  the  delay  by  steam  rail- 
roads in  the  utilization  of  electric  motive  power  is  that  there  is  much 
prejudice  among  steam-railroad  officials  against  the  power,  and  a  be- 
lief that  is  unwarranted  by  demonstrated  facts  that  electric  power  is 
not  adapted  to  their  needs.  It  is  only  because  of  the  very  widely  dif- 
ferent point  of  view  of  steam-railroad  men  and  electric-railroad  men 
that  their  practices  and  methods  are  so  widely  divergent.  Eventually 
the  best  ideas  of  the  two  factions  will  be  united  into  an  efficient  con- 
cord. 


THE   BRIDGES  OF  NEW  YORK  CITY. 

By  T.  Kennard  Thomson. 

\  STUDENT  of  engineering,  or  even  an  expert  bridge  engineer, 
J^^^  could  spend  months  studying  the  different  kinds  of  bridges 
within  the  city  Hmits  of  New  York.  A  bare  hst  of  them 
would  not  be  possible  in  this  article,  as  every  style  and  every  form  is 
comprised — from  the  old  King's  bridge,  built  in  the  seventeenth  cen- 
tury, to  the  great  Blackwell's  Island  cantilever,  the  biggest  cantilever 
in  America — not  counting  the  ill-fated  Quebec  bridge. 

Among  these  New  York  bridges  we  find  such  an  artistic  little 
structure  as  the  jack-knife  type  over  the  Gowanus  Canal,  which  opens 
like  the  blade  of  a  knife  sufficiently  for  the  boats  to  pass  by.  It  was 
a  bridge  of  this  type,  only  larger,  that  recently  collapsed  in  Pelham 
Bay  when  nearly  completed.  Some  claimed  that  the  accident  was 
caused  by  the  malicious  removing  of  bolts.  Then  there  are  the  draw- 
bridges, in  the  strict  sense  of  the  word,  being  those  bridges  which 
roll  or  are  pulled  away  from  the  stream  instead  of  being  hoisted  or 
swung  around — the  latter  should  be  called  ''swing"  bridges  and  not 
*'draw"  bridges,  as  they  often  are.  The  greatest  of  the  swing  bridges 
here  is  the  New  York  Central  four-track  bridge  over  the  Harlem 
River,  which  cost  over  $500,000  and  is  a  very  rigid  structure.  The 
old  jack-knife  lift  bridge  which  was  used  by  the  New  York  Central 
while  the  fine  new  swing  bridge  was  being  built,  was  taken  down  and 
re-erected  over  the  Harlem  River  at  Spuyten  Duyvil. 

The  first  bridge  to  be  built  on  pneumatic  caissons'"  in  this  part  of 
the  world,  in  i860,  was  also  over  the  Harlem  River,  where  the 
present  Third  iVvenue  Bridge  now  stands.  As  the  French  had  used 
pneumatic  caissons  before  us,  a  Frenchman  was  engaged  to  start  this 
work  but  was  not  retained  long  after  the  start;  and  for  some  years 
past  America  has  led  the  world  in  its  methods  and  plant  for  handling 
this  kind  of  work. 

One  of  the  most  recent  of  the  city  bridges  over  the  Harlem  is  the 
fine  swing  at  Lenox  Avenue  and  145th  Street,  the  construction  of 
which  was  delayed  for  several  years  from  the  fact  that  the  Rapid 

*  Caisson  is  a  French  wprcj  from  caissc,  a  box  or  chest,  also  much  used  for  ammunition 
carriages,    etc. 
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Transit  Tunnel  was  designed  to  run  directly  under  the  fenders  of 
the  swing  span ;  as  soon  as  the  tunnel  was  completed  the  fenders  were 
built  over  it  and  the  erection  of  the  swing  span  completed.  Several 
pages  of  this  paper  could  be  filled  with  descriptions  of  the  Harlem 
I'viver  bridges  onl\-,  the  variety  of  the  swincr  bri(lu:"cs  alone  beincr  c^reat. 


LENOX    AVENUE    SWING    BRIDGE    OVER    THE    HARLEM    RIVER. 

But  to  invade  the  Irishman's  territory  for  a  minute — is  not  the 
most  serviceable  bridge  over  the  Harlem  River  a  tunnel  under  it? 
All  the  bridges  over  the  Harlem  together  are  not  nearly  sufficient  to 
handle  the  traffic  of  the  present  and  future,  for  the  low-level  bridges 
obviously  require  a  swing  or  lift-bridge  construction,  and  the  delays 
of  operating  the  best  of  these  is  very  vexatious  to  both  land  and  river 
traffic.  This,  of  course,  does  not  apply  to  the  high-level  bridges  like 
High  Bridge,  Washington  Bridge,  and  the  proposed  Memorial  Bridge, 
which  form  of  construction  is  only  adapted  to  the  North  River"^  end 
of  the  Harlem. 

Probably  the  prettiest  of  the  swing  bridges  is  the  old  Ship  Canal 
Bridge — the  steel  work  of  which  was  recently  moved  from  its  old 
piers  to  new  ones  at  Fordham  Heights,  and  has  again  been  opened 
to  the  public  traffic  for  more  than  a  year.  An  interesting  story  is 
told  of  the  contractor  who  built  the  original  bridge.  He  constructed 
the  piers  himself  and  bought  the  steel  work  from  an  iron-bridge  com- 
pany, agreeing  to  pay  so  much  a  pound  of  iron  for  the  erected  bridge, 
and  when  he  received  the  bills  giving  the  shipping  weiglit  of  the 
metal  he  noticed  that  the  weight  of  a  number  of  barrels  of  paint  had 
been  included,  though  not  a  very  large  sum.  As  he  was  new  to  this 
section  of  the  country,  he  agreed  to  allow  this  item  provided  his 
consulting  engineer  said  that  it  was  proper,  but  the  engineer  ruled 
the  other  way. 

*  How  many  remember  that  the  North  River,  (the  Hudson),  was  so  named  to  dis- 
tinguish it  from  the  South  River   (now  known   as  the   Delaware)  ? 
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HARLEM    RIVER    SWING    BRIDGES. 
Above,   the  Rapid  Transit  bridge,  built   on   the  piers  of  the   old   ship-canal    bridge.      Below, 

Madison   Avenue  bridge. 

The  truly  grand  Harlem  River  bridges,  High  and  Washington, 
as  well  as  the  East  River  bridges,  are  so  big  and  important  that  they 
each  need  a  separate  description,  although  some  of  the  latter  ought 
to  be  physically  or  structurally  connected;  some  ten  years  ago  when 
I  was  the  first  to  publish  (in  the  Brooklyn  Eagle)  a  scheme  for  con- 
necting the  Brooklyn  and  Manhattan  bridges  at  both  ends,  which 
would  have  relieved  the  Brooklyn  Bridge  crush,  everybody  laughed 
at  the  idea  of  the  enormous  expense ;  but  now  the  question  of  expense 
is  a  secondary  consideration. 

It  might  be  laid  down  as  a  law  that  there  should  be  no  terminal 
for  the  dumping  of  human  freight  on  the  Island  of  Manhattan. 
Imagine,  for  instance,  the  subways  or  elevated  railways  having  ter- 
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minals  at  City  Ilall  and  no  other  stop  below,  say  426.  Street.  The 
Bridge  crush  "would  not  be  in  it."  Even  the  loop  that  is  now  being 
built  will  not  afiford  nearly  as  much  relief  as  it  would  had  it  followed 
my  original  plan  of  crossing  the  city  to  West  Street,  thus  tapping 
all  north  and  south  lines  of  traffic. 

All  the  bridges  and  tunnels  started  up  to  date  will  not  be  sufficient 
to  accommodate  the  Long  Island  crowd.  A  bridge  should  be  started 
at  once  close  to  the  old  Brooklyn  Bridge,  with  three  times  its  capacity, 
and  then  connected  at  both  ends  with  the  Manhattan  Bridge,  the  New 
York  loop  passing  the  North  River  ferries,  etc. 


THIRD    AVENUE    SWING  BRIDGE,    HARLEM    RIVER. 

While  New  York  has  led  in  suspension  bridges,  having  three  of 
nearly  1600- feet  span  each,  it  is  also  leading  in  cantilevers,  as  the 
Blackwell's  Island  bridge  is  the  greatest  cantilever  in  America.  It  is 
also  now^  going  to  make  an  enormous  bound  in  building  the  greatest 
reinforced  concrete  arch  in  the  world,  as  the  Hudson  Memorial  Arch 
Bridge  will  have  a  span  two  and  a  half  times  as  great  as  any  masonry 
arch  span  ever  attempted,  and  we  hope  that  it  will  not  be  long  before 
New  York  makes  another  tremendous  bound  when  it  puts  cantilever 
and  suspension  bridges  across  the  Hudson  River,  having  clear  spans 
of  3,000  feet  or  over,  as  against  1,800  feet  at  Quebec,  the  greatest 
contemplated  anywhere  else.  The  feasibility  of  this  has  been  shown 
by  several  carefully  worked  out  plans.  But  before  this  is  accom- 
plished New  York  will  have  again  led  in  another  direction  and  added 
a  1000-foot  steel  arch  to  its  record,  which  will  be  built  at  Ward's 
Island  from  the  design  of  Gustav  Lindenthal,  by  the  Pennsylvania 
Railroad  interests,  to  bring  the  New  England  traffic  into  Brooklyn. 
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ABOVE,   PELHAM    BAY   BRIDGE;    A    UNIQUE     DESIGN.        BELOW,     UNIONPORT ;     AN     IN- 
GENIOUS   BUT   OBSOLETE    DESIGN    FOR    A    SWING    BRIDGE, 


But  to  come  down  from  the  skies  for  awhile :  we  have,  of  course, 
small  reinforced-concrete  and  wooden  bridges  galore,  but,  as  a  rule, 
there  are  not  many  antiquated  bridges  left  in  New  York;  for  when 
we  want  a  bridge  we  want  it  badly,  and  therefore  want  a  good,  not 
a  bad  one,  which  means  continual  rebuilding;  for  most  designs  of 
over  25  or  30  years  are  now  obsolete  as  far  as  new  work  is  concerned. 
Even  the  grand  old  Brooklyn  Bridge,  a  masterpiece  in  its  prime, 
will  never  be  duplicated.  But  there  is  one  old  bridge  which  no  New 
Yorker  wants  to  see  replaced,  nor  is  there  any  reason  why  it  should 
be,  for  it  was  very  well  constructed  and  is  still  an  artistic  engineering 
triumph.    I  refer  to  Hi^h  Bridge — of  which  more  anon. 
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BRIDGES  OF  THE  BRONX. 
Above,  Hutchinson  River;   a  modest  swing.     Below,   Westchester;   a  novel  plate-girder  swing. 

There  is  one  type  of  bridge  we  have  not  here,  and  it  is  to  be  hoped 
we  will  not  have  it,  although  we  nearly  had  one  over  Newtown  Creek ; 
and  there  is  one  over  the  Thames  at  London,  as  well  as  a  few  in  the 
United  States — and  that  is,  a  Tower  Bridge,  where  a  tower  is  built 
on  each  side  of  the  stream  and  the  bridge  between  the  towers  is  sus- 
pended in  such  a  way  that  it  can  be  raised  (both  ends  remaining 
horizontal)  so  that  ships  can  pass  under.  Some  have  stairs  and  others 
elevators,  so  that  people  who  do  not  v/ish  to  wait  for  the  bridge  to  be 
lowered  can  go  up  one  tower,  walk  across,  and  go  down  the  other 
tower.     As  a  rule,  a  tunnel  would  be  better  than  such  a  bridge. 

A  well  designed  bridge  has  three  great  dangers  to  contend  with. 
The  first  is  rust,  the  prevention  of  which  requires  eternal  vigilance 
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and  plenty  of  good  paint.  The  second  and  less  well-known  is  elec- 
trolysis, and  unless  much  greater  care  is  taken  against  grounding  the 
current  a  great  catastrophe  will  some  day  occur.  This  statement  is 
the  result  of  observations  and  not  a  theoretical  conclusion,  for  steel 
anchor  bolts  in  New  York  have  been  completely  eaten  up  by  very 
small  escaping  currents.  The  third  danger  is  that  of  overloading  or 
forcing  the  bridge  to  carry  much  greater  loads  than  it  was  ever 
designed  for.  This  seems  a  childish  warning  in  some  respects,  for 
if  it  is  well-known  what  load  the  bridge  can  safely  carry  one  might 
ask  why  greater  loads  are  allowed.  That  reminds  me  of  an  experi- 
ence when,  as  a  young  man,  I  was  designing  a  derrick  for  a  con- 
tractor and  was  trying  to  find  out  what  would  be  the  heaviest  load 
that  he  would  probably  lift  with  the  derrick;  an  old  engineer  who 
was  listening  to  the  discussion  turned  to  me  and  said,  "You  can  bank 
on  the  fact  that  the  superintendent  for  the  contractors  will  try  to  lift 
the  heaviest  load  that  he  can  reach  with  the  derrick,  no  matter  what 
capacity  it  is  designed  for."  And  so  with  bridges;  they  try  to  let 
everything  that  wants  to,  pass  over ;  so  the  only  safe  way  is  to  follow, 
to  a  certain  extent,  the  advice  Smeaton,  that  famous  old  English 
engineer,  once  gave  to  a  young  engineer :   ''When  you  build  a  bridge. 


FRESH     KILLS,    RICHMOND,     .^     SMALL     DRAW     BRIDGE, 
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HIGH    BRIDGE,    CARRYING    THE    OLD    CROTON    AQUEDUCT    ACROSS    THE    ITARLEM    RIVER. 

make  it  strong,  sir,  make  it  strong,  and  when  you  have  got  it  strong, 
make  it  damn  strong."  The  endeavor  to  make  bridges  just  strong 
enough  has  resulted,  owing  to  the  constant  increase  in  rolUng  stock, 
etc.,  in  causing  iron  bridges  to  be  rebuilt,  sometimes  several  times,  in 
the  last  fifty  years,  when  they  were  supposed  to  last  forever. 

The  present  elevated  road  was  built  too  light,  and  we  often  hear 
that  it  should  be  removed  and  replaced  by  tunnels;  but  I  for  one 
sincerely  hope  that,  when  the  time  comes,  the  elevated-railroad  struc- 
tures will  be  renewed  with  better  and  finer  ones;  for,  at  the  very 
l>est,  travel  in  tunnels  can  never  be  as  healthy  as  travel  in  sunlight. 
Who  does  not  know  that  an  unwhitewashed  cellar  is  absolutely  dan- 
gerous to  the  health  ?  And  yet  our  subways  are  nothing  but  a  string 
of  cellars  which  badly  need  whitewashing.  Has  not  this  something  to 
do  with  the  great  amount  of  "grippe"  and  similar  diseases,  with  which 
we  have  been  afflicted?  At  present  we  are  "tunnel  mad,"  but  soon 
the  fever  will  turn  to  bridges  again  to  reduce  lung  fever.  This  is 
not  inconsistent  with  the  statement  that  tunnels  under  the  Harlem 
River  are  to  be  preferred  to  low-level  bridges. 

High  Bridge. 

This  is  the  oldest  of  the  big  bridges  of  New  York,  completed  in 
1849,  remaining  ever  since  as  a  work  of  art  and  an  example  of  the 
best  engineering  construction. 

The  primary  purpose  of  this  bridge  was  diflferent  from  any  of 
the  others,  as  it  was  designed  to  carry  the  Croton  water  across  the 
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Harlem  River  in  a  7 1/^ -foot  pipe,  following  the  old  Roman  practice 
of  carrying  their  aqueducts  over  bridges  instead  of  under  the  river 
through  tunnels.  When  High  Bridge  was  started,  it  was  not  con- 
sidered safe  to  risk  a  tunnel  for  the  water  supply;  hence  this  massive 
bridge  which,  however,  was  only  24  feet  wide  at  the  top,  to  carry  a 
single  water  pipe.  It  speaks  well  for  the  engineers  and  contractors 
that  it  was  made,  and  has  remained  ever  since,  water-tight — quite  a 
difficult  feat  when  one  considers  the  effect  of  contraction  and  expan- 
sion of  material  and  the  fact  that  good  Portland  cement  was  not 
obtainable  in  those  days. 


WASHINGTON   BRIDGE,,    HARLEM   RIVER. 

The  total  length  is  1,450  feet,  made  up  of  clear  spans  of  80  feet, 
the  distance  center  to  center  of  piers  being  94  feet,  and  the  clear  height 
above  water  100  feet.  This  bridge  was  completed  three  years  before 
our  great  American  Society  of  Civil  Engineers  was  founded,  in  1852, 
the  engineers  of  the  bridge  being  prominent  in  the  forming  of  the 
Society. 

Washington  Bridge. 

Fortunately  the  next  bridge  after  High  Bridge  to  cross  the 
Harlem  River,  at  i8ist  Street,  is  also  a  work  of  art  as  well  as  engi- 
neering, engineers  as  a  rule  being  too  prone  to  consider  cost  before 
beauty.  Washington  Bridge  is  about  2,400  feet  long  and  80  feet 
wide,  the  two  main  arches  are  508- feet  span  each — one  over  the 
Harlem  River  and  the  other  over  the  tracks  of  the  New  York  Central 
Railroad.  This,  one  of  the  finest  bridges  in  America,  was  obtained  by 
offering  prizes  for  the  J)est  set  of  plans,  and  though  the  committee 
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TWO    HISTORIC    BRIDGES    OF    UPPER    NEW    YORK. 
Above,   Faimci's   Bridge,  in  the  Bronx,   of  the   18th  century.      Below,   King's   Bridge,   of   the 

17th    century    and    of   today. 

awarded  the  first  prize  to  Mr.  C.  C.  Schneider,  as  they  considered  his 
design  to  be  the  finest,  they,  nevertheless,  decided  to  bnild  the  Ijridge 
according  to  the  contractor's  plans  on  account  of  the  expense — a  unique 
proceeding;  but  by  modifying  the  plans  slightly,  using  some  of  Mr. 
Schneider's  and  others'  ideas,  a  most  creditable  bridge  resulted  at  a 
cost  of  $2,850,000,  of  which  about  $900,000  was  spent  on  the  steel 
work.  The  construction  of  this  bridge  was  commenced  in  1886  and 
completed  two  years  later. 
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Old  King's  Bridge. 
As  this  neighborhood  is  one  of  the 
most  interesting  historically  in  New 
York,  so  much  so  that  an  antiqua- 
rian could  fill  a  book  on  the  rich 
find  of  relics  which  have  been  made, 
it  is  fitting  that  we  should  have  at 
least  one  really  old  bridge  here,  and 
the  King's  Bridge  over  Spuyten 
Duyvil  Creek  is  undoubtedly  the  old- 
est bridge  in  New  York  City,  hav- 
ing been  built  by  Frederick  Phillipse, 
Lord  of  the  Manor  of  Phillipsburg, 
who  maintained  it  as  a  toll  bridge 
under  Royal  charter.  The  super- 
structure, however,  has  recently  been 
rebuilt.  This  was  on  the  highway 
from  New  York  to  Albany  and  Bos- 
ton. Farmers'  Bridge,  near  by,  was 
built  by  Jacob  Dykeman  and  Jo- 
hannes Vermilyea  in  opposition  to 
the  toll,  King's  Bridge.  Farmers' 
Bridge  is  often  mentioned  in  the  his- 
torical records  of  the  eighteenth  cen- 
tury, and  King's  Bridge  in  that  of 
the  seventeenth  century. 

Ship-Canal  Bridge. 
We  have  already  referred  to  the 
construction  of  the  Ship-Canal 
Bridge  which  was  recently  moved 
to  Fordham  Heights  at  a  cost  of 
$80,000,  the  total  cost  of  the  new 
foundations  and  approaches  bring- 
ing the  cost  up  to  about  $1,000,000. 
This  bridge  was  moved  to  allow  the 
Rapid  Transit  Commissioners  to 
build  a  double-deck  structure  at  the 
old  site.  The  new  draw  span  was 
erected  on  piles  between  the  two 
sites,  after  which  barges  were  placed 
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under  it  and  blocking  arranged  so  that,  as  the  tide  rose,  it  Hfted  the 
bridge  off  its  supports  to  permit  it  to  be  towed  up  stream  and  placed 
on  the  old  piers,  the  old  superstructure,  by  the  same  method,  being 
removed  to  its  new  site  at  Fordham,  causing  the  least  possible  delay 
to  traffic.  This  necessarily  required  very  careful  and  accurate  calcu- 
lations, the  correctness  of  which  w^as  proved  by  the  moving  being 
completed  without  a  hitch. 

Hudson  Memorial  Bridge. 

Some  years  ago  a  body  of  citizens  decided  to  erect  some  structure 
to  commemorate  the  sailing  of  Hendrik  Hudson  up  the  North  River 
in  1609,  and  they  determined  to  erect  a  bridge  to  carry  the  extension 
of  Riverside  Drive  north  across  the  Spuyten  Duyvil  Creek  near  its 
connection  with  the  Hudson  River.  One  of  the  first  plans  submitted 
was  for  a  steel-arch  bridge  having  a  main  span  of  825  feet,  but  this 
was  rejected,  as  it  was  desired  to  have  a  memorial  bridge  of  inde- 
structible material — to  be  a  monument  forever.  So  it  was  finally 
decided  to  build  a  reinforced-concrete  bridge  having  a  main  span  of 
700  feet,  according  to  the  beautiful  design  shown  here.  And  it 
certainly  will  be  monumental,  as  can  be  realized  when  we  know  that 
the  longest  reinforced  concrete  arch  completed  is  only  of  230  feet 
span  and  is  in  Germany,  while  the  longest  yet  attempted  in  America 
is  only  233  feet  as  against  the  700  feet  for  the  Hudson  Memorial. 

While  the  design  is  certainly  bold,  there  is  no  cheese-paring 
economy  about  it,  the  concrete  at  the  crown  being  15  feet  thick  and 
at  the  skew -backs  28  feet  thick,  the  whole  bridge  having  a  width  of 
70  feet.  The  arch  will  be  heavily  reinforced  with  steel  angles,  etc., 
forming  twelve  ribs  or  trusses.  The  weight  of  these  steel  ribs  alone 
will  be  about  8,590  tong^     A  series  of  columns  on  top  of  the  arch 
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SPUYTEN    DUYVIL.      A   PLATE-GIRDER    SPAN. 


will  carry  a  double-deck  floor.  Under  the  crown  of  the  arch  will  be 
a  clear  space  of  177  feet  above  the  water.  The  East  River  bridges 
require  a  clear  height  of  135  feet. 

The  bridge  will  be  about  3,000  feet  long,  and  it  is  estimated  that 
it  will  cost  $4,000,000.  The  completion  of  such  a  bridge  will  not  only 
be  a  monument  to  Hendrik  Hudson,  but  also  to  the  designers  who 
dared  to  cast  precedent  to  the  winds. 

While  the  general  public  will  be  chiefly  interested  in  the  cost  and 
the  beauty  of  the  conception,  the  first  question  an  engineer  will  ask 
is,  how  will  it  be  erected,  for  they  realize  what  an  enormous  weight, 
100,000  tons,  must  be  carried  by  the  false  works,  or  ''centers"  as  they 
are  called.  This  amounts  to  2  tons,  or  4,000  pounds  for  every  square 
foot  of  floor,  or  probably  30  times  the  load  that  will  ever  pass  over 
the  completed  structure. 

If  the  false  works  were  carried  on  piles,  the  piles  would  have  to 
be  placed  every  3  feet  apart  in  both  directions,  completely  blocking 
the  channel,  which  would  not  be  permitted.  So  three  pneumatic 
caissons  will  probably  be  sunk  to  rock  to  carry  steel  towers  and  trusses 
forming  the  centers,  all  of  which  will  be  removed  on  the  completion 
of  the  permanent  structure,  the  concrete  being  allowed  at  least  six 
months  to  set  before  the  centers  are  struck., 

Europe  often  leads  the  United  States  in  the  artistic  beauty  of  its 
bridges,  but  i:   "  .thing  on  the  scale  of  this  Memorial  Bridge, 

a  grand  bridge  ^n  a  grand  site. 
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By  William  Herbert  Hobbs. 

Professor  Hobbs  presents,  with  authority,  very  clear  conclusions  upon  a  subject  which 
has  lately  attracted  earnest  attention  internationally,  and  which  is  of  large  economic  and 
engineering  importance.  San  Francisco,  Kingston,  Messina,  and  a  number  of  remoter 
disasters  have  awakened  inquiry  into  measures  for  protection  against  similar  destruction  in 
the  future.  The  distrust  of  seismic  conditions  on  the  Isthmus  makes  it  important  to  safe- 
guard the  great  works  of  construction  along  the  Panama  Canal.  On  all  these  points,  Pro- 
fessor  Hobbs's   article  will  be   found  most  instructive  and   helpful. — The   Editors. 

DESTRUCTIONAL  SHOCKS.  Earthquake  shocks  have  been 
classified  into  successional  and  frictional  vibrations.  Those 
designated  as  frictional,  which  within  the  much  disturbed 
region  are  made  manifest  as  subterranean  rumblings,  may  here  be 
omitted  from  consideration,  since  their  amplitude  is  too  small  to 
affect  the  stability  of  buildings  or  other  artificial  structures.  To 
damage  well  built  structures  such  as  man  is  accustomed  to  raise,  the 
movements  of  the  ground  must  be  both  relatively  large  and  rapid. 
"World  shaking"  movements  in  New  Zealand  may  have,  even  in 
England  upon  the  antipodal  side  of  the  planet,  an  amplitude  of 
motion  which  is  measured  in  inches.  Since,  however,  their  period 
of  vibration  reaches  into  the  tens  of  seconds,  and  their  wave  length 
into  the  tens  of  miles,  these  displacements  also  are  without  perma- 
nent effect  upon  artificial  structures.  It  is,  for  these  reasons,  the 
successional  shocks  only  and  the  area  of  sensible  disturbance  alone, 
with  which  we  are  here  concerned. 

It  is  customary  to  gauge  destructive  shocks  of  earthquake  in  terms 
of  (i)  their  amplitude,  (2)  their  velocity  measured  in  inches  or  centi- 
meters per  second,  and  (3)  their  acceleration,  or  augmentation  of  ve- 
locity, measured  in  inches  or  centimeters  per  second  per  second. 

The  Hazard  of  the  Locality.  Inasmuch  as  the  very  nature  of 
earth  displacements  implies  a  localization  along  definite  lines  of  earth 
fracture  which  are  repeatedly  the  seats  of  movement  at  the  time  of 
earthquakes,  it  is  of  prime  importance  to  make  proper  choice  of  loca- 
tion for  the  community  as  well  as  for  the  structure  itself.  The  larger 
problem  of  location  for  a  city  or  town  may  be  determined,  to  a  large 
extent,  by  considerations  which  are  primarily  commercial,  though  in 
the  case  of  residential  places,  sanitary  and  aesthetic  as  well.  The  few 
harbors  along  the  Pacific  coast  of  the  United  States  make  it  certain 

929 


930  THE  ENGINEERING  MAGAZINE. 

that  great  cities  will  always  be  located  on  or  near  the  sites  of  San 
Francisco  and  Seattle,  however  great  the  danger  from  earthquakes 
may  be.  It  is  unfortunate  that  the  criteria  which  must  in  large 
measure  fix  the  location  ol  great  cities,  are  such  that  these  are  likely 
to  be  places  of  relatively  high  seismicity.  A  deep  or  a  land-locked 
port,  a  gate  city  at  the  front  of  a  mountain  barrier,  a  large  water 
power,  or  the  head  of  navigation  upon  a  river — all  these  considera- 
tions raise  the  probable  seismicity  of  the  locality. 

If  we  consider  the  older  cities  whose  histories  go  back  to  the  time 
when  capacity  for  defense  rather  than  commercial  advantage  was 
the  determining  factor  in  their  location,  we  find  that  it  is  the  vicmity 
of  a  steep  slope  above  which  a  castle  could  be  perched,  that  has  made 
the  locality  a  seismically  dangerous  one.  There  are  some  lines  in  the 
surface  of  the  ground  which,  because  above  main  faults,  are  so  dan- 
gerous that  structures  should  not  be  reared  upon  them;  but  except 
along  these  narrow  zones  it  is  safe  to  say  that  essentially  earthquake- 
proof  construction  is  possible. 

The  Study  of  the  Site.  There  is  small  ground  for  hope  that 
except  where  communities  have  already  been  largely  destroyed  by  an 
earthquake,  they  will  be  constructed  with  much  reference  to  a  safe- 
guarding of  the  future.  History  reveals  only  too  plainly  a  pertinacity 
which  amounts  almost  to  stubbornness  in  carrying  out  traditional 
rather  than  scientific  methods  of  construction,  even  after  repeated 
disasters.  It  is  fortunate  that  in  those  communities  where  there  is 
hope  of  introducing  reforms,  there  is  a  possibility  of  determining  the 
places  of  greatest  danger.  In  all  cases  where  a  community  has  been 
visited  by  earthquake  a  map  should  be  prepared  to  indicate  clearly 
where  shocks  were  heaviest — where  structures  were  most  damaged, 
regard  being  had  to  their  relative  stability  and  to  their  capacity  to 
withstand  various  types  of  differential  stresses. 

This  map  having  been  prepared,  it  will  perhaps  first  of  all  be 
noted  that  areas  singled  out  for  special  destruction  correspond  to 
areas  above  loose  foundations,  such  as  valley  bottoms,  whereas 
structures  situated  on  rock  have  suffered  relatively  little.  This  is  a 
fact  of  rather  general  observation,  to  which  there  are,  however,  many 
noteworthy  exceptions.  Other  things  being  equal,  the  unconsolidated 
formations  afford  much  more  dangerous  building  sites.  If  well 
drained,  and  hence  comparatively  dry,  such  deposits  are  less  danger- 
ous than  others  which  are  habitually  wet;  and  hence  a  marshy  tract 
or  a  former  stream  bed  is  an  especially  undesirable  site  for  a  building. 
So-called  "made"  ground  with  its  crockery,  tin-can,  and  rubbish  in- 
gredients, is  especially  subject  to  collapse  under  earth  shocks,  and 
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this  offers  an  additional  source  of  danger.  The  boundaries  of  all 
"filled"  areas  within  a  community  should  therefore  be  determined,  so 
that  structures  raised  above  them  may  be  constructed  with  special 
precautions.  Insurance  companies  may  wisely  take  cognizance  of 
the  nature  of  foundations  in  insuring  against  damage  from  earth- 
quakes. 


FIG.    I.      DEVICE    TO    ILLUSTRATE    THE    PROPERTIES    OF    "sOLID"    AND    "lOOSE"    GROUND 
WHEN    DISTURBED    BY    AN    EARTHQUAKE. 

Reason  for  Lighter  Shocks  on  Rock  Foundations.  The 
simple  device  represented  in  Figure  i  may  serve  to  illustrate  the 
widely  different  properties  of  "solid  rock,"  and  of  unconsolidated 
deposits,  which  make  the  first  a  relatively  safe  foundation  in  earth- 
quake districts.  Two  metal  stirrups  of  the  same  dimensions  are 
attached  to  a  metal  support,  the  one  by  a  steel  plate,  and  the  other 
by  a  piece  of  so-called  "elastic"  braid  of  the  same  dimensions.  Steel 
has  a  high  rigidity  and  elasticity,  but  permits  little  amplitude  of  dis- 
placement even  when  subjected  to  large  stresses.  In  these  respects 
it  resembles  rock.  The  "elastic"  braid,  iiotwithstanding  its  name,  is 
much  less  elastic  and  of  very  little  stiffness  or  rigidity,  but  it  permits 
of  extreme  distortions  of  its  form  under  the  action  of  light  shocks. 
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These  properties  belong  also  to  unconsolidated  deposits,  such  as  valley 
fillings  and  "made"  ground. 

If,  now,  light  shocks  of  the  same  strength  be  communicated  to 
each  stirrup,  the  one  attached  to  the  steel  band  is  but  slightly  affected, 
whereas  the  one  upon  the  braid  support  is  thrown  into  a  violent  agita- 
tion, and  any  unstable  body  resting  upon  it  will  be  upset.  It  should 
not  be  forgotten  that  the  shocks  would  be  transmitted  to  a  much 
greater  distance  in  the  steel  than  they  would  in  the  braid,  since  the 
very  lack  of  stiffness  and  elasticity  tend  to  dissipate  the  energy  of  the 
movement.  A  sharp  blow  administered  to  the  metal  support  is  trans- 
mitted with  little  loss  of  energy  to  the  stirrup  connected  by  the  steel, 
though  it  affects  but  slightly  the  other.  It  is  not  unlikely  that  there 
is  a  definite  thickness  for  loose  material  beyond  which  the  dissipation 
of  the  energy  from  this  source  may  overbalance  the  augmentation  of 
shock  amplitude  due  to  the  lack  of  coherence  of  the  material.  This 
subject  needs  investigation. 

The  tendency  of  unconsolidated  deposits  to  undergo  internal 
adjustments  so  as  to  become  locally  either  more  or  less  compact  than 
they  were  before  the  arrival  of  the  shocks,  must  bring  about  modifica- 
tions in  the  direction  and  character  of  the  shocks  themselves.  Con- 
siderable displacements  within  the  underlying  rock  basement  will 
hardly  appear  as  such  at  the  surface  of  the  ground,  provided  the 
layer  of  loose  material  is  sufficiently  deep.  Horizontal  differential 
movements  such  as  in  solid  rock  would  appear  as  offsets  at  the  sur- 
face and  cause  large  overturning  movements,  would  by  passing  up- 
ward through  a  thick  cover  of  loose  deposits  be  inevitably  greatly 
modified  in  character,  and  it  is  probable  that  the  strength  of  the 
shocks  might  be  either  less  or  more  than  they  are  in  the  solid  rock 
below. 

Presumable  Lines  of  Fault.  The  damage  map  of  a  community 
which  represents  either  in  different  colors  or  shades  the  varying 
degrees  of  distruction  in  the  different  sections,  as  these  have  been  re- 
vealed by  historic  earthquakes,  should  be  carefully  scrutinized  for  any 
indication  of  the  presence  of  lanes  of  distruction  or  of  special  focal 
points.  These  lanes  or  foci  may  represent  the  location  respectively  of 
faults  or  of  their  intersections.  The  probability  that  the  lane  of  dis- 
truction is  on  this  account  a  zone  of  special  danger,  will  be  so  much 
the  larger  if  it  is  found  to  correspond  in  direction  either  with  known 
faults  in  the  vicinity  or  with  prominent  joint  fissures  within  the  base- 
ment rock  of  the  neighborhood.  All  lines  or  spots  of  special  danger 
thus  indicated  with  probability,  should  be  utilized  for  parks  or  boule- 
vards, and  so  far  as  possible  avoided  in  locating  important  structures. 
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The  Earthquake-Proof  House.  A  building  in  the  throes  of  an 
earthquake  tends  to  vibrate  Hke  an  inverted  penduhim,  or  more  fre- 
quently like  a  series  of  them,  since  it  is  usually  constructed  of  differ- 
ent materials  each  having  its  own  natural  period  of  vibration.  Not 
only  do  the  different  materials  correspond  to  different  vibration 
periods,  but  if  there  are  wings  or  extensions  to  the  main  portion  of 
the  building,  these  parts,  in  so  far  as  they  vibrate  as  units,  will  further 
have  different  periods  from  the  main  portion.  It  is  this  difference 
of  vibration  period  which  gives  rise  to  differential  internal  or  "rack- 
ing'' stresses  tending  to  destroy  the  integrity  of  the  structure.  If  all 
parts  can  be  so  firmly  joined  together  that  the  building  moves  essen- 
tially as  a  unit,  it  may  be  said  to  be  "earthquake-proof."  The  building 
might  still  be  overturned  bodily,  but  except  over  or  very  near  a  main 
fault  line,  experience  indicates  that  this  is  not  likely  to  occur.  Again, 
it  might  be  sunk  into  loose  deposits,  but  this  can  probably  be  largely 
prevented  by  providing  suitable  artificial  foundations. 

Building  Methods,  Professor  Milne's  Compilation.  Many 
years  ago  Professor  Milne  undertook  an  extended  compilation  of  the 
building  methods  adopted  in  various  earthquake  countries.  Copies  of 
the  building  regulations  which  were  at  the  time  in  force  were  dili- 
gently assembled  and  translated,  and  what  was  of  value  was  extracted 
and  utilized  in  the  preparation  of  a  set  of  general  rules,  which  for  the 
most  part  need  but  slight  alteration  today  so  far  as  the  building  types 
to  which  they  refer  are  concerned.  These  studies  were  published 
as  Vol.  14  of  the  Transactions  of  the  Seismological  Society  of  Japan. 

Japanese  Experiments  on  Stability  of  Structures.  When  in 
1892  the  Earthquake  Investigation  Committee  of  Japan  was  organ- 
ized, one  of  its  subjects  was  "to  investigate  what  can  be  done  to  re- 
duce disastrous  effects  of  earthquake  shocks  to  a  minimum  by  the 
choice  of  proper  structures,  materials,  position,  etc."  The  frequent 
light  shocks  and  the  occasional  disastrous  ones  to  which  Japan  is 
subject,  make  of  it  a  natural  earthquake  laboratory,  and  elaborate 
tests  with  seismographs  were  early  undertaken  by  the  Committee  to 
determine  the  relative  intensity  of  shocks  in  dift'erent  types  of  build- 
ings as  well  as  in  different  parts  of  the  same  building.  The  destruction 
which  resulted  from  the  Mino-Owari  quake  of  1891  was  carefully 
studied,  and  a  series  of  laboratory  experiments  was  carried  out  by 
use  of  a  specially  constructed  "shaking  table,"  in  order  to  learn  espe- 
cially the  relative  stability  of  columns  of  various  dimensions  and  ma- 
terials when  subjected  to  harmonic  vibrations  of  known  amplitudes 
and  periods.  Unfortunately  most  of  the  literature  of  these  studies  is 
in  the  Japanese  language,  but  in  1897  a  series  of  publications  was 
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begun  in  foreign  languages,  mainly  English,  and  in  these  publications 
some  important  papers  became  generally  accessible. 

In  1905  the  whole  subject  of  proper  earthquake  construction  was 
thoroughly  gone  into  by  the  Count  de  Montessus  de  Ballore  {L'art 
de  Constriiire  dans  les  Pays  a  Tremhlements  de  Terre,  Leipzig, 
1905),  and  in  1907  the  subject  was  again  discussed  in  a  more  general 
way  by  the  same  distinguished  authority  in  his  La  Science  Seis- 
mologiqtie. 

The  New  Construction  in  Calabria.  Previous  to  the  earth- 
quake of  1905,  the  normal  type  of  peasant  dwellings  throughout 
Calabria  had  walls  built  up  of  rounded  boulders  loosely  cemented  by 
a  weak  lime  mortar  of  home  manufacture,  and  surmounted  by  a  roof 
of  heavy  tiles  loosely  supported  upon  poles.  These  human  deadfalls 
have  sometimes  after  an  earthquake  been  reared  in  the  same  fashion 
above  their  own  ruins.  The  distruction  wrought  by  the  shocks  of 
1905  made  it  necessary  to  rebuild  largely  many  entire  villages  of  the 
province,  such,  for  example,  as  Martirano,  Aiello,  lacurso,  San  Leo, 
Favelloni,  and  Mellicucca.  This  work  was  taken  up  by  the  Milan 
Committee  (Comitato  Lombardo)  upon  plans  approved  by  compe- 
tent seismologists,  and  now  for  the  first  time  in  history  the  lives  of 
the  Calabrian  peasants  in  certain  villages  are  insured  against  the 
great  scourge  of  the  province.  Mario  Baratta,  the  well  known  au- 
thority upon  Italian  earthquakes,  has  described  the  various  types  of 
structure  in  some  detail  in  a  Bulletin  of  the  Italian  Seismological 
Society. 

As  a  consequence  of  the  terrible  disaster  to  Sicily  and  Calabria 
last  December  the  Italian  Government  has  acted  vigorously,  and  on 
April  18,  1909,  by  royal  decree  No.  193,  a  set  of  regulations  was 
promulgated  which  must  be  adhered  to  "in  repairs,  reconstructions, 
and  new  constructions  of  the  edifices  public  and  private  in  the  vil- 
lages damaged  by  the  earthquake  of  December  28,  1908,  or  by  other 
earlier  ones."  These  regulations  have  been  published  by  the  Italian 
Ministry  of  Public  Works  on  April  23,  1909  (See  bibliography  at  end 
of  this  paper). 

The  Lessons  of  the  California  Earthquake.  The  California 
earthquake  of  April  18,  1906,  by  applying  the  natural  earthquake 
test  to  modern  building  types,  has  for  the  first  time  shown  the  earth- 
quake-resisting qualities  of  a  large  variety  of  building  materials  and 
structural  types.  The  published  material  relating  to  the  subject,  so 
far  as  it  is  of  special  importance  to  architects,  builders,  and  engineers, 
is  chiefly  contained  in  two  sources,  one  a  bulletin  of  the  United  States 
Geological  Survey  (No.  324,  Washington,  1907),  and  the  other  the 
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report  of  a  number  of  local  committees  in  vSan  Francisco  of  the  Ameri- 
can Society  of  Civil  Engineers  (Trans.  Am.  Soc.  Civ.  Eng.,  Vol.  59, 
1907,  pp.  208-329).  The  best  general  summary  of  the  results  is  per- 
haps contained  in  a  paper  written  by  Professor  Charles  Derleth,  Jr., 
and  published  in  ''The  California  Earthquake  of  1906,"  a  popular 
work  edited  by  President  David  Starr  Jordan  and  published  by 
Robertson  of  San  Francisco  in  1907. 


FIG.   2.      HAVOC   WROUGHT  IN   BUILDINGS   OF    MASONRY    AND  TIMBER   IN    THE   CITY    OF 

MESSINA  BY  THE   SHOCKS   OF   DECEMBER   28,    I908.      THE   STONES   ARE 

IRREGULAR  AND  CEMENTED  BY  WEAK  MORTAR. 


Foundations  of  Buildings.  It  has  alieady  been  shown  that 
loose  or  unconsolidated  materials  make  a  particularly  dangerous 
foundation  for  buildings  in  seismic  districts,  and  this  not  alone  be- 
cause they  are  in  danger  of  sudden  settling,  but  because  earthquake 
vibrations  are  in  them  transformed  into  displacements  of  relatively 
large  amplitude.  These  large-amplitude  waves,  however,  are  ap- 
parently restricted  to  the  surface  layers  of  the  material,  probably  be- 
cause superincumbent  rock  material  imposes  a  restraint  upon  the 
motions  of  rock  particles  in  proportion  to  its  weight  or  depth.  Ex- 
periments carried  out  by   Professor  Milne   during  a  severe   earth- 
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FIG.  3.     THE  NEW  GOVERNMENT  BUILDINGS  NOW  UNDER  CONSTRUCTION  AT  KINGSTON, 
JAMAICA,      ALL   ARE    TO    BE    CONSTRUCTED   FROM    REINFORCED   CONCRETE. 

quake  in  the  city  of  Tokyo  in  1885  showed  that  the  vibrations  in  hard 
ground  in  the  bottom  of  a  pit  ten  feet  in  depth,  were  but  a  fraction 
of  what  they  were  at  the  surface  of  the  ground.  The  ampHtude  of 
motion  at  the  bottom  of  the  pit  was  only  one  thirty-fourth  of  what 


CONSTRUCTION    IN   RARTIIQUAKE   COUNTRIES.  937 

it  was  at  the  surface  ten  feet  above,  while  the  maximum  velocity  and 
the  maximum  acceleration  were  respectively  one  fifty-second  and  one 
eighty-second  of  their  surface  values.  Later  studies  by  Professors 
Sekiya  and  Omori,  on  the  other  hand,  showed  that  for  small  earth- 
quakes there  is  practically  no  difference  between  the  motions  at  the 
bottom  of  a  pit  and  those  upon  the  surface  of  the  ground.  It  is  a 
fact  long  known  that  severe  earthquakes  may  cause  much  damage 
at  the  surface  and  not  be  noticed  by  miners  in  the  galleries  below. 

The  examination  made  of  buildings  in  San  Francisco  after  the 
earthquake  of  1906,  showed  that  where  deep  and  suitable  founda- 
tions had  been  prepared,  the  destruction  of  well-made  buildings  was 
relatively  small.  Even  the  Ferry  Building,  resting  as  it  did  upon  the 
outer  edge  of  the  made-ground  of  the  city,  stood  the  shock  splendidly 
because  of  excellent  pile  foundations.  The  Call  Building  of  fifteen 
stories  and  cupola,  built  upon  sand,  was  but  little  damaged,  and  this 
rested  upon  a  foundation  of  concrete  with  a  skeleton  of  steel  grillage. 
Professor  Derleth  has  recommended  that  on  soft  ground,  buildings 
too  light  to  require  pile  foundations  might  well  have  cellar  slabs  of 
reinforced  concrete,  which  would  act  as  units  with  the  wall  footings 
and  give  distributing  power  as  well  as  prevent  unequal  settlement. 

The  vibrations  of  large  amplitude  being  in  loose  materials  a 
largely  superficial  phenomenon,  the  building  is  in  a  measure  pro- 
tected if  it  rises  freely  from  the  deep  foundations  and  is  separated  by 
a  trench  from  the  surface  layers  of  the  ground.  Where  no  particular 
difficulties  lie  in  the  way  of  providing  such  a  trench,  the  method  may 
doubtless  be  employed  to  great  advantage. 

Materials  of  Construction.  A  number  of  years  ago  the  Count 
de  Montessus  called  attention  to  the  adaptability  of  reinforced  con- 
crete to  the  construction  of  earthquake-proof  structures.  The  recent 
Jamaican  and  California  earthquakes  seem  to  have  indicated  the 
superiority  of  this  material  over  most  others  which  are  in  use.  The 
importance  of  this  fact  is  not  likely  to  be  over-estimated  in  view  of  the 
cheapness  of  the  materials  from  which  concrete  may  be  manufac- 
tured, and  the  occurrence  of  them  in  practically  all  countries.  A 
further  advantage  not  always  recognized  exists  in  the  fire-resisting 
qualities  of  reinforced  concrete ;  for  to  protect  buildings  eflfectively 
from  earthquakes  it  is  necessary  to  protect  them  from  the  fires  which 
so  generally  follow  destructive  shocks.  The  coefficients  of  ex- 
pansion by  heat  for  steel  and  cement  are  essentially  the  same,  so  that 
tested  in  a  fire  the  two  substances  expand  together.  For  this  reason 
the  cement  cover  is  not  cracked,  and  as  the  wrapping  is  a  poor  heat 
conductor,  the  steel  skeleton  is  neither  softened  nor  buckled. 
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For  high  office  buildings,  the  future  building  material  in  earth- 
quake districts  will  probably  be  steel-frame  cage  construction  with 
reinforced-concrete  curtain  walls ;  all  steel  members  encased  in  con- 
crete; the  floors  of  reinforced-concrete  slabs  supported  on  structural 
haunches.  The  shallower  types  of  foundations  should  consist  of 
concrete  footings  reinforced  with  steel  grillages.  The  deeper  types 
should  have  pile  foundations  with  concrete  and  steel  grillages  at  the 
tops  of  pile  clusters,  or  in  especially  treacherous  ground  special 
foundations  such  as  the  pneumatic  caisson  (Derleth). 

Brick  and  masonry,  as  has  often  been  pointed  out,  are  eminently 
unsuited  to  construction  in  earthquake  districts  (see  Figure  2).  Yet, 
as  it  is  hardly  to  be  expected  that  their  use  in  such  localities  will  be 
at  once  discontinued,  it  is  important  to  urge  that  brick  and  masonry 
buildings  be  constructed  with  a  view  to  resisting  the  less  violent 
shocks.  Walls  of  masonry  should  in  all  cases  be  bonded,  and 
cemented  with  a  mortar  containing  a  large  proportion  of  cement. 
Experiments  recently  carried  out  in  Japan  indicate  that  one  part  of 
cement  and  one  to  three  parts  of  sand  is  as  tenacious  as  pure  cement. 
Derleth  recommends  the.  use  of  cement  with  just  enough  lime  to  make 
it  workable — one  part  of  cement  to  four  or  five  of  lime  mortar. 
Mortar  should  never  be  applied  to  dry  brick. 

In  rural  districts  the  use  oi  wood,  bamboo,  or  thatch  are  all  per- 
missible in  the  construction  of  small  buildings ;  but  both  to  aiTord  a 
refuge  from  falling  chimneys  and  to  secure  protection  from  general 
fires,  the  buildings  should,  so  far  as  possible,  be  separated  by  dis-. 
tances  at  least  double  their  height. 

Two  Contrasted  Types  of  Earthquake-Proof  Structures. 
Nearly  a  score  of  years  ago  Professor  Milne  used  the  wicker  basket 
and  the  steel  box  to  illustrate  two  strongly  contrasted  types  of  earth- 
quake-proof structures.  The  box  of  steel  possesses  the  necessary 
strength  to  resist  sudden  shocks,  but  has  the  undesirable  property  of 
very  considerable  weight.  The  basket,  with  very  moderate  strength 
only,  is  light  and  hence  has  relatively  small  inertia  either  of  rest  or 
motion.  It  has  in  addition  the  structural  peculiarity  that  when  it 
yields  to  shock  there  are  aroused  within  itself  resistant  forces,  before 
passive,  which  up  to  a  certain  limit  are  augmented  in  amount  in  pro- 
portion as  the  demand  is  made  upon  them.  The  force  of  the  shock  is 
thus  met  and  balanced,  and  the  elasticity  of  the  material  largely  re- 
stores the  structure  to  its  former  condition.  In  this  respect  there  is 
an  analogy  with  the  recoil  mechanism  of  a  great  gun,  or,  to  come 
nearer  to  seismology,  with  the  damping  device  of  a  seismograph. 

The  American  practice  of  ''baggage  smashing,"  which  has  grown 
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up  as  a  natural  consequence  of  the  liberal  allowance  of  passenger's 
baggage  on  American  railways,  has  evolved  practical  illustrations  of 
structures  designed  to  resist  sudden  shocks.  On  the  one  hand  we  have 
the  wicker  and  leather  types  of  trunk  possessing  the  properties  of 
lightness  and  toughness,  and,  upon  the  other,  the  heavy  "Saratoga" 
and  "bureau"  trunks,  which,  strongly  bound  with  iron,  supply  strength 
in  proportion  to  their  heavy  weights. 

The  Moment  of  Inertia.  It  should  be  borne  in  mind  that  save 
only  where  there  is  a  large  differential  movement  (or  shear)  of  the 
ground  underneath  a  structure,  as  over  a  main  fault,  the  forces  which 
a  structure  must  be  designed  to  meet  are  those  only  which  are  a  direct 
consequence  of  its  own  inertia.  This  inertia  depends  upon  weight 
and  upon  the  distance  above  the  ground  at  which  it  is  concentrated. 

The  motion  which  is  most  effective  in  wrecking  a  building  is  one 
directed  horizontally,  and  whatever  the  direction  of  the  shocks,  it  is 
the  horizontal  component  of  the  motion  with  which  we  have  especially 
to  reckon.  When  the  ground  is  moved  sharply  to  one  side  beneath 
the  structure,  every  portion  of  the  building  by  virtue  of  its  inertia  of 
rest,  tends  to  move  in  the  opposite  direction.  Held  to  the  ground  by 
the  stiffness  of  the  structure  and  its  weight,  every  particle  in  it  must 
be  conceived  as  at  the  end  of  an  arm  which  is  pivoted  either  at  or 
below  the  surface  of  the  ground.  Each  particle,  therefore,  may  be 
conceived  to  be  an  inverted  pendulum,  and  the  structure  as  a  whole  to 
be  made  up  of  an  almost  infinite  number  of  such  pendulums.  The 
moment  of  inertia  of  the  structure  as  a  whole,  provided  its  stiffness 
and  rigidity  permit  it  to  move  as  a  unit,  can  be  obtained  by  a  process 
of  summation  of  the  moments  of  inertia  of  its  component  particles. 

Elastic  versus  Monolithic  Structures.  It  has  been  urged, 
perhaps  too  strongly  in  some  quarters,  that  buildings  be  permitted  to 
undergo  considerable  deformation  when  they  yield  in  response  to 
vibrational  shock.  For  light  bamboo  or  frame  structures  such  con- 
siderable deformation  is  no  doubt  desirable,  but  well  designed  and 
honest  structures  of  the  better  class  succumb  to  earthquake  shocks 
through  a  failure  of  their  joints  by  the  racking  motion  to  which  they 
are  subjected.  If  constructed  with  a  steel  frame,  the  bolts  or  rivets 
are  sheared  off,  especially  at  the  points  of  connection  of  tie  members. 
The  nearer  the  monolithic  condition  is  attained,  in  which  amplitude  of 
internal  strains  is  reduced  to  a  minimum,  the  less  will  this  racking 
become. 

A  comparison  of  the  behavior  of  steel  frames  in  a  casing  of  con- 
crete with  others  not  thus  protected,  when  tested  by  the  California 
earthquake,  should  afford  a  decisive  answer  to  the  question,  since  the 
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concrete   casing   stiffens   the   frame   and   largely   reduces   its   elastic 
property.    As  reported  by  Osborn : 

In  almost  every  instance  where  the  skeleton  steel  structure  stands 
practically  uninjured,  it  is  where  the  steel  was  covered  with  a  coating  or 
jacket  of  concrete,  and  where  the  building  was  provided  with  reinforced 
monolithic  concrete  floors  and  foundations.  At  the  same  time  there  were 
buildings  that  stood  beside  those  now  standing  that  were  also  constructed 
on  steel-skeleton  methods,  but  provided  with  floors  and  coverings  of  clay 
tile  and  brick;  materials  which  are  fire-proof  in  so  far  as  burning  is  con- 
cerned, and  yet  the  steel  skeleton  is  entirely  wrecked. 

Tall  Buildings  and  Their  Stability.  Modern  office  buildings 
of  the  ''sky-scraper"  type  were  first  tested  by  earthquake  at  San 
Francisco  April  i8,  1906.  Their  splendid  behavior,  when  well  de- 
signed and  constructed,  has  been  a  surprise  to  many  who  haye  perhaps 
assumed  that  they  would  be  unstable  in  direct  proportion  as  they  were 
lofty.  If  the  law  of  stability  which  holds  for  ordinary  low  buildings 
were  to  apply  without  change  to  those  of  great  height,  they  would  be 
exceedingly  unstable.  The  acceleration  of  motion  necessary  to  frac- 
ture a  building  regarded  as  though  it  were  a  square  monolith  or 
column,  is  directly  proportional  to  its  width  in  the  direction  of  the 
motion,  and  inversely  proportional  to  the  square  of  its  height.  The 
acceleration  necessary  to  overturn  the  building  also  depends  upon  its 
thickness  and  height  and  is  expressed  by  West's  formula : 

a=  — 

y 
where  g  is  the  acceleration  of  gravity  (32.08),  x  the  thickness  of  the 
building  in  the  direction  of  the  horizontal  component  of  the  motion, 
and  y  the  height  of  its  center  of  gravity  above  the  ground.  It  is  thus 
seen  that  a  tall  building  should  be  incapable  of  withstanding  strong 
earth  movements. 

The  laws  of  the  fracturing  and  overturning  of  columns,  as  above 
expressed,  apply  strictly  to  those  buildings  only  whose  dimensions  are 
not  so  very  much  greater  than  the  range  of  motion  of  the  ground. 
It  was  found  in  the  case  of  tall  buildings  in  San  Francisco  that  their 
tops  tended  to  remain  at  rest,  though  the  base  oscillated  with  the 
ground  during  the  earthquake.  In  the  top  stories  loose  objects  were 
less  disturbed  and  thrown  about  than  they  were  in  those  near  the 
basement.  This  is  probably  because  the  building  constituted  an  in- 
verted pendulum  of  such  long  arm  that  its  period  was  many  times 
slower  than  that  of  the  earth  particles  at  the  base.  The  earth  waves 
in  traveling  up  the  building  would,  on  this  account,  be  transformed 
into  others  of  longer  wave  length.      The  later  waves  would  thus 
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come  to  overtake  the  earlier  ones,  and  by  combining  with  them  vould 
destroy  a  large  part  of  their  mutual  energy.  The  wrecking  strains 
were  found  to  be  the  greatest  in  the  first  story  above  the  ground. 
Some  preparation  for  this  discovery  should  have  been  afforded  by 
the  knowledge  that  Japanese  temples  in  some  instances  five  stories 
in  height  have  so  long  withstood  the  Japanese  earthquakes. 

A  practical  illustration  of  the  transformation  of  waves  is  furnished 
by  a  ship  riding  at  anchor  in  the  sea  which  follows  a  storm.  Not  acted 
upon  to  any  large  extent  by  the  wind,  the  water  waves  which  reach 
the  vessel  are  transformed  into  others  of  longer  w^ave  length,  so  that 
the  ship  in  an  attempt  to  vibrate  with  the  period  which  is  natural  to  it, 
sends  out  waves  of  a  period  intermediate  between  its  own  and  that  of 
the  oncoming  waves.  There  is  need  of  careful  experimentation  to 
determine  the  exact  manner  of  transformation  of  earth  waves  in 
structures  which  simulate  high  buildings. 

Rectangular  versus  Triangular  Members  in  Frames.  It  has 
been  urged  by  some  that  to  secure  stability  in  a  structure  it  is  neces- 
sary to  give  it  the  property  of  yielding  under  shock.  To  quote  Pro- 
fessor Derleth : 

Earthquake  forces,  relatively  speaking,  are  unlimited  in  amount  where 

the  strength  of  human  structures  is  under  consideration The 

stiffer  a  structure  the  greater  will  be  the  induced  stress  produced  by 
earthquake  vibrations.  The  more  a  structure  is  capable  of  yielding,  like  a 
willow  tree  to  the  storm,  the  less  will  be  the  tendency  to  earthquake 
rupture  or  collapse. 

For  this  reason  he  has  advocated  the  use  of  rectangular  framing 
with  stiff  joints  in  the  place  of  triangular  framing  such  as  is  in  use  for 
wind  bracing.  A  framework  composed  of  rectangular  members  may 
undergo  a  change  of  form  without  change  in  the  length  of  its  mem- 
bers, whereas  a  frame  with  triangular  bracing  by  a  similar  distortion 
would  loose  its  integrity  because  triangles  cannot  change  the  size  of 
their  angles  without  a  corresponding  change  in  the  lengths  of  their 
sides.  If  this  view  is  to  be  accepted  it  is  necessary  to  lay  especial 
emphasis  upon  the  necessity  of  stiffening  the  joints,  since  otherwise 
the  structure  would  easily  collapse.    To  quote  Derleth  again : 

In  steel  buildings,  rectangular  framing  is  best  produced  by  substantial 
continuity  in  the  main  columns  and  by  bracing  these  columns  with  deep 
horizontal  spandrel  and  floor  girders;  or  by  more  shallow  spandrel  and 
floor  girders  strengthened  by  heavy  knee  braces. 

An  Earthquake's  Manner  of  Wrecking  a  Building.  Build- 
ings which  succumb  to  earthquakes  may  be  wrecked  by  any  one  of  a 
number  of  causes.     Where  their  frames  are  exceptionally  weak  the 
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building  may  collapse  through  a  well  distributed  horizontal  shear,  in 
every  way  analogous  to  the  displacements  of  a  pack  of  cards  dis- 
turbed by  a  jar  of  the  table.  Instead  of  being  well  distributed,  a 
rupture  through  a  shear  may  be  localized  at  the  junction  of  the  two 
stories  of  the  building,  either  because  the  studding  is  not  continuous 
past  the  joint,  or  because  it  has  there  been  weakened  from  mortising 
(see  Figure  4).  When  roof  beams  have  not  been  properly  tied  at  the 
bottom,  the  vertical  component  of  the  shock  results  in  a  sudden  settling 
of  the  roof  causing  it  to  spread  at  the  base  and  *'kick"  over  the  walls. 


^K^ 


FIG.    4.      BUILDING    WRECKED    AT    SAN    MATEO,    CALIFORNIA,    DURING    EARTHQUAKE   OF 

1906  (after  J.  c.  branner). 

When  floors  are  not  properly  anchored  to  the  walls  the  horizontal 
component  of  the  shock  causes  these  heavy  masses  to  be  thrown 
against  the  walls  like  battering  rams  so  that  the  building  is  wrecked 
in  parts  (see  Figures  5  and  6).  In  a  similar  way  heavy  roofs  when 
not  properly  anchored  to  the  walls  are  slid  over  them,  and  being  left 
without  support,  collapse.     (See  Figure  4.) 

If  a  building  is  so  thoroughly  braced  as  to  act  essentially  as  a  unit, 
the  force  of  the  shock  may  project  it  from  its  foundations.  In  the  case 
of  light  peasant's  houses  in  Japan,  it  has  been  a  common  practice  to 
reduce  the  strains  upon  the  building  by  facilitating  so  far  as  possible 
such  a  movement,  which  is  accomplished  by  supporting  the  structure 
upon  rounded  boulders. 
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Buildings  are  often  partially  wrecked  through  the  projection  of 
parts,  such  as  chimneys,  staircases,  and  cornices,  these  being  rela- 
tively heavy  and  vibrating  with  an  individual  period. 

General  Building  Rules.  To  be  earthquake-proof  a  building 
should  have  a  strong  frame,  well  braced  and  tied  together  by  a  suffi- 
cient number  of  partitions.  It  should  further  be  as  simple  as  possible 
in  plan,  since  wings  or  extensions  of  any  kind  tend  to  vibrate  with 
periods  different  from  the  main  mass.  The  roof  should  be  as  light  as 
practicable,  and  with  this  in  view  is  built  of  low  pitch  and  provided 
with  a  truss  in  which  the  basal  tie  members  are  made  especially 
strong.  Roof  and  floors  should  alike  be  firmly  anchored  to  the  v/alls 
and  extend  completely  through  or  over  them.  All  projecting  portions 
of  the  building  should  be  made  as  light  as  possible  and  anchored  to  the 
main  structure.     Staircases  being  liable  to  individual  motions  should 
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FIG.    5.       THE    MEMORIAL    ARCH    AT    STANFORD    UNIVERSITY    AFTER    THE    CALIFORNIA 
EARTHQUAKE   OF    I906.      THE  ARCH    HAS    LOST  ABOUT  A   FOURTH   OF   ITS 
HEIGHT.       (after  R.   L.    HUMPHREY.) 


944 


THE   ENGINEERING   MAGAZINE. 


IJ^^V'"'*"^"^ 


FIG.    6.      COLLAPSE   OF   THE   THIELE   BUILDING   DUE   TO   LACK    OF   PROPER   TIE  BETWEEN 

WALLS    AND   FLOORS.      CALIFORNIA    EARTHQUAKE    OF    I906. 

(after    R.    L.    HUMPHREY.) 

be  especially  braced  to  prevent  their  falling  and  crashing  through 
other  parts  of  the  structure.  Within  the  building,  chimneys  should  be 
bonded  and  laid  in  cement  mortar,  whereas  where  they  project  above 
the  roof  they  should  be  cemented  by  weak  lime  mortar,  since  in  any 
heavy  shock  they  are  sure  to  be  wrecked  and  will  cause  less  damage 
when  falling  in  parts  than  they  would  as  units.  If  of  small  dimen- 
sions the  building  should  be  made  as  low  as  practicable,  since  its  in- 
stability increases  with  -the  square  of  its  height.  Strong  verandahs,  if 
well  braced  and  firmly  joined  to  the  main  structure,  may  be  a  source 
of  strength,  since  they  act  as  light  buttresses  and  so  increase  the  ef- 
fective area  of  the  base  of  the  building.  Corners  of  buildings  are 
especially  apt  to  be  detached  and  thrown  down,  and  hence  may  be  ad- 
vantageously supported  by  buttresses  (see  Figure  5).  If  it  is  found 
necessary  to  make  use  of  stiff  metal  columns  in  the  structure  they 
should  be  made  hollow,  since  they  will  thus  support  as  much  weight 
and  be  more  stable.  Arch-work  is  seismically  unstable,  and  in  spite 
of  its  artistic  possibilities  should  as  far  as  possible  be  avoided.  Window 
spaces  reduce  the  stiffness  of  the  building  and  additional  bracing  must 
be  furnished  to  the  frame  in  proportion  to  their  number. 

Water  and  Sewer  Service.  The  history  of  destructive  earth- 
quakes has  a  monotony  in  its  mention  of  conflagrations  which  so 
generally  succeed  to  the  initial  damage  from  the  shocks.  In  rural  dis- 
tricts the  upsetting  of  stoves  and  chimneys,  and  in  modern  cities  the 
added  menace  from  electric  currents  in  fallen  wires,  make  it  of  the 
utmost  importance  that  every  precaution  be  taken  to  protect  the  com- 
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munity  from  this  danger.  The  really  great  losses  in  the  city  of  San 
Francisco  consequent  upon  the  earthquake  of  1906,  may  be  largely 
ascribed  to  the  rupture  of  the  water  mains  on  the  line  of  the  great 
fault  and  the  resulting  water  famine  in  the  city.  This  terrible  experi- 
ence teaches  that  the  different  reservoirs  which  supply  a  city  with 
water  should, .if  possible,  be  situated  in  different  directions,  so  that 
^11  will  not  be  likely  to  be  cut  off  from  the  city  by  movement  on  a 
single  fault : 

To  protect  the  water  supply  of  a  city  further,  Derleth  recommends 
that  where  important  water  mains  cross  known  fault  lines,  or  pass 
through  marshy  or  made  ground,  they  should  be  constructed  of  riv- 
eted wrought  iron  or  steel,  have  flexible  joints  at  intervals,  and  be 
lodged  in  tunnels  of  reinforced  concrete.  Some  of  the  danger  from 
conflagrations  may  be  averted  by  increasing  the  number  and  capacity 
of  the  distributing  reservoirs  within  the  city. 

For  sanitary  reasons  the  main  lines  of  sewers  should  be  protected 
by  flexible  joints  at  frequent  intervals  and  enclosed  in  tunnels  in  the 
same  manner  as  the  conduits  of  the  water  service. 

The  behavior  during  the  earthquake  of  the  huge  dams  at  the  sev- 
eral reservoirs  near  San  Francisco,  affords  ground  for  satisfaction  in 
view  of  the  importance  of  these  structures  in  conserving  the  water 
supplies  of  cities,  as  well  as  in  protecting  the  great  interoceanic  canals. 
Whether  of  concrete  or  of  earth,  if  skilfully  and  honestly  built,  they 
seem  to  be  capable  of  maintaining  their  integrity  during  a  reasonably 
heavy  earthquake.  The  San  Andreas  dam  was  directly  over  the  rift 
line  of  California,  on  which  large  movement  occurred  during  the  re- 
cent earthquake,  but  it  was  not  materially  damaged,  and  after  the 
shocks  held  back  the  water  as  well  as  ever. 

The  Destruction  of  Bridges.  During  a  heavy  earthquake  the 
banks  of  streams,  and  of  dry  valleys  as  well,  tend  to  approach  each 
other.  This  can  be  only  partly  a  result  of  the  lurching  of  the  soil  in 
the  direction  of  the  stream,  since  it  is  found  that  railway  tracks  are 
shortened  and  often  buckled  both  over  the  bridges  and  in  their  ap- 
proaches. The  effect  of  this  movement  upon  a  bridge  of  single  span 
may  be :    ( i )  a  tilting  back  of  the  abutments  upon  their  foundations  ; 

(2)  a  rupture  of  one  or  both  of  the  abutments,  generally  in  their  upper 
portions,  and  a  pushing  streamward  of  the  separated  under  portions ; 

(3)  a  sliding  of  one  end  of  the  girder  landward  over  its  abutment; 

(4)  a  more  or  less  complete  wrecking  of  the  girder  and  its  truss  either 
by  local  failure  or  by  buckling.  These  movements  all  indicate  a  reduc- 
tion of  the  distance  between  banks  and  constitute  the  normal  case. 
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Over  a  main  fault  line  other  movements  may  equal  or  exceed  in 
amount  those  more  commonly  observed. 

To  meet  the  principal  danger  to  the  girder  and  truss,  it  may  in 
most  cases  be  sufficient  merely  to  provide  a  longer  bridge  seat  with 
greater  range  of  motion  of  the  kind  provided  to  meet  temperature 
changes.  It  might  be  desirable  to  provide,  in  the  upper  portion  of 
abutments,  a  horizontal  plane  of  special  weakness,  so  that  under  earth- 
quake shocks  the  abutments  might  part  on  this  plane  and  relieve  the 
stress  upon  the  girder. 
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LABOR   COSTS   IN  THE  CENTRAL  STATION. 

By  Howard  S.  Knozvlton. 

In  this  article  Mr.  Knowlton  analyzes  the  working  results  of  nine  characteristic  plants, 
and  traces  the  influences  affecting  the  economy  of  central-station  operation,  by  the  testi- 
mony of  actual  figures. — The  Editors. 

IN  the  great  majority  of  steam-driven  central  stations  the  cost  of 
fuel  is  the  largest  element  of  generating  expense.  It  is  natural, 
therefore,  that  efforts  to  improve  the  economy  of  production 
should  be  directed  against  losses  primarily  due  to  the  operation  of  the 
main  and  auxiliary  equipment  between  the  coal  barge  or  car  and  the 
station  bus-bars,  and  that  separate  studies  of  other  elements  of  manu- 
facturing cost  should  often  assume  secondary  places  in  the  minds  of 
engineers  responsible  for  the  showing  of  plants  in  commercial  service. 
Experienced  managers  realize,  however,  that  while  it  is  an  excellent 
plan  to  pay  the  most  attention  to  the  items  of  station  expense  which 
lead  the  rest  in  magnitude,  the  combined  savings  sometimes  possible 
in  items  of  less  individual  importance  amount  in  the  long  run  to  more 
than  the  immediately  practicable  economies  in  the  largest  element  of 
running  expense.  Thus,  in  one  recently  visited  station,  a  saving  was 
made  in  the  cost  of  fuel  to  the  extent  of  about  $2,000  compared  with 
the  previous  year,  reducing  the  fuel  cost  per  kilowatt  hour  from  0.712 
cents  to  0.618  cents.  This  was  a  good  showing  in  view  of  the  fact 
that  the  output  in  the  second  year  was  170,000  kilowatt  hours  greater, 
and  the  economy  secured  was  largely  traceable  to  improved  equipment 
conditions.  An  interesting  saving  of  still  larger  significance  was 
made  in  the  maintenance  cost,  the  total  sum  saved  being  about  $8,500 
through  reductions  in  the  three  items  of  building,  steam  equipment, 
and  electrical  machinery  repairs.  The  unit  saving  in  maintenance 
was  about  0.26  cents  per  kilowatt  hour  generated,  showing  that  by 
paying  special  attention  to  the  smaller  factors  of  repair  cost,  the  ag- 
gregate saving  to  the  station  in  both  total  and  unit  cost  exceeded  the 
increased  economy  possible  in  that  year  through  improvements  in  the 
actual  fuel-using  and  energy-translating  steps  between  the  coal  pile 
and  the  switchboard. 

The  most  important  of  the  items  of  production  cost  in  a  modern 
central  station,  after  the  fuel  expense,  is  usually  the  labor  account  per 
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unit  of  output.  On  account  of  the  ])crsonal  equation  and  the  differ- 
ences in  plant  design  in  various  locaHties,  it  is  far  from  an  easy  mat- 
ter to  determine  what  is  a  fair  allowance  for  a  plant  payroll  until  the 
local  conditions  are  analyzed.  The  character  of  the  load  variations 
throughout  the  day,  the  design  of  apparatus  units  with  respect  to 
necessary  adjustments  and  oiling  in  operation,  the  possibilities  of 
supervision  from  a  central  point  in  the  engine  room,  the  compactness 
of  the  station,  its  symmetry  of  organization,  provisions  for  emergency 
service,  prevailing  scales  of  wages,  and  the  presence  or  absence  of 
automatic  equipment  in  the  boiler,  engine,  and  pump  divisions,  all 
have  an  important  bearing  on  the  advisable  personnel.  In  spite  of 
these  various  conditions,  however,  there  are  two  points  of  cardinal 
significance  in  the  work  of  obtaining  a  low  labor  cost  for  a  plant  of 
given  equipment  or  for  a  station  of  constantly  expanding  output.  The 
secret  of  economy  in  labor  in  a  plant  whose  equipment  is  temporarily 
established  at  a  definite  capacity  is  to  run  the  station  at  the  highest 
possible  output  consistent  with  the  giving  of  reliable  service. 

An  example  of  what  increase  in  output  will  do  is  afforded  by  a 
station  whose  total  kilowatt  hours  generated  and  delivered  at  the  bus- 
bars in  one  year  showed  930,000,  and  in  another  year  about  1,470,000. 
In  the  first  year  the  plant  was  operated  by  three  engineers  and  three 
firemen,  at  a  cost  of  0.56  cents  per  kilowatt  hour  for  station  wages. 
In  the  second  year  the  force  was  increased  33  1-3  per  cent  by  the  addi- 
tion of  another  engineer  and  another  fireman.  The  total  labor  cost 
was  $1,600  greater  in  the  second  year,  but  the  wages  cost  per  kilowatt 
hour  delivered  at  the  bus  fell  to  0.46  cents.  Experience  shows  that 
when  a  plant  is  underloaded  the  output  per  attendant  in  the  boiler  and 
engine  room  may  frequently  be  increased  by  a  large  percentage  with- 
out any  additional  expense  in  wages,  except  in  the  line  of  slightly  in- 
creased repairs  or  a  tendency  in  that  direction.  This  point  lies  near 
the  heart  of  the  economy  of  the  cultivation  of  a  day  load  by  central 
stations,  and  justifies  the  making  of  a  low  rate  in  many  instances  for 
off-peak  business,  so-called.  Fixed  charges  cannot  be  reduced  by 
shutting  down  apparatus,  except  in  the  case  of  depreciation ;  and  it  is 
problematical  how  far  it  payS'  to  let  a  macliine  stand  still  to  avoid  de- 
terioration, since  an  idle  unit  requires  frequent  care  to  prevent  a  cer- 
tain loss  of  condition,  and  thereby  entails  a  labor  expense  if  a  species 
of  decadence  is  to  be  escaped.  The  cost  of  producing  energy  at  times 
when  the  load  is  light  amounts  to  little  more  than  the  fuel  and  sup- 
plies required. 

The  second  point  of  economy  in  a  station  where  the  load  conditions 
are  changing  in  such  a  way  that  larger  units  may  be  substituted  for 
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a  number  of  smaller  machines,  is  found  in  the  decreased  labor  require- 
ments per  kilowatt  of  capacity  as  the  size  of  generating  sets  grows. 
The  quesiion  is  frequently  asked,  ''How  many  kilowatts  of  machinery 
can  one  man  handle,  or  what  is  the  point  at  which  the  capacity  of  the 
station  requires  additional  attendance?"  It  is  almost  impossible  to 
answer  either  of  these  queries  categorically,  on  account  of  the  differ- 
ences in  local  conditions  which  have  to  be  taken  into  consideration. 
The  actual  limit  of  machine  capacity  that  can  be  handled  by  one  man 
in  a  turbine  station,  for  instance,  does  not  seem  to  be  reached  as  yet. 
A  single  oiler  on  each  watch  holding  a  second-class  engineer's  license 
can  look  after  the  running  of  a  turbo-alternator  of  12,000  kilowatts 
continuous  capacity,  under  the  general  supervision  of  a  watch  engi- 
neer who  divides  his  time  between  all  the  units  that  may  be  in  service 
on  a  given  shift.  In  one  plant  equipped  with  several  units  of  the 
above  size,  one  oiler  looks  after  the  operation  of  each  unit  and  its 
auxiliaries,  making  a  complete  round  of  the  apparatus  every  fifteen 
minutes.  The  watch  engineer  has  charge  of  the  throttle  and  general 
oversight  of  the  handling  of  the  unit  on  its  steam  end.  It  is  probable 
that  a  much  larger  unit  would  require  no  additional  attendance.  .  In 
this  particular  case  the  station  design  is  favorable  to  the  lowest  labor 
cost,  by  virtue  of  the  fact  that  all  the  auxiliaries  are  located  in  the 
turbine  room,  each  unit  having  its  own  condenser,  circulating,  dry 
and  wet  vacuum  pumps.  On  its  electrical  side  the  operation  of  such 
a  plant  is  handled  by  one  man  per  watch,  who  is,  of  course,  subjected 
to  general  supervision,  but  whose  detailed  duties  confine  him  to  a 
remote-control  switchboard  where  all  the  units  in  the  station  are 
electrically  focussed.  Here  again  the  question  of  station  design  has 
an  important  bearing  on  the  number  of  men  actually  needed  to 
manipulate  the  equipment.  The  first  cost  of  the  remote-control 
installation  is  high,  but  it  cuts  the  switchboard  labor  to  the  lowest 
terms  of  quantity.  In  the  above  plant  the  labor  cost  per  kilowatt 
hours  manufactured  is  less  than  0.20  cents,  and  would  probably  run 
still  lower  if  the  equipment  did  not  include  six  reciprocating-engine 
units  originally  installed  to  handle  the  load,  with  a  hand-operated 
switchboard  in  the  older  section  of  the  station. 

In  the  table  opposite  some  labor  costs  and  details  are  presented 
for  a  number  of  central  stations  of  varied  capacity,  with  ensuing 
comments  upon  the  equipment  and  total  cost  of  production  for  the 
period  covered,  which  in  each  case  represents  a  year's  operation. 

Although  the  number  of  plants  tabulated  in  the  table  is  rather  too 
small  for  drawing  wide  conclusions  as  to  the  relation  between  capacity 
and  labor  cost,  it  is  evident  that,  in  general,  as  the  plant  decreases  in 
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size  the  operating  wages  per  unit  of  output  rise.  This  rise  is  undoubt- 
edly due  to  the  fact  that  the  smaller  stations  are  obliged  to  install 
generating  units  of  small  capacity,  in  order  to  secure  reasonable  load- 
ing on  machines  in  service  and  also  to  avoid  unreliability  and  too 
great  initial  cost  of  plant.  It  requires  a  larger  force  per  kilowatt  of 
machine  capacity  to  handle  a  station  equipped  with  a  number  of  small 
machines  than  to  operate  an  installation  composed  of  a  few  large  units. 
Here  has  been  a  source  of  improved  economy  as  the  older  moderate- 
capacity  central  stations  have  thrown  out  their  belted  and  line-shaft 
equipment,  substituting  a  few  machines  of  the  direct-connected  type 
for  a  multiplied  number  of  low-capacity  units  scattered  over  a  con- 
siderable station  area.  These  points  apply  to  many  industrial  power- 
plant  installations  as  well  as  to  central  stations.  Centralization  and 
compression  of  capacity  is  a  wise  policy. 

Table  of  Labor  Costs  in  Selected  Central  Stations. 

Appx.  K.  W.  Total  Station  K.  W.  H.  ^^^%  ^^^^  r°^!p^^^<r  '^c°^J- 

Plant        Rating               Wages         Manufd  ,1^1^  "^^^W^.^T.  Enip' oy'ees 

Cents.  Cents. 

A    6,000            $25,937            8,776,165  .296  $1.21  22 

B    5,000             20,920            6,043,204  .346  1.23  20 

C    4,000              19429            5,400,192  .36  1.24  28 

D    2,000               9,954           3,288,623  .302  1.42  II 

E    2,000               9,663           4,305,003  .224  1.27  13 

F    1,250               6,844            1,470,066  .465  1.56  8 

G    950               8,771            1,479,898  .595  2.05  7 

H    700               6,669              889,760  .750  2.34  8 

I   630               5,017              730,458  .685  1.80  6 

Further  light  may  be  thrown  upon  the  labor  requirements  of  the 
foregoing  plants  by  a  brief  resmne  of  the  equipment  and  number  of 
attendants  needed  in  the  operation  of  each  station.  Plant  A  was 
operated  with  6  engineers,  8  firemen,  and  8  engine-room  and  switch- 
board attendants,  in  the  total  24-hour  day.  The  generating  equip- 
ment consisted  of  six  125  horse-power,  two  350  horse-power,  and 
four  400  horse-power  boilers;  one  1,000  horse-power  and  three  900 
horse-power  engines,  horizontal  compound  condensing  type ;  and  two 
1,500-kilowatt  steam  turbines  of  the  vertical  type.  There  were  fifteen 
generators  in  the  station,  a  considerable  number  of  them  being  belt- 
driven.  The  station  design  at  the  time  the  figures  were  taken  was 
clearly  unfavorable  to  economy  of  labor,  but  the  large  volume  of 
plant  output  saved  the  day  for  the  wages  cost  per  kilowatt  hour 
generated. 

Plant  B  is  a  well-designed  modern  btation  with  direct-connected 
machinery  of  economical  type.  It  had  six  400  horse-power  boilers; 
one  3,000  horse-power,  one  2,250  horse-power,  and  two  750  hoise- 
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power  engines,  all  of  the  vertical  cross-compound  condensing  type, 
built  for  first-class  economical  service.  The  attendance  consisted  of 
a  total  of  4  engineers,  3  oilers,  i  wiper,  4  switchboard  men,  6  firemen 
and  2  coal  passers.  The  indications  are  that  this  plant  is  somewhat 
over-manned. 

Plant  C  is  a  station  in  process  of  evolution  from  the  belt-connected 
to  the  direct-coupled  stage,  with  the  transformation  largely  accom- 
plished. The  fire-room  equipment  consisted  of  twelve  250  horse-power 
boilers,  hand-fired,  and  in  the  engine  room  were  one  1,500-kilowatt 
vertical  turbo-alternator,  one  300  horse-power,  one  600  horse-power, 
one  1,200  horse-power,  and  one  1,800  horse-power,  cross-compound 
horizontal  condensing  engines.  The  total  number  of  electric  gen- 
erators was  eleven,  four  being  used,  however,  temporarily,  for  arc 
service.  The  station  force  consisted  of  a  total  of  4  engineers,  5 
firemen,  16  engine  room  and  electrical  operating  men,  and  3 
machinists.  The  size  of  this  force  is  undoubtedly  due  to  the  design 
of  the  station,  which  is  such  that  the  plant  covers  a  large  floor  space 
and  is  also  electrically  subdivided  so  that  not  all  the  switchboard 
apparatus  can  be  covered  from  any  one  point. 

Plant  D  is  a  station  of  almost  the  same  design  as  plant  B,  but  of 
much  smaller  capacity.  The  labor  requirements  have  been  very  care- 
fully worked  out  in  this  station,  and  the  results  show  it.  The  oper- 
ating force  consisted  of  4  engineers,  3  oilers,  3  firemen,  and  i  helper. 
The  plant  had  five  boilers  of  258  horse-power  each,  and  the  following 
generating  units,  all  direct  connected;  one  600  horse-power  engine, 
one  900  horse-power  engine,  and  one  1,500  horse-power  engine,  all 
vertical  cross-compound  condensing  units.  The  switchboard  is  a 
compact  hand-operated  structure  centrally  located  on  the  floor  of  the 
engine  room.     The  boilers  are  hand-fired. 

Plant  E  is  a  central  station  whose  principal  load  is  furnished  by 
an  adjacent  street-railway  system.  There  were  3  engineers,  3  firemen, 
2  coal  passers  and  5  helpers.  The  boilers  were  one  125  horse-power, 
and  nine  150  horse-power  units,  and  the  engine  sizes,  were  two  400 
horse-power  simple  engines,  and  one  100  horse-power,  one  1,250 
horse-power,  one  200  horse-power,  and  one  800  horse-power  com- 
pound condensing  units.  There  were  fifteen  generators.  The  large 
output  of  the  plant  in  relation  to  its  capacity,  combined  with  a  com- 
paratively small  station  force,  brought  the  cost  of  station  labor  down 
to  an  excellent  figure  for  a  plant  of  2,000  kilowatt  rating. 

Plant  F  had  four  boilers  aggregating  1,000  horse-power  and 
three  horizontal  cross-compound  condensing  direct-connected  engines 
rated  respectively  at  240,  450  and  1,000  horse-power.    Four  engineers 
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and  four  firemen  operated  the  station.  The  conditions  were  favor- 
able to  economy  of  labor,  but  the  plant  was  handicapped  by  a  small 
yearly  output,  being  located  in  a  suburban  town  where  there  was 
little  opportunity  to  develop  a  substantial  motor  load. 

Station  G  was  an  installation  of  combined  engine  and  steam- 
turbine  equipment,  well  maintained,  but  composed  of  moderate  sized 
units  of  both  belted  and  direct-connected  type.  Four  boilers  of  678 
total  rated  horse-power  supplied  the  steam  in  this  station  to  two 
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horizontal  cross-compound  condensing  engines  of  175  and  350  horse- 
power and  a  500-kilowatt  vertical  steam  turbo-alternator.  The 
operating  force  consisted  of  3  engineers,  2  firemen,  and  2  electrical 
attendants.  Scattering  of  the  station  capacity  and  the  handicaps  of 
moderate  output  were  the  chief  factors  in  raising  the  unit  labor  cost. 

Station  H  was  another  small  installation  composed  of  three  hori- 
zontal cross-compound  condensing  engines  rated  at  250  horse-power 
each  and  a  211  horse-power  simple  engine.  There  were  four  boilers 
aggregating  600  horse  power  in  capacity.  The  station  was  operated 
by  3  engineers,  2  oilers  and  3  firemen.  The  total  yearly  output  was 
too  small  to  enable  much  economy  of  labor  to  be  enjoyed. 

Plant  I  was  equipped  with  three  engines  and  six  generators,  with 
a  liberal  proportion  of  belted  units.  There  were  three  boilers  aggre- 
gating 550  horse-power.  All  the  engines  were  of  the  cross-compound 
condensing  type,  two  being  rated  at  250  horse-power,  and  one  at 
125  horse-power.  Three  engineers  and  three  firemen  operated  the 
machinery.  High  unit  cost  was  again  due  to  the  small  load  the  year 
through. 

The  curve  on  the  preceding  page  shows  the  approximate  relation 
between  station  capacity  and  the  cost  of  wages  at  the  plant  per  kilo- 
watt hour  as  experienced.  Plants  D  and  E  are  doing  much  better  than 
the  average  and  indicate  what  may  be  accomplished  with  even  a  me- 
dium capacity  installation.  In  conclusion,  a  table  is  shown,  giving  the 
approximate  kilowatt  per  station  employee  and  the  station  wages  per 
kilowatt  capacity  for  the  year.  In  general  it  appears  that  the  larger 
the  plant,  the  better  the  opportunity  for  obtaining  a  low  labor  cost 
and  increased  capacity  per  attendant. 

Table  of  Plant  Capacity  and  Labor  Cost. 

Approx.  K.  W.  per  Station  Wages  per 

Pl^^t                                  Station  Employee  K.  W.  Station  Capacity 

A     272  $4.31 

BB     250  4.18 

C    136  5-10 

DD    182  4.97 

E    154  483 

F    157  5-45 

G    136  9.25 

H    87.5  9-52 

I    105  7.95 

About  three  times  the  above  listed  kilowatt  capacity  per  station 

employee  is  handled  on  each  actual  watch,  assuming  three  shifts  per 

day. 


GRAPHICAL   HELPS   FOR  APPORTIONING  TIME   IN 
CONSTRUCTIVE   OPERATIONS. 

By  Herbert  F.  Sthnpson. 

Mr.  Stimpson's  contribution  is  an  earnest  and  well  supported  argument  of  the  neces- 
sity (not  merely  the  utility)  of  using  methods  for  apportioning  time  closely  similar  to  those 
used  in  apportioning  material.  His  suggestion  deserves  the  thoughtful  attention  of  all 
students   of  production  costs,   and   especially  of  the  reduction   of  costs. — The   Editors, 

IN  considering  any  line  of  human  endeavor,  the  attention  of  the 
analyst  is  often  arrested  by  curious  and  hitherto  unrealized 
defects  in  the  methods  which  are  employed  in  the  accom- 
plishment of  the  desired  ends.  The  work  of  discovering  and 
remedying  these  defects  in  constructive  operations  of  all  descrip- 
tions is  one  of  the  most  interesting  duties  of  the  industrial  engi- 
neer, and  the  defect  which  is  the  subject  of  this  article  is  the 
illogical  difference  between  the  graphical  helps  in  the  shape  of 
recorded  thought  given  to  men  to  assist  them  in  the  apportion- 
ment of  material,  and  those  given  for  a  similar  purpose  as  regards 
the  apportionment  of  time. 

I  desire  to  state  most  clearly,  at  this  point,  that  in  the  light  of 
many  years'  experience  I  am  convinced  that  this  defect  is  common 
to  nearly  all  constructive  operations.  I  shall,  therefore,  discuss 
this  defect  entirely  as  regards  its  general  character  and  not  as 
regards  the  specific  details,  which  must  necessarily  vary  with  the 
particular  work  in  question. 

In  investigating  this  phase  of  constructive  work  we  shall  find 
that  it  is  considered  quite  a  matter  of  course  that  expert  designers 
(to  use  a  very  comprehensive  term),  draughtsmen,  and  other 
assistants  should  be  employed  to  prepare  variously  named  assem- 
bled drawings,  detail  drawings,  memoranda,  and  lists  which  are 
intended  to  indicate  with  great  exactitude,  first,  the  original  con- 
dition of  the  (relatively)  raw  material,  and  finally,  the  exact  shape 
and  size  into  which  it  is  to  be  converted.  The  expense  of  this 
work,  which  is  often  great,  is  considered  to  be  entirely  justified  by 
the  resulting  economy  in  the  use  of  material,  to  say  nothing  of 
the  unavoidable  necessity  of  constructing  an  article  on  paper  prior 
to  attempting  to  do  so  with  other  material  even  for  the  purpose 
of  a  model. 
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But  how  about  similar  conveniences  when  it  comes  to  deaUng 
with  the  irreplaceable  element  of  time?  The  situation  may  be 
ludicrously  illustrated  by  comparing  it  to  an  attempt  to  clothe  a 
man  having  two  legs  with' trousers  from  which  one  leg  is  missing. 
One  leg,  material,  is  taken  care  of  by  the  designers  and  draughts- 
men and  gets  along  nicely;  but  how  about  the  other  leg,  time? 
This  is  destitute  of  protection  and  suffers  accordingly.  The 
situation  is,  however,  far  too  serious  for  joking,  as  those  who  have 
analyzed  the  matter  know  beyond  all  doubt. 

But,  it  will  be  said,  have  we  not  cost  accountants  and  time- 
recording  systems  without  end,  and  do  not  some  of  these  remedy 
the  evil  if,  indeed,  it  exists?  I  have  no  hesitation  in  saying  that 
in  all  except  a  very  few  cases  they  do  not  even  touch  it,  because 
they  work  on  a  basis  of  retrospection  instead  of  prospection. 

In  regard  to  material  the  conditions  of  the  problem  arbitrarily 
determine,  in  advance,  certain  principal  distances,  centres,  etc. ; 
from  these  certain  subordinate  points  are  logically  determined, 
and  around  both  of  the  above  the  detailed  parts  of  suitable  shapes 
and  dimensions  are  assembled ;  first,  it  may  be,  into  groups,  and 
finally  into  the  perfect  whole.  The  method  of  procedure  here  is, 
obviously,  from  a  knowledg'i  of  an  entirety,  by  logical  processes, 
to  a  knowledge  of  details. 

In  regard  to  time  we  must  work  in  the  other  direction,  on 
account  of  the  difference  in  the  conditions  which  exist  at  the 
commencement  of  our  work.  In  this  case  we  do  not  know  the 
limits  of  the  entirety.  These  must  be  determined,  by  logical 
processes,  from  a  study  of  details. 

In  apportioning  the  amount  of  material  for  each  detail  great 
care  is  taken,  in  advance,  to  determine  just  how  small  an  amount 
will  safely  and  certainly  satisfy  the  demands  which  are  to  be 
made  upon  it.  But  why  should  not  the  time  for  performing  each 
operation  on  these  details  also  be  determined,  in  advance,  and 
with  equal  care? 

In  purchasing  the  raw  material  great  care  is  taken,  in  advance,  to 
purchase  only  just  such  quantities  and  individual  pieces  as  will  allow 
of  conversion  into  detail  with  the  least  waste.  Why  should  not  the 
quantity  of  productive  time  represented  by  different  types  of  men, 
machinery,  or  apparatus  also  be  determined,  in  advance,  and  with 
equal  care? 

As  regards  material  great  care  is  used  in  determining,  in  advance, 
the  necessary  clearances  between  parts,  either  because  some  of  them 
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are  movable  or  to  facilitate  construction,  and  so  as  to  allow  just  enough 
and  no  more.  Why  should  not  the  clearances  between  the  successive 
different  operations  on  the  same  piece  of  material,  and  also  between 
successive  similar  operations  on  similar  parts  of  different  contracts  or 
orders,  be  determined  in  advance,  and  with  equal  care? 

It  is  just  as  possible  and  as  vitally  necessary,  to  draw,  to  represent 
with  lines,  to  make  a  graphic  record,  of  the  results  of  the  observation, 
thought,  and  calculation  whereby  the  time  which  should  be,  not  the 
time  which  is,  consumed  in  the  performance  of  each  individual  opera- 
tion is  determined,  as  to  draw  the  part  itself.  It  is  equally  possible 
and  as  vitally  necessary  to  draw  the  time  which  should  be  required  to 
produce  each  subordinate  group,  and  also  the  entire  object  which  is 
to  be  constructed ;  and  not  only  that,  but  the  relations  between  the 
times  required  for  the  production  of  all,  if  more  than  one  are  being 
simultaneously  constructed. 

In  the  case  of  material,  also,  the  various  processes  by  which  draw- 
ings can  be  easily  and  accurately  reproduced  make  it  possible  for  large 
numbers  of  persons,  though  widely  separated,  who  are  variously  in- 
terested in  the  work,  to  co-operate  understandingly  to  the  common  end. 
Can  one  possibly  imagine  such  people,  even  with  duplicate  copies  of  a 
reasonably  clear  description  of  the  work  to  be  done,  accomplishing 
their  work  successfully  or  at  all  without  drawings — those  wonderful 
representations  of  something  which,  when  the  drawings  are  made,  is 
often  entirely  non-existent?  Yet,  when  it  comes  to  securing  co-opera- 
tion in  matters  of  productive  time,  is  not  that  just  what  employers  are 
asking  each  other  and  the  men  under  them  to  do? 

Is  it  any  wonder  that  men  are  blindly  switched  from  one  thing  to 
another,  thus  wasting  effort  and  time ;  that  some  apparatus  or  ma- 
chinery is  largely  idle  while  others  are  continually  overloaded ;  that  it 
is  the  same  in  the  case  of  men;  that  shipments  of  material  and  mer- 
chandise and  the  performance  of  large  operations  in  the  field  are  often 
greatly  delayed  with  corresponding  loss,  and  that  executives  of  all 
grades  are  seriously  overworked  in  trying  to  keep  promises  that,  after 
all,  are  simply  founded  on  guess  work?  Is  it  not,  rather,  the  wonder 
that  we  accomplish  as  much  as  we  do? 

But  would  it  not  be  infinitely  more  satisfactory  all  around  if  time 
were  handled  as  certainly  and  surely  as  material,  which  is  entirely 
possible  ? 

And  yet — and  yet — though  it  would  seem  as  if  they  must  see  that 
something  is  wrong,  or  at  least,  incomplete,  do  the  men  who  suffer 
most  from  this  incompleteness  eagerly  embrace  an  opportunity  to 
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progress  when  it  is  offered  them  ?  No !  It  is  with  the  greatest  diffi- 
culty that  they  can  be  got  to  listen,  even  in  the  most  half-hearted  way, 
to  a  statement  of  the  facts ;  they  reluctantly  assent  to  an  extremely 
limited  demonstration  in  connection  with  their  own  work,  and  they 
angrily  repudiate  the  statements  of  the  leaks  which  are  found.  Would 
a  sea-captain  do  the  like  to  one  bringing  him  news  of  a  leak  in  his 
ship  ? 

The  first  step  towards  the  scientific  apportionment  of  time  is  the 
determination 

a.  by  men  who  are  specialists  in  the  art; 

h.  using  scientific  methods; 

c.  with  scientific  accuracy 
of  standard  times  for  the  performance  of  each  individual  operation, 
whether  it  is  shoveling  dirt,   laying  bricks,   driving  rivets,   turning 
shafts,  or  what  not. 

Around  this  work  is  centered  the  tremendously  important  other 
work  of  maintaining  these  standards  in  actual  practice.  So  far  as 
the  employees  are  concerned,  their  failure  to  maintain  the  standards, 
about  25  per  cent  of  the  whole,  results  from  two  things ;  ignorance  of 
ideal  methods  of  working,  and  failure  to  put  forth  proper  effort  from 
lack  of  proper  incentives.  So  far  as  the  employer  is  concerned,  his 
failure  to  maintain  standards,  about  75  per  cent  of  the  whole,  is  due 
to  non-appreciation  of  the  waste  of  the  present  methods ;  hence,  and 
perhaps  not  altogether  unreasonable,  his  reluctance  to  incur  the  ex- 
pense of  new  methods,  be  the  cost  of  doing  so  ever  so  slight  in  com- 
parison with  what  would  be  saved. 

The  profits  that  have  already  been  derived  from  the  determination 
and  maintenance  of  these  standards  are  almost  beyond  belief,  yet  they 
are  facts  and  they  are  derived  from  what  is,  after  all,  simply  a  closing 
up  of  the  gaps  in  the  operative  time  of  men  and  apparatus,  so  far  as 
the  minute  subdivisions  of  individual  operations  are  concerned. 

Why,  therefore,  should  not  an  effort  be  made  to  close  up  the  gaps 
between  the  operations?  It  is  true  that  methods  have  been  devised 
whereby  operations,  noted  on  cards  bearing  the  names  of  individual 
workers  or  squads,  can  be  distributed  in  advance  on  convenient  racks 
or  boards  thus  planning  the  work  somewhat  in  advance.  But  this 
method,  it  seems  to  me,  does  not  fulfill  all  the  requiremenst  in  the 
case.  We  wish  to  know  not  only  the  time  that  will  be  necessary  for 
the  completion  of  the  operation  and  of  the  entire  work,  but  also  the 
sequence  in  which  each  part  and  group  must  be  begun  in  order  that 
they  may  combine  at  the  proper  times  and  in  the  proper  sequence,  so 
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that  the  whole  work  may  be  finished  at  the  time  which  is  desirable 
or  has  been  agreed  upon. 

We  also  wish  to  be  sure  that  when  filling  more  than  one  order  or 
contract  simultaneously  we  are  not  counting  upon  the  use  of  any 
money,  man,  machine,  apparatus,  transportation  facility,  etc..  for  more 
than  one  item,  or  its  capacity,  at  any  one  time. 

That  two  trains  cannot  pass  each  other  upon  the  same  track  with- 
out dire  disaster  is  well  realized,  but  much  less  so  that  a  similar  at- 
tempt in  constructive  operations  will  bring  about  similar  results.  Yet 
one  cannot  pay  two  bills  of  ten  dollars  at  the  same  time  with  one  ten- 
dollar  note ;  a  mason  cannot  lay  bricks  on  two  walls  at  once ;  a  lathe 
will  not  simultaneously  turn  two  shafts,  or  a  horse  draw  two  loads  in 
different  directions ;  yet  that  is  what,  so  to  speak,  is  being  attempted 
more  or  less,  every  day,  for  lack  of  the  helps  of  which  I  speak. 

It  may  be  said,  what  I  well  know,  that  it  is  extremely  difficult  to 
carry  out  a  predetemined  program  for  any  considerable  length  of  time, 
but  this,  in  many  cases,  is  simply  an  excuse  for  inaction.  What  navi- 
gator when  caught  in  a  storm,  wath  sun  and  stars  obscured,  would 
fail  to  keep  as  careful  a  record  on  his  chart  as  possible,  even  if  only 
by  dead  reckoning,  though  he  would  not  fail  to  take  advantage  of  the 
first  clear  sky  to  get  an  observation  whereby  he  might  correctly  deter- 
mine his  position?  The  best  of  methods  will  fail  at  times,  not  be- 
cause the  method  is  wrong  but  because  its  provisions  are  not  carried 
out.  If  the  performance  fails  to  keep  up  with  the  chart,  the  chart  en- 
ables us  to  measure  our  error,  if  we  have  the  courage,  to  know  the 
truth  and  to  readjust  our  plans  accordingly. 

When  a  client  complained  of  the  difficulty  of  readjusting  the  chart 
he  was  asked  if  he  realized  that  the  chart  was  only  the  representation 
of  the  things  that  he  could  not  escape  readjusting,  and  that  by  getting 
a  comprehensive  view  oi  them  on  the  chart  the  work  was  made  far 
easier. 

The  determination  of  standard  times  is  an  accomplished  fact  upon 
which  to  build  in  determining  the  apportionment  of  time  in  advance 
and  in  properly  recording  it  for  the  guidance  and  benefit  of  those  who 
may  be  concerned ;  and  the  profits  from  this,  in  accordance  with 
Emerson's  Theory  of  the  Dependent  Sequence,  will  be  correspond- 
ingly great,  as  the  whole  is  always  greater  than  any  part. 

It  will  take  trained  men  to  devise  the  methods  for  the  individual 
case;  it  will  take  time  to  do  this  and  more  to  put  it  into  effect;  for  it 
will  effect  every  function  of  a  business  and  it  will  cost  money ;  but  in 
spite  of  all  this  it  will  pay. 


MODERN  CYANIDING  PRACTICE  AND  MACHINERY. 

By  Arthur  Sclmyn-Brown. 

The  practice  and  processes  described  by  Mr.  Selwyn-Brown  have  resulted  not  only  in 
the  profitable  working  of  ores  of  too  low  grade  to  be  treated  by  the  older  methods,  but 
also  in  the  recovery  of  large  values  formerly  thrown  away  in  tailings.  They  are  im- 
portant factors  in  the  enormous  increase  in  gold  production  which  is  causing  marked 
changes   in    economic   tendencies   and   conditions    at   the   present    time. — The    Editors. 

THE  solubility  of  gold  and  silver  in  cyanide  solutions  was  known 
to  chemists  more  than  a  century  ago.  No  satisfactory  at- 
tempts to  treat  gold  or  silver  ores  by  means  of  cyanide  solu- 
tions on  a  commercial  scale,  however,  were  made  until  1885,  when 
Messrs.  MacArthur  and  Forrest,  of  Glasgow,  Scotland,  began  to 
experiment  with  cyanide  solutions.  Their  early  work  was  not  very 
successful,  but  in  1887  they  found  that  low-grade  gold  ores  that  were 
finely  pulverized  and  contained  gold  in  a  free  condition  could  be 
profitably  treated  by  weak  solutions  of  cyanide  of  potassium.  They 
patented  their  discovery  in  October,  1887.  A  company  was  then 
formed  in  Scotland  to  exploit  the  patent,  and  metallurgists  were  sent 
to  Australia,  New  Zealand,  the  United  States,  Mexico,  South  Africa, 
and  elsewhere  to  secure  options  to  purchase  the  large  heaps  of  aurif- 
erous tailings  and  sands  lying  around  the  principal  gold  mills,  and 
to  endeavour  to  induce  millmen  to  adopt  the  process  on  a  royalty 
basis. 

These  pioneers  of  the  process  met  with  little  success.  Only  the 
South  African  expeditions  appeared  tO'  offer  hope.  The  company's 
representative  at  Johannesburg  was  Mr.  Alfred  James,  who  has  since 
become  one  of  the  leading  authorities  on  cyaniding  practice.  Mr. 
James  succeeded  in  securing  from  the  engineers  of  Wernher,  Beit  & 
Co.,  at  Johannesburg,  an  option  over  a  block  of  10,000  tons  of  tailings 
from  the  Robinson  mines.  In  1890,  a  small  cyanide  plant  was  built 
near  the  tailings  dump  to  treat  the  gold-bearing  sand.  It  was  a  suc- 
cess from  the  start.  A  sum  of  $15,000  had  been  expended  in  the 
plant  and  initial  experiments,  and  the  returns  from  the  first  clean-up 
onward  gave  a  profit  at  the  rate  of  $10,000  per  month.  The  result 
of  this  extraordinary  success  was  that  Wernher,  Beit  &  Co.  adopted 
the  process  for  the  treatment  of  the  tailings  of  all  their  mines,  and 
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the  leading  operators  on  the  field  erected  plants  as  quickly  as  it  was 
possible  to  do  so.  Since  those  early  days  the  Rand  has  developed, 
largely  by  means  of  the  cyanide  process,  so  as  to  become  the  world's 
leading  producer  of  gold.  During  the  past  four  years  the  Transvaal 
mines  have  produced  over  $513,750,000  worth.  Gold  to  the  value  of 
$976,000,000  has  been  mined  on  the  Transvaal  since  the  first  monthly 
clean-up  of  the  Robinson  cyanide  plant  in  1890.  The  annual  yield 
since  1902  is  given  in  Table  I. 

Table  I.    Transvaal  Gold  Production^  1902-8. 

Tons  of  ore  Value  of 
Year.                                              milled.  gold. 

1902 3,416,813  $36,268,325 

1903 6,105,016  62,946,240 

1904 8,058,295  80,274,045 

1905 11,160,422  104,010,370 

1906 13,571,554  122,899,935 

1907 15,523,229  137,018,690 

1908 18,000,000  149,850,000 

In  addition  to  the  large  tonnage  of  ore  treated  annually  by  the 
cyanide  process  in  South  Africa,  an  immense  tonnage  of  both  gold 
and  silver  ores  is  treated  on  the  leading  mining  fields  of  the  world. 
No  improvements  in  the  metallurgy  of  gold  and  silver  made  in  recent 
years  are  comparable  in  importance  with  the  cyanide  process.  That 
process  is  in  a  very  large  measure  responsible  for  the  great  increases 
in  the  annual  gold  and  silver  yields  of  the  world's  mines  which  have 
been  witnessed  during  the  past  twenty  years. 

Notwithstanding  the  widespread  development  the  cyanide  process 
has  undergone  since  its  successful  debut  at  the  Robinson  mines,  the 
chemistry  of  the  process  has  undergone  little  change.  The  Robinson 
plant  consisted  of  a  circular  wooden  solution  tank,  containing  a  0.25 
per  cent  solution  of  potassium  cyanide,  which  was  connected  by 
piping  with  a  wooden  percolation  tank,  into  which  the  tailings  were 
dumped  for  treatment,  and  a  sump  tank,  where  the  auriferous  solu- 
tions were  stored  before  being  treated  in  the  zinc  precipitation  boxes. 

The  cyanide  practice  at  the  most  modern  mill  on  the  Transvaal  or 
Nevada  goldfields  does  not  differ  in  principle  from  that  of  the  early 
Robinson  plant  treatment.  Weaker  cyanide  solutions  are  now  used, 
and  in  a  few  instances,  other  chemicals  are  added  to  the  cyanide 
solution  to  counteract  the  bad  effects  of  harmful  minerals  dissolved 
with  the  gold  from  the  ores  by  the  cyanide  solution.  But  while  the 
chemistry  of  the  process  lias  not  changed,  the  detailed  treatment  has 
been  revolutionized  during  the  past  few  years.  Wonderful  improve- 
ments have  been  made  in  the  mechanical  appliances  used  in  cyaniding. 
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Cyanide  vats  arc  now  constructed  on  a  large  scale  of  steel  anrl 
concrete,  in  place  of  the  small  wooden  tanks  used  in  former  years. 
They  are  elaborately  furnished  with  automatic  machinery  and  appli- 
ances for  charging  and  discharging  the  tailings,  and  for  handling  the 
various  solutions.  These  developments  have  resulted  in  reducing  the 
time  occupied  in  getting  the  gold  into  solution  to  a  mininuim,  and, 
consequently,  in  lowering  treatment  costs  to  very  moderate  figures. 


HARDINGE    CONICAL    MILL    INSTALLED    AT    THE    COBALT    CENTRAL    CONCENTRATOR. 

The    Hardinge    Conical    Mill    Co. 

Fine  Grinding. 
It  is  essential  for  rapid  treatment  that  the  cyanide  solution  be 
brought  into  direct  contact  with  the  gold.  This  can  only  be  done  by 
crushing  the  auriferous  material  as  finely  as  possible.  This  was  for- 
merly done  in  stamper  batteries  and  grinding  pans.  The  coarse  gold 
was  extracted  by  amalgamation  on  copper  tables,  and  by  re-grinding 
the  sands  in  fine  crushing  pans.  Fine  grinding  is  today  done  in  a 
variety  of  mills  of  large  capacity.  Huntington,  Bryan,  and  Hardinge 
mills  are  extensively  used  for  that  purpose.  They  are  steel  mills  that 
have  been  developed  from  the  early  appliances  of  Spanish  miners. 
Thy  are  so  well-known  that  it  is  unnecessary  to  do  more  than  men- 
tion them  here.     The  latest  type  of  Hardinge  mill  is  shown  above. 
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Ball  mills, 
which  have  been 
largely  employed 
in  chemical 
works,  are  used 
in  some  mining 
districts  for  finely 
grinding  ores. 
The  Krupp  type 
of  mill  sometimes 
gives  satisfactory 
results.  Ball  mills 
have,  however, 
not  been  found 
suitable  for  heavy 
work  in  many 
cyanide  mills. 

Lately  the  old 
Chilean  mill  has 
been  improved  so 
as  to  do  work 
that  challenges 
comparison  with 
other  types  of 
modern  fine  ore  crushers.  In  some  recent  tests  of  Chilean  mills,  work- 
ing against  stamper  batteries  and  tube  mills  on  quartz  from  mines  at 
Pachuca,  Mexico,  the  Chilean  mills  showed  up  well.'''  The  main  re- 
sults of  the  tests  are  summarized  in  Table  11. 

Table  II.   Comparison  of  Chilean  Mills  with  Stamps  and  Tube  Mills. 


THE    MAXECON    MILL. 

Operates   on  principle  of  a  free  vertical   concave   ring,   yieldingly 

supported    on    three    rolls    pressing    against    its    inner 

face   and    having    free    movement-  relative 

to   each   other.      Kent   MiH   Co. 


5  Chilean  mills. 

Capacity  to  150  mesh 100  tons 

Cost  of  mills  and  power  plant. .     $24,000 
Weight  of  mills  and  power  plant  195  tons 

Power  required 46  h.p. 

Wearing  parts  renewable Every  2  years 


25  stamps  and 
2  tube  mills. 

100  tons 

$17,000 

127  tons 

95  h.p. 

Every  3  months 


The  tube  mills  following  the  battery  were  3^  feet  by  14  feet  in 
length.  The  stamps  each  weighed  1,050  pounds.  While  the  first 
cost  of  the  Chilean  mills  was  higher  than  that  of  the  battery  and 
tubes,  there  was  much  less  power  required  for  driving  them,  and 


See  the  Engineering  and  Mining  Journal,  June  12,  1909,  page  1182. 
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they  showed  wonderful  economy  in  wearing  and  repairs.  All  the 
above-named  mills  have  their  advocates.  The  most  widely  favored 
fine  crusher  for  cyanide  work  today  however  is  the  tube  mill.  The 
application  of  the  tube  mill,  and  vacuum  filters  to  be  described  later, 
constitute  the  two  leading  improvements  in  modern  cyanide  practice. 

Tube  Mills. 
Tube  mills  range  in  size  from  14  to  18  feet  in  length  and  y/z  to 
4^  feet  in  diameter.  They  are  usually  cylindrical  in  shape,  but  sonn 
are  conical.  They  are  loaded  with  from  5,000  to  6,000  pounds  of 
flints,  or  other  stones,  and  driven  at  speeds  ranging  up  to  40  or  50 
revolutions  per  minute.  They  usually  require  about  20  horse  powe^ 
to  drive  them. 


A    TYPICAL    TUBE     MILL    ON    ITS    FOUNDATIOXS. 
Made  in  three  sizes — 4  ft.  by  16  ft.,  5^  ft.  by  20  ft.,  and  6]^  ft.  by  20  ft.      F.   L.   Smiatli  ^\;  Co. 

The  greatest  wear  in  tube  mills  is,  naturally,  on  the  lining.  Much 
attention  has  been  given  to  means  for  reducing  the  wearing  down  of 
the  lining.  With  some  ores  chilled  iron  liners  are  used.  On  the  Kal- 
goorlie  field,  Australia,  chilled-iron  liners  are  employed  and  they  give 
about  six-months  service.  In  some  American  mills  cast-steel  lining  is 
used.  The  latest  practice  in  most  minmg  districts,  however,  favors 
the  use  of  pebble  lining.  The  New  Zealand  mills  are  equipped  with 
linings  composed  of  cast-iron  segments  curved  to  the  shape  of  the 
tube.  The  segments  are  sub-divided  into  honeycomb-like  frames,  in 
which  stones  are  fixed  in  a  cement  matrix.  The  stone  crushing  sur- 
face is  made  by  pouring  Portland  cement  into  the  honeycomb  frames 
and  jamming  rough  stones  and  pebbles  into  the  cement.    Quartz,  flint 
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and  other  hard  stones  are  employed  for  setting  in  the  cement.  When- 
ever any  part  of  the  stone  Uning  becomes  worn  down,  the  frame  or 
frames  involved  are  chipped  out  and  a  new  setting  of  fresh  crushing 
stones  is  made.  The  cast-iron  segments  have  to  be  renewed  at  in- 
tervals varying  between  six  months  and  a  couple  of  years  according 
to  the  nature  of  the  material  crushed. 


TRENT     IMPACT    AGITATOR,     CIRCULATOR,    AERATOR     AND     MIXER. 
Traylor   Engineering   Co. 

In  some  of  the  Mexican  tube  mills  a  ribbed  lining  is  used  instead 
of  the  New  Zealand  type  of  cast-iron  or  steel  lining.  Iron  or  steel 
bars  are  cut  and  formed  into  ribbed  segments.  The  segments  have 
bolts  countersunk  into  their  outer  surfaces.  The  free  ends  of  the 
bolts  are  passed  through  the  steel  shell  of  the  tube  and  are  capped 
by  nuts  to  secure  the  segments  to  the  tube.  Quartz  pebbles  are  set 
between  each  parallel  pair  of  bar  segments,  as  in  the  New  Zealand 
type  of  lining.  These  iron-bar  segments  last  as  long  as  the  cast-iron 
ones  and  are  much  lighter.  They  consequently  lead  to  economies  in 
the  driving  power  required  to  operate  the  tubes. 

Agitation  and  Aeration. 

In  order  that  the  gold  in  a  finely  ground  product  from  tube,  or 
other  fine-grinding  mills,  may  be  quickly  brought  into  contact  with 
the  cyanide  solution,  it  is  necessary  to  agitate  the  solution  tanks. 
This  ts  done  in  a  variety  of  ways.  The  simplest  method  is  to  have  the 
tanks  equipped  with  a  revolving  spindle  furnished  with  stirrers  or 
paddle  bars.  The  Traylor  agitator,  made  by  an  American  firm,  con- 
sists of  a  tank  containing  a  suspended  pipe  connected  with  the  dis- 
charging orifice  of  a  centrifugal  pump.  The  bottom  of  the  pipe  con- 
tains a  double  T  connection  fitted  with  four  smaller  pipes  arranged  at 


TUBE    MILLS    INSTALLED    IN    COLORADO    GOLD    MILLS. 

Above,  an  installation  of  5  by  23  ft.  trunnion-type  tube  mills,  U.   S.  R.  .^i  R.  Co..  Colorado 

Springs;   below,   5  by  22   ft.   tire-style  mills,   Liberty   Bell   mine,   Tclluride. 

All  by  the  Abbe   Engineering  Co. 
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HENDRYX     COMBINATION     AGITATOR     AND     FILTER. 


right  angles  like  the  spokes  of  a  wheel.  These  small  pipes  contain  a 
number  of  small  jet  pipes  which  are  inclined  toward  the  bottom  of  the 
tank.  When  the  pump  is  set  in  motion  it  draws  the  cyanide  solution 
from  near  the  top  of  the  tank,  through  a  small  valve,  and  forces  it 
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back  again  into  the  tank  through  the  suspended  pipe  and  out  through 
the  jets  in  the  smaller  pipes  at  the  bottom  of  the  tank.  The  pressure 
of  the  pulp  as  it  is  discharged  from  the  jets  causes  the  agitator  pipe 
^rms  to  revolve  slowly.  The  pulp  flowing  from  the  jets  stirs  up  the 
pulp  clinging  to  the  tank  bottom.  This  is  a  simple  and  effective 
mechanism  for  agitating,  aerating,  and  mixing  cyanide  solutions. 

For  dealing  with  large  quantities  of  cyanide  solutions  an  appliance 
known  in  Mexico  as  a  Pachuca  tank,  and  in  Australia  as  a  ''tall  tank 
agitator,"  is  largely  in  use.  It  consists  of  a  cylindrical  iron-plate  tank 
about  8  feet  in  diameter  and  35  to  40  feet  in  height  with  conical  bot- 
toms. A  pipe,  having  a  diameter  of  134  inches  for  each  foot  of 
diameter  of  the  tank,  is  suspended  in  the  center  of  each  tank.  The 
top  of  this  pipe  is  open  and  reaches  barely  to  the  top  of  the  tank.  A 
small  air  pipe  is  run  down  the  center  of  the  suspended  pipe  as  far  as 
the  bottom.  The  tank  is  filled  with  the  ground  ore  and  cyanide  solu- 
tion. Air  is  pumped  into  the  small  central  air  pipe  and  allowed  to 
escape  at  the  bottom  of  the  larger  suspended  pipe.  This  air  lightens 
the  water-column  inside  the  larger  pipe  and  causes  the  solution  to 
over-flow  the  pipe  at  the  top  of  the  tank  while  fresh  pulp  is  sucked 
in  at  the  bottom  of  the  suspended  pipe.  This  fresh  pulp  is  carried 
up  the  pipe  and  overflows  it.  In  this  way  there  is  a  steady  circula- 
tion kept  up  throughout  the  tank,  and  every  particle  of  ore  is  con- 
stantly turned  in  contact  with  cyanide  solution  and  bubbles  of  air. 
The  tanks  are  automatically  discharged  at  the  bottom  by  flushing 
through  a  discharge  cock. 

A  pulp  consisting  of  75  per  cent  of  sand  and  25  per  cent  of  slime 
is  successfully  treated  on  the  Transvaal  by  the  Adair-Usher  process. 
The  plant  consists  of  ordinary  decantation  tanks  fitted  with  conical 
bottoms  arranged  in  series  so  that  the  bottom  of  the  one  above  is  2 
feet  higher  than  the  one  below.  Each  tank  is  provided  with  an  out- 
flow at  the  bottom  and  an  overflow  pipe  at  the  top.  The  sand  and 
slime  are  fed  to  a  tank  by  a  distributor  placed  near  the  top  of  the  tank. 
The  cyanide  solution  is  run  in  through  a  radial  distributor  situated 
near  the  middle  of  the  tank.  The  pulp  sinks  in  the  rising  current  of 
solution  when  the  enriched  solution  flows  out  from  one  tank  to  the 
solution  distributor  of  the  tank  next  below  it  and  settles  on  the  conical 
tank  bottom.  It  is  collected  here  and  fed  by  an  injector  to  the  pulp 
distributor  at  the  top  of  the  tank  next  above.  The  pulp  is  finally 
discharged  from  the  topmost  tank.  The  solution  always  travels  down- 
wards from  one  tank  to  another.  The  solution  and  sand  thus  travel  in 
opposite  directions. 


970  THE  ENGINEERING   MAGAZINE. 

These  various  methods  of  agitation  and  aeration  have  enabled 
metallurgists  to  treat  large  quantities  of  fine,  and  previously  trouble- 
some, slimes,  in  a  comparr^ively  short  time. 

Filtration. 
In  the  early  days  of  the  cyanide  process  filtration  was  carried  out 
almost  solely  by  simple  percolation  in  wooden  tanks.  This  was  always 
a  slow  and  expensive  method  of  separating  the  gold  solution  from  the 
treated  material ;  but  it  is  only  recently  that  better  methods  have  be- 
come available.  Filter-processing  was  first  profitably  tried,  and  later 
numerous  vacuum  filters  were  introduced  into  cyanide  practice.  There 
are  a  variety  of  such  filters  now  on  the  market.  They  are  all  simple, 
and  are  mostly  of  large  capacity.  The  Butters  and  Moore  filters  are 
the  most  popular  ones  today.  Continuous  suction  filters  of  the  Ridg- 
way  type  are  rapidly  coming  into  favor. 

The  Moore  Filter. 

The  Moore  filter  is  composed  of  a  large  vat,  or  tank,  into  which 
a  filter  frame  containing  numerous  filter  leaves  is  let  down  from 
a  traveling  crane  above,  which  is  free  to  travel  on  steel  rails  for  the 
full  length  of  the  filter.  The  vats  are  made  of  concrete  or  steel,  and 
are  often  large  enough  to  hokl  300  to  400  tons  of  pulp.  There  may 
be  as  many  as  50  filter  leaves  with  a  filtering  area  of  over  8,000 
square  feet  in  a  frame.  Each  filter  leaf  is  made  of  canvas,  which  is 
doubled  over  a  frame  made  of  Oregon  fir  or  steel  tubing.  On  the 
bottom  edge  of  each  leaf,  a  launder  for  collecting  the  in-filtered  aurif- 
erous solution  is  made  of  ^-inch  channel  iron.  This  launder  is  con- 
nected by  a  I -inch  vertical  suction  pipe  with  a  suction  pump. 

The  Moore  filter  is  operated  as  follows :  the  vat  is  filled  with  pulp. 
Then  the  filter  frame  containing  the  leaves  is  brought  over  it  by  the 
traveling  crane.  The  leaves  are  let  down  into  the  vat.  When  they  are 
submerged  in  the  pulp  the  vacuum  pump  is  started.  The  pump  draws 
the  auriferous  liquor  through  the  canvas  and  discharges  it  into  storage 
tanks.  Suction  is  kept  up,  together  with  intermittent  agitation  in  the 
vat,  until  a  cake  of  slime  affixes  itself  on  the  outside  surfaces  of  the 
canvas  filter  leaves.  When  this  slime  cake  is  thick  enough,  the  filter 
frame  is  raised  by  the  electric  crane  and  carried  over  to  a  washing 
vat  of  dimensions  similar  to  those  of  the  pulp  vat,  and  washed.  The 
frame  is  afterward  suspended  over  the  discharging  hopper  for  a  short 
time  until  the  suction  pump  reduces  the  moisture  in  the  slime  cake  as 
much  as  possible.  Then  the  vacuum  is  shut  off  and  air  under  a  pres- 
sure of  35  pounds  per  square  inch  is  forced  into  the  filter  leaves.   This 


MOORE    SLIME   FILTERS   IN    AMERICAN    MILLS. 

The  upper  view  shows  the  mill  of  the  Golden  Reward  Consolidated  Gold  Mining  &  Milling 

Co.,   operated  by  an   electric  crane.     Below  is   the  plant  of  the  Ernestine 

Gold   Mining   Co.,   handled  by   a   pneumatic   crane. 
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loosens  the  cake  and  between  80  and  90  per  cent  of  it  falls  into  the 
hopper.  The  remaining  portion  is  scraped  off  the  canvas  by  hand. 
Experiments  at  a  new  cyaiiide  mill  furnished  with  a  Moore  slime 
filter  of  300 -tons  capacity  showed  the  filter  was  capable  of  forming  a 
^-inch  cake  of  slime  in  the  remarkably  short  period  of  12  minutes, 
and  a  i^-inch  cake  in  25  minutes.  The  plant  was  capable  of  being 
successfully  operated  in  i}4  hours.  That  is  to  say,  the  time  occupied 
in  filling  and  discharging  the  filter,  and  preparing  the  leaves  and  filter 
for  a  fresh  charge,  was  only  ij^  hours. 


COLD  SOLUTION  SUMP 


DIAGRAMMATIC  ILLUSTRATION   OF  AN  ARRANGEMENT  OF  BUTTERS  FILTER  AND  TANKS, 

FOR    HILLSIDE    SITUATION. 
Butters    Patent    Vacuum    Filter    Co.,    Inc. 

The  Butters  Filter. 

Cassel,  of  Glasgow,  Scotland,  inverted  the  Moore  procedure.  In- 
stead of  having  the  filter  leaves  free  and  moving  them  about  between 
the  pulp  vat,  washing  tank,  and  discharging  hopper,  Cassel  fixed  a 
number  of  vacuum  filter  leaves  in  a  long  rectangular  tank.  From 
100  to  200  filter  leaves  are  fitted  to  a  tank.  The  Butters  filter  at  the 
Goldfield  Consolidated  Mill,  Goldfield,  Nevada,  contains  150  leaves 
and  has  a  capacity  of  600  tons  per  day.  This  type  of  filter  takes  up 
much  less  room  than  the  Moore  filter,  and  can  be  built  in  very  large 
units.  ' 


BUTTERS    PATENT    VACUUM    FILTER,    GRAVITY    SYSTEM    IN    THE    lOO-STAMP    MILL    OF 

THE    GOLDFIELD    CONSOLIDATED    MINES    CO.,    GOLDFIELD,    NEVADA. 

The   filter   consists   of   two   boxes,    each   containing   168   filter   frames    (836    leaves).      Treats 

738  tons  of  dry  slime  in  24  houis.     Controlled  by  one  man  per  shift.     The  upper 

picture    shows    a    general    view    from    the    operating    platform.      The    lower 

shows     a    filter    frame    loaded    with     1-inch     slime    cake. 
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The  Ridgway  Filter. 
The  mechanical  engineer  at  the  Great  Boulder  mine,  Kalgoorlie, 
West  Australia,  several  years  ago  invented  a  continuous,  revolving, 
vacuum  filter  which  is  very  successful.     Filter  leaves  are  suspended 
horizontally  from  radial  arms  revolving  over  a  cylindrical  tank.    The 
suction  pipes  from  each  filter  leaf  are  connected  with  a  main  pipe  at- 
tached to  the  cen- 
tral spindle  which 
revolves     the 
eaves.     The  tank 
is      divided     into 
three    compart- 
ments.   One  com- 
partment   is    used 
for  the  pulp,  one 
contains    washing 
water,     and     the 
third    is    for    dis- 
charging    the 
slime    cakes.     As 
the  filtering  arms 
slowly       revolve 
around    the    cen- 
tral axis,  the  hori- 
zontal vacuum  fil- 
t  e  r  s     alternately 
pass  from  one  di- 
vision of  the  tank 
to  another.    Each 
filter  leaf  remains 
about   13   seconds 
in    the    pulp    vat 
sucking     up     the 
slime     and     auri- 
ferous      solution. 
It  then  passes  to 
the    washing    vat 
THE  RIDGWAY  FILTER.  wlicrc   it  rcuialns 

T,   cast-iron   filtering  frames;   U,   nest  of  three  valves,   automati-     abOUt    3O    SCCOndS. 
calb"  operated;   B,  compressed-air  section  of  central  column;  Finally   it    o'OCS   tO 

G,    L,    vacuum   connections;    BS    pulp;    O,    wash;  i-      , 

DS  biowi/g-off  section.  thc      dischargmg 


MODERN    CYANIDING    PRACTICE. 


975 


TYPICAL     INSTALLATION    OF    THE    IMLAY     RAPID    CYANIDE    PROCESS. 
W.  L.  Imlay  Rapid  Cyanide  Process  Co. 

vat,  or  filter  division,  where  the  sHme  cake  is  blown  ofif  the  filtering 
surfaces.  This  filter  is  thus  continuous  in  its  action.  Each  machine 
has  a  capacity  of  25  tons  of  dry  slime  per  day.  It  requires  very  little 
power  and  labor  to  operate.  One  man  can  attend  15  or  20  filters 
having  a  capacity  up  to  800  or  900  tons  per  shift.  Several  modifica- 
tions of  the  Ridgway  filter  are  now  on  the  market.  A  modification 
made  by  W.  A.  Caldecott  is  in  very  successful  operation  at  the  Sim- 
mer Deep  mine  at  Johannesburg,  South  Africa. 

The  Imlay  Process. 
An  important  improvement  in  cyaniding  has  lately  been  patented 
by  W.  L.  Imlay,  of  Philadelphia,  Pa.  In  the  Imlay  process  the  sands 
are  crushed  to  pass  a  150-mesh  screen  and  carried  to  a  launder  which 
feeds  the  top  of  an  inclined  lixiviating  trough.  The  trough  is  from 
150  to  200  feet  in  length  and  contains  a  number  of  rolls  and  iron 
plates.  When  the  pulp  is  fed  at  the  top  of  the  trough  it  falls  by  gravi- 
tation, and  passes  through  the  rolls  and  over  the  iron  plates.  There 
are  about  50  plates  and  the  same  number  of  rolls.  Each  alternate  plate 
is  heated  by  steam.  The  rolls  are  revolved  by  sprocket  wheel  flanges 
and  driving  chain.  The  rolls  not  only  agitate  the  pulp  as  it  passes 
through  them,  but  develop  numerous  bubbles  in  the  cyanide  solution 
which  contain  air  with  sufficient  oxygen  to  re-supply  continuously  the 
excess  of  oxygen  required  to  keep  the  cyanide  in  its  most  active  con- 
dition. 
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TUBE    MILLS    IN    THE    STAMP    BATTERY    OF    THE    GOLDFIELD    CONSOLIDATED    MILL. 

The   Allis   Chalmers   Co. 

The  heating  of  the  alternate  iron  plates  is  an  important  feature  of 
this  process.  Every  other  plate  has  a  water  back  on  the  under  side 
so  that  steam  can  be  admitted  to  heat  a  section  across  the  width  of 
the  plate.  The  admission  of  steam  is  controlled  by  a  valve.  The 
^  steam  enters  on  one  side  and  discharges  on  the  opposite  side,  and  can 
be  regulated  to  suit  requirements. 

By  the  time  the  cyanide  and  pulp  have  passed  down  the  150  feet 
of  the  lixivator  trough  all  the  values  have  been  dissolved  in  the  cya- 
nide solution.  The  solution  and  the  pulp  leave  the  lixivator  at  the 
lower  end  and  enter  a  distributing  launder  (6).  This  launder  can  be 
tilted  so  as  to  deliver  into  either  one  of  two  or  more  sand  tanks  (7). 
The  cyanide  and  pulp  flow  from  the  lixivator  to  the  launder,  then  to 
a  sand  tank  where  all  the  sand  settles.  As  much  more  solution  is 
used  than  there  is  sand,  this  tank  soon  overflows  through  a  pipe 
(9)  into  a  slime  tank  (8).  Both  of  these  tanks  are  built  on  the 
lateral  filtering  plan,  the  slime  tank  (8)  having  a  filtering  capacity 
equal  to  the  discharge  over  the  lixivator.  From  the  time  the  cyanide 
solution  starts  at  the  top  of  the  lixivator  and  dissolves  the  values  out 
of  the  ore,  is  filtered,  and  the  values  are  deposited  in  the  zinc  box, 
and  the  pump  (12)  has  returned  the  solution  to  the  stock  tank  barely 
10  minutes  elapse. 
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THE    DAVIDSEN    TUBE    MILL. 
F.   L.    Smidth   &   Co. 

This  being  a  one-solution  process  but  little  water  is  required. 
Storage  tanks  for  water,  weak,  medium,  and  strong  solutions,  and 
wash  water  are  not  needed.  A  standard  strength  of  solution,  and  full 
quantity  in  stock  tank  is  all  that  is  employed. 

The  sand  tanks  are  emptied  by  any  of  the  usual  methods. 

CONCLUSIOX. 

From  this  rapid 
review  of  modern 
cyaniding  p  r  a  c- 
tice  it  will  be  no- 
ticed that  recent 
improven\e  n  t  s 
have  been  chiefly 
of  a  mechanical 
nature  and  made 
with  the  object  of 
making  the  pro- 
cess as  continu- 
ous and  automatic 
as  possible.  Fine 
crushing,  vacuum 
filtration,  and  the 
numerous  a  u  t  o- 
matic  appliances  for  handling  the  sand,  pulp  and  solutions  during 
the  course  of  treatment  have  succeeded  in  greatly  reducing  the  time 
and  cost  of  treatment.  New  processes  now  in  the  early  stages  of 
development,  like  the  Imlay  process  just  described,  promise  still 
better  economies  in  the  near  future. 


TILTING    CRUCIBLE    FURNACE    FOR    MELTING    CYANIDE 

PRECIPITATES. 

A,    combustion    chamber;    C,    burners;    E,    crucible. 
W.    S.    Rockwell   Co. 


THE   DISTRIBUTION   OF   FOUNDRY   TONNAGE 

BURDENS. 

By  Victor  R.  Claydon. 

THERE  apparently  is  a  diversity  of  opinion  as  to  the  correct 
method  of  distributing  the  foundry  tonnage  burden  in  a  busi- 
ness where  the  costs  are  based  on  the  dififerent  classes  of  cast- 
ings produced ;  and  the  purpose  of  this  article  to  deal  with  the  two 
main  opinions  that  have  been  expressed  in  the  course  of  inquiry  on 
the  subject: 

I. — That  the  whole  of  the  tonnage  burden  should  be  distributed 
on  the  basis  of  good  castings  only  of  each  class  produced. 

2. — That  the  whole  of  the  tonnage  burden  should  be  distributed 
on  the  basis  of  good  and  bad  castings  of  each  class  produced. 

For  the  purposes  of  illustration  we  will  assume  that  we  are  in  a 
business  where  the  costs  are  divided  into  three  distinct  classes  of 
manufacture,  viz :  boilers,  steam  fittings,  and  jobbing,  and  that  the 
following  are  the  production  reports  sent  in  to  the  cost  office  for  a 
fortnight's  cast: 

(A)  Apportionment  of  Total  Melt. 

Good  Castings  produced,  all  classes 443,585  pounds 

Bad  Castings   produced,  all   classes 56,260       " 

Sprues    and    Gates 194,595       " 

Shrinkage    •  • •  • 27,080       " 

Total  Melt' 721,520 

(B)  Distribution  of  Good  Castings. 

Boilers    370,951  pounds 

Steam  Fittings 45,182 

Jobbing   •  •  •  • 27,452 

Total    Good    Castings 443,585 

(C)  Distribution  of  Bad  Castings. 

Boilers    44,294  pounds 

Steam  Fittings •  • 7,550 

Jobbing   4,416 

Total  Good  and  Bad  Castings , . , , .       56,260 
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The  tonnage  burden  on  the  cast  is  $1,416.09.  We  will  now  divide 
our  costs  on  the  basis  of  good  castings  only,  of  each  class  prodncc'l: 

(D)   Distribution  of  Tonnace  Bufdkn  on  Good  Castings  Only. 

Per  cent,  of  Distribution 

Total  Good  of  Tonnage 

Class                                                        Pounds               Castings  Burden 

Boilers 370,95^                    ^3-^3  $1,184.28 

Steam  Fittings 45,182                    10.18  144.16 

Jobbing   27,452                     6.19  87.65 

Total  Good   Castings 443,585  $  1,416.09 

By  dividing  our  costs  on  the  basis  of  good  and  bad  casting*;  pro- 
duced, we  get  the  following  results : 

(E)  Distribution  of  Tonnage  Burden  on  Good  and  Bad  Castings. 

Per  cent,  of       Distribution 
Class  Total  Good  &  Bad  of  Tonnage 

(Add  B  &  C)  Pounds  Castings  Burden 

Boilers     415,245  83.07  $  1,176.35 

Steam   Fittings 52,732  10.54  $      14925 

Jobbing     31,868  6.39  $       90.49 

Total  Good  and  Bad  Castings 499,845  $  1,416.09 

It  is  of  course,  self-evident,  that  to  obtain  the  cost  of  the  tonnage 
burden  per  pound  of  good  castings  of  any  class,  we  must  divide  by 
the  good  castings  only  of  that  class,  after  the  correct  distribution  of 
the  costs  has  been  made.  The  whole  purpose  of  this  paper  is  to  try 
and  determine  whether  table  D  or  E  is  the  correct  method  of  distri- 
bution. 

Assuming  that  the  distribution  according  to  table  D  is  correct, 
then  it  appears  to  me  that  the  branch  of  the  business  which  is  actu- 
ally losing  the  most  work,  is  producing  the  cheapest  castings ;  which 
on  the  face  of  it  seems  absurd. 

In  table  E  we  have  the  foundry  tonnage  charge  spread  over  the 
different  classes  of  castings  produced,  on  a  basis  of  good  and  bad 
castings.  Although,  in  the  examples  given,  the  percentages  do  not 
differ  very  materially,  yet  I  think  they  will  serve  to  bring  out  the 
point  that  in  distributing  the  burden  on  this  basis  the  onus  is  put  on 
the  branch  of  the  business  which  is  losing  the  most  work,  and  this 
would  seem  to  be  the  correct  apportionment. 

It  has  been  pointed  out  to  me  in  course  of  correspondence  on  this 
subject,  that  one  cannot  consider  bad  castings  as  "output."  Whilst 
admitting  this  fact,  it  is  surely  no  less  a  fact  that  the  production  of  a 
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certain  proportion  of  them  is  inevitable  in  the  production  of  output, 
and  consequently  it  seems  only  logical  that  each  class  should  be 
burdened  with  its  own  proportion  of  this  unmarketable  product. 

There  is  just  one  other  point  I  would  like  to  touch  on:  In  some 
foundries  the  item  of  cleaning  and  chipping  has  to  be  taken  as  a 
tonnage  burden.  In  such  a  case  I  venture  to  think  that  this  portion 
of  the  tonnage  burden  should  be  distributed  on  good  castings  only, 
and  for  the  following  reasons:  Most  of  the  defective  work,  in  all 
probability,  would  be  detected  before  reaching  the  cleaning  shop, 
and  if  such  is  the  case,  and  only  an  insignificant  fraction  of  bad  cast- 
ings finds  its  way  into  this  shop,  then  I  suggest  this  is  the  correct 
method.  In  short,  any  given  element  of  the  tonnage  burden  should 
be  distributed  only  over  the  tonnage  actually  receiving  the  expendi- 
ture corresponding  to  that  element. 

The  writer  will  be  pleased  to  hear  from  others  on  this  subject, 
and  to  answer  any  inquiries  that  may  be  made. 

Mr.  Claydon's  contribution  is  the  outgrowth  of  correspondence  that  de- 
veloped so  much  interest  as  to  merit  a  wider  circulation.  For  this  reason  Mr. 
Claydon  was  invited  to  put  the  problem  in  concrete  form  for  submission  to  our 
readers,  and  we  shall  be  glad  to  receive  and  submit  to  the  author  any  comment 
or  argument  our  readers  may  be  disposed  to  make. — The  Editors. 
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Editorial  Comment 


The  Tariff. 
pCONOMICS  lies  next  to  religion  and 
art  among  the  provinces  in  which 
sectarian  warfare  is  eternal  and  fierce — 
sometimes  because  nothing  can  be 
proved,  and  emotional  vehemence  surges 
up  to  fill  the  voids  where  logical  demon- 
stration should  be;  sometimes  because  so 
many  conflicting  propositions  can  be 
proved,  and  few  brains  can  compass 
more  than  a  small  fraction  of  this  many. 
A's  fraction  and  B's  fraction  may  ap- 
pear hopelessly  contradictory,  and  so 
they  fall  to  blows;  and  if  C,  with  rare 
mastery  of  mind,  discovers  that  both 
A's  philosophy  and  B's  are  true  within 
limits,  and  deal  with  different,  opposing, 
but  co-existing  elements  (like  the  oppos- 
ing forces  whose  balance  holds  the  plan- 
etary systems  in  order),  then  C  is  proba- 
bly set  upon  and  belabored  by  both  A 
and  B  together. 

All  of  which  is  introductory  to  the 
observation  that  the  new  United  States 
tariff  measure  (itself,  by  the  way,  a 
hodge-podge  of  effects  produced  by  a 
mob  of  self-centred  and  self-absorbed  in- 
terests) is  an  economic  phenomenon 
that  will  be  interpreted  variously  by 
various  minds,  according  to  their  indi- 
vidual philosophies,  their  innate  predi- 
lections or  prejudices,  their  inherited  or 
adopted  political  tenets,  or  the  actual  or 
anticipated  effect  on  their  own  business 
affairs.  It  will  be  regarded  by  some  as 
benign  and  by  some  as  sinister,  and  the 
truth  will  not  be  proved  to  the  country  at 
large  except  empirically,  by  the  work- 
ings of  the  Aldrich  schedules  during  the 
next  few  years.  It  may  not  stand  clearly 
revealed  to  all  even  then.  The  majority, 
perhaps,  will  still  be  unable  to  disen- 
tangle the  results  of  high  protection  from 
the  consequences  of  crop  failure,  or  the 
effects  of   industrial   conditions  in   Ger- 


many, or  the  influences  of  Harriman's 
healtii  on  railway  affairs,  or  the  manipu- 
lations of  Wall  Street,  or  from  any  or 
all  of  a  vast  complexity  of  factors  whose 
product  is  the  index  of  prosperity. 

It  would  be  very  unfair  to  assume  that 
pocket  interest  alone  will  direct  individ- 
ual  judgment,  .or  decide  a  majority   of 
public  opinion  as  to  the  economic  sound- 
ness— the   goodness   or   the   badness — of 
the   Payne   Bill.     It   should  not  be   said 
even  that  a  majority  of  both  House  and 
Senate  were  influenced  more  by  consid- 
erations   of    special    advantage    to    local 
interests  than  by  a  purpose  to  secure  the 
best  results  for  the  country  as  a  whole. 
But   it   was   nevertheless   by   selfishness, 
playing  upon   honest  belief  and  natural 
differences  of  opinion,  that  the  balance 
was  turned.     In  spite  of  the  earnest  ef- 
fort of  a  few  leaders,  to  whom  all  credit 
is  due,  and  of  a  few  concessions  (or  ap- 
parent  concessions)    to  the  demand   for 
free  raw  materials  and  general  "down- 
ward revision,"  it  must  be   said  that -in 
its  sum,  the  bill  is  a  wholesale  delivery 
of    the   people    into    the    hands    of    "the 
interests;"  that  manufacturers  at  large, 
and  hence  consumers  at  large,  are  sacri- 
ficed  to    a    few    industrial    manipulators 
who  hold  a  grasp  upon  Federal  legisla 
tion ;    that    the    demand    for    conditions 
that    would    enable    America    to    satisfy 
her  great  and  growing  need — participa- 
tion in  the  manufacturing  trade  of  the 
world — is  almost  totally  ignored  or  de- 
nied; and  that  a  large  proportion  of  the 
voters  who  placed  the  present  party  in 
power  will   feel   that  the  pledges  of  its 
leaders  have  been  broken. 

In  short,  while  it  is  not  especially  sig- 
nificant that  a  new  tariff  should  excite 
disapproval  in  some  quarters,  nor  even 
that  that  disapproval  should  be  carne>t 
and  shared  by  a  large  number  of  people, 
it  is  significant  to  note  the  character  of 
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the   critics   of   the   Payne   bill,    and   the 
grounds  of  their  criticism. 

That  the  outcome  may  be  a  temporary 
and  partly  artificial  inflation  of  prosper- 
ity is  probable;  that  any  such  measure 
can  establish  the  best  conditions  for  per- 
manent welfare  and  sound  expansion 
seems  impossible.    Time  will  tell. 


The  Highway  to  Prosperity. 
A  NY  settlement  of  unsettled  condi- 
^*'  tions  leads  to  some  sort  of  balance, 
whether  permanent  or  not^  and  it  is  cer- 
tain that  the  completion  of  the  bill  which 
Congress  was  called  in  special  session  to 
enact  will  have  a  stimulative  effect  on 
industry  and  prosperity,  almost  irrespec- 
tive (for  the  present)  of  its  ultimate 
tendencies.  The  long-restrained  energy 
and  the  capital  (which,  however  appar- 
ently dormant,  never  really  sleeps,  but 
watches  always  and  only  for  confident 
security  of  return  to  start  out  on  new 
and  larger  ventures)  these  two  construc- 
tive forces  are  already  restless  for  re- 
sumption of  work  suspended  two  years 
ago,  and  for  fresh  undertakings.  The 
great  underlying  industries — steel  and 
transportation — have  for  some  months 
been  preparing  for  the  rush;  but  their 
activity  of  preparation  is  a  fraction  only 
of  the  activity  of  performance  into 
which  they  will  be  plunged  as  the  already 
rising  tide  reaches  the  constructive  and 
productive  industries  at  large. 

The  world's  consumption  of  manufac- 
tured materials  (using  the  term  in  its 
broadest  possible  sense)  as  indexed  by 
the  primary  material  of  manufacture — 
iron — increases  at  a  rapid  rate  of  accel- 
eration; and  when  this  rate  is  temporar- 
ily retarded,  as  it  has  been  for  two  years 
past,  the  speed  seems  immediately  there- 
after to  be  raised  above  normal,  as  if 
material  civilization  were  determined  to 
make  up  for  lost  time  and  regain  the 
place  it  should  have  reached  by  the  card. 
In  fact,  it  often,  if  not  usually,  over- 
shoots the  mark  and  runs  ahead  of  the 
schedule.  Upon  such  a  period  the 
United  States  is  now  entered.  To 
manufacturers  who  have  used  the  int?r^ 


val  of  quietness  to  set  their  works  in 
order,  to  effect  improvements  in  organi- 
zation, in  equipment,  and  in  efficiency, 
for  which  opportunity  was  given — per- 
haps opportunity  long  sought  but  long 
denied  in  the  foregoing  years  of  over- 
pressure upon  forces  and  facilities — the 
situation  affords  a  rich  certainty.  The 
harvest  is  waiting  to  be  gathered,  and 
the  only  solicitude  need  be  for  each  to 
secure  his  full  and  proper  share. 


Minor  Executives. 
/^  NE  of  the  problems  now  presented 
to  industrial  managers  with  in- 
creasing frequency  and  insistence  is 
that  of  the  minor  executive — the  lieu- 
tenant whose  duties  and  responsibilities, 
under  modern  conditions  and  in  large 
modern  plants,  may  easily  be  much 
larger  than  those  imposed  upon  many 
an  independent  owner  or  chief  in  old- 
time  cwicerns. 

The  successful  filling  of  such  a  posi- 
tion requires  a  rather  peculiar  combina- 
tion of  talent,  experience,  and  tempera- 
ment, which  to  many  managers  seems 
obtainable  only  through  selection  from 
a  shop-trained  force.  To  others,  the 
more  promising  course  appears  to  be 
special  education,  in  the  works,  of  an 
advanced  class  of  technical  graduates, 
starting  upon  the  foundation  of  a  regu- 
lar engineering  course.  That  this  latter 
policy  has  not  won  wider  favor  is  per- 
haps due  in  large  part  to  the  long  (and 
only  lately  and  partially  corrected)  neg- 
lect of  the  technical  schools  to  provide 
adequate  special  training  for  engineer- 
ing students  destined  to  enter  manu- 
facturing plants  in  professional  capaci- 
ties. As  it  stands,  no  thoroughly  satis- 
factory general  solution  of  the  puzzle 
has  been  advanced.  In  a  future  issue 
of  The  Engineering  Magazine  we 
shall  present  an  interesting  discussion 
of  the  points  involved,  by  Mr.  H.  Keith 
Trask,  an  author  eminently  fitted  by  ex- 
perience and  observation  to  discern  and 
weigh  the  several  factors  in  th? 
problern, 
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RAILWAY  DEVELOPMENT  IN  CHINA. 

A  BRIEF  SUMMARY  OF  EXISTING  LINES  AND  OF  PROSPECTS  FOR  FURTHER   EXPANSION. 

Arthur  John  Barry — Royal  Society  of  Arts. 


INTEREST  in  Chinese  railway  de- 
velopment and  Chinese  finance  has 
lately  been  stimulated  in  the  United 
States  by  the  action  of  the  State  Depart- 
ment in  supporting  the  demand  of  a 
group  of  American  financiers  for  partici- 
pation in  an  impending  Chinese  loan  for 
the  extension  of  the  railway  system.  The 
trials  of  foreigners  in  financial  dealings 
with  the  Chinese  are  well  described  in  a 
long  and  interesting  paper  on  railway  de- 
velopment in  China  read  by  Arthur  John 
Barry  before  the  i<oyal  Society  of  Arts 
and  published  in  the  Journal  for  May  21. 
This  phase  of  the  subject  we  have  not 
space  to  touch  upon;  we  give  a  brief 
summary  of  existing  lines  and  Mr. 
Barry's  opinion  of  the  prospects  for 
further  expansion. 

The  history  of  railway  development 
in  China  divides  itself  naturally  into  four 
periods.  ''The  first  period  was  marked 
by  the  attempt  of  the  foreigners  to  in- 
duce the  Chinese  to  permit  them  to  in- 
troduce railways  into  the  country,  an  at- 
tempt which  failed  before  the  fanatical 
and  strenuous  opposition  of  the  govern- 
ing classes.  In  the  second  period  we 
find  an  influential  though  comparatively 
small  number  of  Chinese  themselves  bor- 
rowing the  ideas  of  the  foreigner,  and 
succeeding,  in  face  of  much  opposition, 
in  bringing  about  the  construction  of  the 
first  railway  in  China.  During  the  third 
period,  the  Chinese  having  become  more 
or  less  accustomed  to  railways,  grasp 
the  fact  that  they  are  necessary  to  the 


welfare  of  the  country,  and  consent  to 
the  admission  of  capital  for  railway  con- 
struction on  mutually  advantageous 
terms.  The  fourth  and  present  stage  is 
characterized  by  a  growing  intolerance 
of  foreign  guidance  and  assistance,  other 
than  purely  financial." 

The  first  attempt  to  introduce  railways 
into  China  was  made  by  Sir  Macdonald 
Stephenson  over  45  years  ago.  He  drew 
up  a  comprehensive  scheme  for  railway 
construction  which  was  politely  received 
by  the  Chinese  Government  and  as  po- 
litely pigeonlioled.  It  was  not  until  1875 
that  railway  construction  of  any  kind 
was  attempted  in  the  country.  In  that 
year  a  narrow-gauge  railway  12  miles 
long  was  laid  on  an  ordinary  road  be- 
tween Shanghai  and  Woosung.  The 
operation  of  this  line  promised  to  be 
entirely  successful.  It  was  enthusiastic- 
ally patronized  by  the  Chinese,  but  after 
a  short  period  of  operation  the  Govern- 
ment seized  upon  a  flimsy  pretext  to  con- 
demn and  close  the  line.  It  was  pur- 
chased by  the  Government  at  cost  price 
and  the  rails,  rolling  stock,  etc..  were 
shipped  out  of  the  country.  With  the 
destruction  of  this  road  ends  the  first 
stage  of  railway  development  in  China. 

The  second  stage  is  marked  by  the  in- 
ception by  Tong  Kin  Sing  of  what  is 
now  the  most  important  railway  system 
of  China,  the  Imperial  Railway  of  North 
China,  about  600  miles  long,  connecting 
Pekin  and  Makd.'n.  It  had  its  begin- 
ning in  a  small  railway  seven  miles  long. 
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designed  to  convey  coal  from  Tong  Kin 
Sing's  mines  at  Tongshan  to  the  head  of 
a  small  canal.  In  the  face  of  much  oppo- 
sition, which  the  support  of  Li  Hung 
Chang  did  much  to  overcome,  th^.  line 
was  gradually  extended  to  Tongku, 
Tientsin,  Pekin,  the  Great  Wall,  and 
finally  to  Mukden.  The  capital  was 
raised  principally  in  England.  In  1908 
the  excess  of  receipts  over  expenses 
amounted  to  about  £1,000,000. 

The  close  of  the  war  between  China 
and  Japan  marked  the  close  of  the  sec- 
ond period  of  railway  development  and 
the  commencement  of  the  third.  The 
Chinese  Government  realized  that  the 
disastrous  result  of  the  war  was  due  in 
large  measure  to  lack  of  transportation 
facilities  and  all  official  opposition  to 
railway  expansion  ceased.  About  this 
time  Russia,  France  and  Germany  each 
had  in  view  a  definite  programme  of 
railway  development  in  China,  the  ob- 
jects of  which  were  partly  commercial 
but  principally  political.  In  due  time 
the  various  political  aspirations  of  these 
three  powers  took  concrete  form,  and 
as  a  result  the  following  railways  came 
into  being : 

First,  the  Rtissian  railway,  called  the  Eastern 
Chinese  Railway,  from  Manchoarie  on  the  Si- 
berian Railway  through  Tsitsihar  and  Harbin  to 
Vladivostock,  with  a  branch  from  Harbin  to  Yiny- 
kow.  Port  Arthur  and  Talienwan.  _  This  line  is  to 
revert  to  the  Chinese  Government  in  80  years  and 
may  be  repurchased  at  the  end  of  36  years. 

Second,  in  the  south,  the  French  projected  rail- 
way from  Lao  kai  to  Yunnan  which  it  is  expected 
will  be  completed  next  year.  The  total  length  of 
the  line  is  280  miles;  80  years  after  the  date  of 
completion   the  railway  is  to  revert  to  China. 

Third,  the  German  railway  in  Shantung  between 
Kiao  chau  and  Chinan  Fu.  About  240  miles  of 
the  German  system  was  opened  in  1904. 

To  these  political  railways  must  now 
be  added  the  South  Manchurian  Rail- 
way which  is  owned  by  Japan.  The 
status  of  these  railways  is  entirely 
different  from  that  of  subsequent  lines. 
They  are  concessions  in  the  true  sense 
of  the  word  and  are  to  all  intents 
and  purposes  the  property  of  the  coun- 
tries named.  In  the  case  of  the  remain- 
ing railways  the  sovereign  rights  of 
China  are  not  impaired.  The  loan  agree- 
ments between  the  Government  and  the 
various  syndicates  are  all  practically 
similar  in  principle.  The  Chinese  Gov- 
ernment borrows  money  at  5  per  cent,  in- 
terest, and  gives  the  syndicates  certain 
facilities    and    privileges    which    enable 


them  to  make  sure  that  the  money  is 
economically  and  honestly  expended. 
The  loans  are  secured  in  the  first  in- 
stance by  a  mortgage  on  the  railway  it- 
self; a  small  share  of  surplus  profits  is 
granted  the  syndicates  in  addition  to  the 
guaranteed  interest.  The  profits  of  the 
syndicates  are  represented  by  any  dif- 
ference between  the  issue  price  and  the 
price  which  the  Chinese  Government 
agrees  to  take  for  each  £100  bond.  The 
syndicates  usually  act  as  agents  for  the 
supply  of  material,  on  which  they  are 
permitted  to  charge  a  commission  on 
the  cost. 

The  list  of  railways  which  belong  to 
the  third  period  and  for  which  the  capi- 
tal was  raised  on  the  general  principles 
outlined  above  is  as  follows : 

1.  Pekin-Hankow.  Length,  760  miles.  Financed 
by  a  Belgian  syndicate  which  underbid  a  group  of 
American  finaciers  with  whom  negotiations  were 
first   opened.      Earns   large   profits. 

2.  Hankow-Canton.  May  be  regarded  as  a  con- 
tinuation of  the  Pekin-Hankow.  American,  Bel- 
gian, German  and  British  syndicates  have  been  in- 
terested in  its  fifinancing.  The  line  is  not  com- 
pleted. Financial  difficulties  have  only  recently 
been   removed. 

3.  Pekin  Syndicate  Railway.  A  coal  road  90 
miles  long.  Has  been  bought  by  the  Govern- 
ment. 

4.  Chenting-Fu-Taiyan-Fu.  160  miles  long.  Ac- 
quired by  a  French  syndicate  from  the  Russo- 
Chinese   Bank. 

5.  Kaifeng-Fu-Hsian-Fu.  Under  construction  by 
a    Belgian    syndicate.      140    miles    long. 

6.  Pinghsiang-Chuchow.  Capital  raised  in  China. 
A   coal    road    60   miles   long. 

7.  Swatow-Chao  Chau-Fu.  A  private  line  30 
miles   long  built  by  Japanese   engineers. 

8.  Macao-Canton.  Under  construction  by  a 
company,  half  of  whom  are  Portuguese  and  half 
Chinese.      130    miles   long. 

9.  Pekin-Kalgan.  125  miles  long.  Being  built 
by  the  Chinese  out  of  the  profits  of  the  Imperial 
Railways    of   North   China. 

10.  Shanghai-Nanking.  Built  with  British  cap- 
ital.     Opened    in    1908.     About   200    miles   long. 

To  the  fourth  period  of  railway  de- 
velopment belong  four  railways,  the 
financing  of  which  has  been  increasingly 
more  difficult,  owing  to  the  attitude  of 
the  Chinese  Government. 

1.  Canton  Kowloon.  A  very  important  line,  100 
miles  long.  Built  with  British  capital.  Not  yet 
completed. 

2.  Tientsin-Pukow.  Partly  British  and  partly 
German.  Now  under  construction.  The  whole 
line  is  636  miles  long. 

3.  Soochow-Hangchow-Ningpo.  Being  built  with 
British  capital  but  by  Chinese  officials  and  engi- 
neers. 

4.  Pookow-Sinyang.  Only  preliminary  negotia- 
tions for  the  financing  of  this  line  in  London  have 
been  made. 

"China  is  fully  alive  to  the  advantages 
of  railways,  and  is  now  as  anxious  to 
build  them  as  at  first  she  was  opposed  to 
their  construction.  That  the  Chinese 
railway    system    is    in    its    infancy   goes 
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without  saying.  The  railway  system  of 
India,  for  example,  is  only  partially  de- 
veloped, but  with  a  population  of  about 
240,000,000  India  can  at  least  boast  of 
about  30,000  miles  of  railway,  whilst 
China,  with  a  population  greater  by, 
perhaps,  nearly  100,000,000,  can  at  pres- 
ent show  about  5,000  miles  of  railway 
only.  Before  Chinese  railway  develop- 
ment can  compare  with  that  of  India  an- 
other 30,000  miles  or  so  will  have  to  be 
built  at  a  cost  of,  say,  over  £200,000,000 
sterling. 

"Whether  railways  should  be  con- 
structed by  private  enterprise  in  China, 
or  whether  the  principle  of  state  owner- 
ship should  be  universally  adopted,  is, 
perhaps,  a  matter  of  opinion.  On  this 
matter  I  think  that  state  ownership  is 
not  only  best  for  China  but  the  only  pos- 
sible system  compatible  with  success. 
Not  only  has  experience  so  far  demon- 
strated that  Chinese  railway  companies 
are  a  mistake,  but  it  would  also  be  im- 
possible to  raise  any  large  amount  of  cap- 
ital by  means  of  private  companies  in 
China.  Private  companies,  too,  would 
not  have  behind  them  the  necessary 
power  and  authority  which  only  the  gov- 
ernment itself  possesses.  In  private 
companies  in  China  there  would  be  too 
many  private  interests  to  be  considered 
antagonistic  to  the  interests  of  the  un- 
dertaking and  the  Chinese  public.  For 
these  and  many  other  reasons  I  think 
that  the  Chinese  Government  would  do 
well  to  keep  the  construction  of  the  rail- 
way system  of  the  country  in  its  own 
hands. 

"If  the  state  is  to  take  charge  of  the 
future  development  of  the  railway  sys- 
tem of  the  Empire,  the  question  arises 
as  to  how  they  can  raise  the  capital  re- 
quired. Can  they  raise  it  at  home,  and  if 
not,  can  they  raise  it  abroad?  There 
are  many  reasons  why  I  think  they  can- 
not raise  money  in  China.  The  question 
of  raising  capital  abroad  is  one  which 
could  better  be  answered  by  a  financier 
than  by  me,  but  I  cannot  help  thinking 
she  can  on  reasonable  conditions.  It  is 
true  that  the  general  financial  position 
of  China  is  being  adversely  criticised 
lately.  I  saw  for  example  an  article  in 
the  Globe  on  March  4,  in  which  it  was 
stated   that  the    foreign   debt   of   China 


was  £125,000,000  sterling,  and  that 
when  the  interest  on  this  had  been  paid 
there  only  remained  about  £6,000,000 
with  which  to  meet  the  executive  ex- 
penses of  the  Empire.  If  these  figures 
are  correct  it  is  clear  that  China  will 
have  to  find  some  new  source  of  revenue 
before  she  can  borrow  much  more  money 
for  railways.  The  railways  themselves 
could  be  made  to  present  the  necessary 
source  of  revenue.  I  venture  to  believe 
that  railways  in  China  can  be  made  to 
pay  perhaps  better  than  anywhere  else  in 
the  world,  but  if  railways  are  to  be  made 
to  pay,  first,  all  the  money  borrowed  for 
them  must  be  spent  on  the  purpose  for 
vv^hich  it  is  borrowed  and  with  due  regard 
to  economy  and  efficiency. 

"At  present  there  are  very  few  Chi- 
nese qualified  railway  officers.  There 
are  a  certain  number  of  able  Chinese 
engineers  no  doubt,  but  for  many  years 
to  come  there  will  not  be  enough  quali- 
fied men  to  go  around.  In  an  engineer 
experience  is  even  more  important  than 
theory,  and  reliable  engineers  take  years 
to  train.  There  is  little  doubt,  therefore, 
that  for  some  time  to  come  China  will 
have  to  engage  engineers  from  abroad 
to  meet  her  requirements,  and  the  same 
remarks  apply  to  the  senior  officers  of 
other  railway  departments.  There  is 
nothing  derogatory  to  Chinese  dignity  in 
this.  China  has  always  been  loyally 
served  by  the  foreigners  whom  she  has 
employed,  and  always  will  be.  Their 
knowledge  and  experience  in  their  own 
spheres  have  been,  and  will  be,  of  the 
greatest  benefit  to  her  in  every  way ;  but 
if  China  is  to  be  able  to  borrow  the 
money  she  requires  abroad,  on  the  best 
terms,  it  w-ill  be  necessary  to  cultivate  the 
confidence  of  the  foreign  investor,  a  con- 
fidence which  recent  events  have  been 
calculated  to  shake. 

"What  I  venture  to  think  is  required 
is  a  strong  and  capable  railway  depart- 
ment or  Board  in  Pekin.  so  constituted 
as  to  command  the  confidence  of  the  for- 
eign investor,  and  strong  enough  to  com- 
mand respect  everywhere  in  China  itself. 
The  present  Board  of  Communications 
falls  short  of  this.  Such  a  departm'^nt 
would  have  its  statT  of  expert  assistants 
and  inspectors,  both  Chinese  and  foreign, 
and  would  keep  in  touch  with  the  admin- 
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istration  of  each  railway,  who  would  be 
responsible  to  the  Board.  The  net  earn- 
ings of  all  railways  after  payment  of  the 
cost  of  maintenance  and  renewals  would 
be  paid  to  the  Government  Railway  De- 
partment— the  principles  of  its  organiza- 
tion might  be  somewhat  similar  to  those 
of  the  Imperial  Maritime  Customs.  A 
definite  policy  and  a  definite  programme 
of  railway  construction  should  be  laid 
down.  To  build  up  the  revenues  of  the 
Board  the  best  paying  railways  should  be 
constructed  first.  The  revenues  and  ex- 
penditures of  the  Board  should  be  pub- 


lished. In  time  I  think  a  Board  so  con- 
stituted would  be  able  to  raise  loans  on 
its  general  revenues  and  pay  off  the 
various  loans  for  the  service  of  which 
the  revenues  of  different  existing  rail- 
ways are  now  hypothecated.  To  begin 
with,  the  Board  ought  to  be  able  to  show 
as  revenue  the  surplus  earnings  of  the 
Imperial  Railway  of  North  China  and  of 
the  Pekin-Hankow  line,  which  (from  in- 
formation from  Chinese  sources  so  far 
as  the  latter  railway  is  concerned) 
amount  when  taken  together  to  about 
£800,000." 


PROFIT-SHARING   IN    COAL   MINING 

THE  CONDITIONS  OF  PARTICIPATION   IN  THE  EXPERIMENT  AT  THE  WINGATE  COLLIERY. 

Sir  Christopher  Fiirncss — Iron  and  Coal  Trades  Review. 


THE  recent  acquisition  of  the  Win- 
gate  Colliery  has  given  Sir 
Christopher  Furness  an  oppor- 
tunity to  extend  to  the  coal-mining  in- 
dustry the  principles  of  profit  sharing 
which  have  been  for  several  years  in 
successful  operation  in  his  ship-building 
works.  The  Wingate  Colliery  produces 
annually  about  350,000  tons  and  employs 
about  1,400  men  and  boys.  The  purchase 
price  was  £175,000.  The  whole  of  the 
property  has  been  vested  in  a  company 
with  a  capital  of  £200,000  in  £1  shares, 
not  less  than  three-quarters  of  which 
are  to  be  held  by  Sir  Christopher  and 
two  associates.  The  remainder  are  to 
be  divided  up  among  all  the  officials  and 
men  employed  by  the  company.  The 
conditions  attaching  to  participation  in 
the  co-partnership  on  the  part  of  the 
colliery  workers,  as  communicated  in  a 
recent  address  by  Sir  Christopher  to  his 
workmen,  published  in  the  Iron  and  Coal 
Trades  Review  for  May  28,  are  these : 
"i.  While  the  Board  of  Directors  will 
retain  for  the  officials  of  the  company 
the  full  power  to  employ  men  as  the  cir- 
cumstances of  the  moment  may  deter- 
mine, the  general  conditions  of  working 
and  payment  accepted  by  the  Miners' 
Union  will  be  duly  recognized  On  the 
other  hand,  it  is  well  that  it  snould  be 
understood  from  the  beginning  that,  in 
view  of  the  advantages  in  which  em- 
ployees engaged  on  the  colliery  will  cer- 
tainly  share,   as  well   as   other   benefits 


that  may  possibly  accrue  to  them,  our 
officials  will  be  under  strict  injunctions 
to  see  that  only  men  of  capacity  and  in- 
dustry, discreet  conduct  and  sober  habits, 
and  regularity  in  hours  shall  be  re- 
tained in  the  service  of  the  company. 

"2.  Every  employee,  whatever  his 
status — for  according  to  my  standards, 
laborers  have  rights  equally  with  other 
members  of  the  working-class  com- 
munity— every  employee,  I  say,  becomes 
a  member  of  the  co-partnery  by  signify- 
ing assent  to  its  principles,  and  by  ac- 
quiescing in  the  regular  deduction  of  5 
per  cent  from  his  pay  until  the  shares 
to  be  allotted  to  him,  and  which  he  must 
apply  for,  are  fully  paid,  thus  enabling 
him  to  acquire  his  holding  by  gradual 
instalments;  and  no  employee  can  con- 
tinue in  the  service  of  the  company  for 
more  than  three  months  unless  he  be- 
comes a  co-partner. 

"3.  The  laborer  co-partners — who  in 
other  respects  will  be  as  the  workmen  of 
other  collieries  in  the  county  of  Dur- 
ham, not  forgetting  the  legal  rights  con- 
ferred on  employees  by  the  Workmen's 
Compensation  Act — will  participate  to 
the  extent  of  their  share  holdings  in  such 
profit  as  may  from  time  to  time  be  paid 
in  dividends  by  the  company.  Large  and 
small  shareholders  alike  will  be  placed 
on  precisely  the  same   footing. 

"4.  The  control  of  the  company's  af- 
fairs will  be  vested  in  the  Board  of  Di- 
rectors, and  no  one  but  the  management 
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will  possess  authority  to  discharj^c  as 
well  as  to  engage  workmen,  with  re- 
sponsibility to  the  board  alone.  y\long- 
side  this  form  of  administration,  how- 
ever, there  will  exist  a  colliery  council, 
composed  equally  of  representatives  of 
the  directors  and  representatives  of  the 
employees,  which  body  shall  become  the 
repository  of  information  of  importance 
or  interest  that  may  be  communicated 
without  injury  to  the  company's  welfare, 
shall  have  power  to  investigate  and  bring 
efforts  of  conciliation  and  persuasion  to 
bear  upon  matters  that  may  come  into 
controversy  between  employees  and  em- 
ployers or  their  representatives,  and  shall 
be  entitled,  by  majority  vote,  to  make 
representations  and  offer  counsel  to  the 
board  in  matters  directly  relating  to  the 
working  arrangements  and  conditions  as- 
sociated with  the  colliery.  Furthermore, 
the  representatives  of  the  employees 
would  possess  the  privilege  of  summon- 
ing to  meetings  of  the  council,  whenever 
their  advice  was  desired,  the  officials  of 
their  trades  unions,  who  would  be  en- 
titled to  elicit  information  and  to  ad- 
dress the  council  on  the  subject  occupy- 
ing its  attention.  But  these  are  points  of 
detail  which  can  be  settled  in  conference 
subsequently,  should  you  and  your  fel- 
lows resolve  to  co-operate  in  the  execu- 
tion of  the  scheme  now  propounded. 


"5.  The  above  outlined  arrangement, 
alike  in  its  i)arts  and  in  its  cnurety,  is 
subject  to  the  cardinal  and  supreme  con- 
dition that  in  acquiescing  in  it  the  co- 
partners, while  accepting  the  hours, 
wages  and  other  conditions  of  labor  actu- 
ally secured  generally  by  the  emi)loyees' 
trade  unions  throughout  the  county, 
which  shall  govern  this  compact,  agree 
to  substitute,  on  the  one  part  for  that 
barbaric  instrument  the  strike,  and  on  the 
other  part  for  the  equally  out-of-date  in- 
strument the  lock-out,  conciliation  by  the 
Colliery  Council,  or,  this  failing,  arbi- 
tration by  a  court  of  representatives  of 
employers  and  employees,  and  presided 
over  by  the  County  Court  Judge  of  the 
district  or  his  nominee,  the  chairman  of 
such  court  to  be  regarded  as  final  arbiter 
in  all  matters  of  dispute. 

'The  single  sacrifice  you  would  make 
in  return  for  all  these  advantages  would 
be  the  sacrifice  of  the  power  to  go  on 
strike  whenever  a  bit  of  temper  seized 
you — for,  mark  you  well,  a  strike,  how- 
ever limited  in  its  character,  would  in- 
stantly bring  the  co-partnery  to  an  end, 
at  any  rate  so  far  as  concerned  the 
strikers,  who  would  cease  all  connection 
at  any  time  with  the  colliery,  the  term 
partnership  carrying  with  it. a  responsi- 
bility for  justice  to  the  interests  of  other 
partners  which  cannot  be  ignored." 


AMERICAN  CYANIDE    PRACTICE 


A    SUMMARY    OF    EQUIPMENT    AND    PRACTICE    IN    NINETEEN    OF    THE    LARGEST    MILLS    IN 

THE   UNITED   STATES   AND   MEXICO. 

S.  F.  Shazv — American  Institute  of  Mining  Engineers. 


ON  another  page  of  this  issue,  Mr. 
Arthur  Selwyn-Brown  gives  a 
general  review  of  modern  cyanid- 
ing  practice  and  machinery,  with  special 
reference  to  the  many  important  im- 
provements introduced  within  the  last 
few  years.  As  a  supplement  to  Mr. 
Brown's  discussion  we  present  a  number 
of  tables,  taken  from  a  paper  to  be  read 
by  S.  F.  Shaw  at  the  forthcoming 
Spokane  meeting  of  the  American  Insti- 
tute of  Mining  Engineers,  which  give  a 
summary  of  the  principal  details  of 
cyanide  practice  in  nineteen  of  the  lar- 
gest and  most  modern  mills  in  the 
United  States  and  Mexico. 


The  mills  chosen  bv  Mr.  Shaw  are 


10. 

n. 

12. 

13. 
14. 

If). 

1(5. 
17. 
IS. 
19. 


A  Colorado  mill,  the  name  of  which  he 

is  net  permitted  to  give. 
Combination,  Goldfield,  Ncv. 
Desert,  Millers.  Nev. 
Dos  Estrellas,  El  (^ro,  Mexico. 
¥A  Oro,  El  Oro.  Mexico. 
El  Rayo,  Santa  llarbara,  Chihuahua,  Mrx. 
Goldfield    Consolidated,    Goldticld,    Nev. 
Guanajuato    Consolidated,    Guanajuato, 

Mexico. 
Guanajuato  Development  Co.   (Pinguico 

Mill)   Guanajuato.  Mexico. 
Guanajuato    Reduction    and    Mines   Co., 

Guanajuato,  Mexico. 
Tlomcstake,    Lead.    S.    D. 
l.oreto    (Cia    Real     del     Monte     y     Pa- 

chuca").   Pachuca,   Mexico. 
Montana-Tonopah,   Tonopah,   Nev. 
Nortli   Star,  G-  ass   \aliey,  C..1. 
Palniarcjo,  Chiluiahua,  Mexico. 
San  Prospero,  Guanajuato,  Mexico. 
San    Francisco,    Pachuca,   Mexico. 
Standard.   Rodie.  Cal. 
\'eta  Colorado,  Parral,  Chihuahua,  Mex. 
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The  tables  following  give  the  details 
of  the  stamp  mill  equipment,  tube  mills, 
tables  and  vanners,  collecting  and  settling 
tanks,  leaching  tanks,  agitation  tanks 
and  filter  presses,  and  a  summary  of  the 
consumption  of  materials  per  ton  of  ore 
treated.  Mr.  Shaw's  paper  contains,  of 
course,  in  addition  to  the  tabular  data 
here  presented,  a  vast  amount  of  infor- 
mation regarding  minor  points  of  prac- 
tice at  the  various  mills  which  we  have 
not  space  to  reproduce.  In  conclusion, 
however,  he  gives  some  details  of  extrac- 
tion and  costs  which  we  may  summarize 
briefly. 

At  the  Colorado  mill  mentioned  above 
the  extraction  is  94  per  cent.  At  the 
Combination  mill  the  total  extraction  is 
94.8  per  cent,  divided  as  follows : 
plates,  42.5  per  cent;  concentrates,  22.3 
per  cent;  leaching,  14  per  cent,  and 
slimes,    16  per   cent.      The    total    costs 


(given  in  detail  by  Mr,  Shaw)  are  $4.04 
per  ton.  Detailed  costs  are  given  for 
the  Desert  and  Dos  Estrellas  mills,  the 
totals  being,  respectively,  $3,367  and 
$1,350  per  ton.  At  the  Guanajuato  Con- 
solidated, the  crushing  and  concentrating 
costs  are  $0.55,  and  the  cyaniding  costs, 
$1,615  per  ton,  a  total  of  $2,165.  The 
total  milling  and  cyaniding  costs  for  this 
mill  for  the  whole  year  1908  are  given 
as  $2.30  per  ton.  The  cost  of  cyaniding 
slimes  at  the  Homestake  is  given  as 
$0.2453.  At  the  Guanajuato  Reduction, 
the  gold  extraction  is  88  per  cent,  and 
the  silver  extraction  86  per  cent,  the 
cost  being  $1,575  P^''  ton.  At  the  Mon- 
tana Tonopah  the  total  cost  of  treatment 
is  approximately  $3.50  per  ton;  the  gold 
extraction  is  94  per  cent,  and  the  silver 
extraction  87  per  cent.  The  costs  for 
crushing,  concentrating  and  cyaniding  at 
the  North  Star  are  $0.85  per  ton. 


Name   of  Mill. 

Colorado      

Combination     

Desert     

Dos    Estrellas    No.    2 

El   Oro 

Goldfield  Consolidated.  .  .  . 
Guanajuato  Consolidated. 
Guanajuato        Development 

(Piuguico) 

Guanajuato     Reduction. 

Homestake     

Loreto 

Montana-Tonopah     .... 

North    Star    

San    Francisco    

Standard     

Veta    Colorado     


Table  I. 

Details 

OF   Stamps 

IN   Modern   M 

ILLS. 

Weight  of 

Height 

Duty  Per 

Life 

Life 

Life  of 

No.  of 

Stamps, 

of  Drop, 

Drops, 

24  Hr., 

Screen 

of  Die, 

of  Shoe 

,  Screen 

Stamps. 

Pounds. 

Inches. 

Per  Min 

Tons. 

Mesh. 

Days. 

Days. 

Days. 

60 

1,050 
1,200 

6  to  8 
6 

100 
108 

3.8 
4.5 

26 

50 
74 

112 
96 

3 

20 

10 

100 

1,050 

6 

104 

4.79 

12-14 

59 

76 

30 

120 

1.250 

6.5 

103 

4.2 

16&26 

65 

65 

2  to  5 

1  100 

1,000 

7.5 

104 

3.75  1      ,^ 

i  100 

1,150 

6 

102 

4.00 

1      "" 

100 

1,050 

.... 

108 

.... 

16 

80 

1,050 

7.5 

104 

3.6 

50 





30-35 

t 

40 

1.050 

6.5 

104 

6.25 

2,  4  &8 

160 

1,050 

7.5 

100 

3.1 

26 

1,000 

900 

10.5 

88 

4.0 

No.  8  slot 

40 

1,050 

106 

3.0 

16 

40 

1,050 

7 

100 

3.5 

20 

80 

1,050 

8 

96 

3.1 

20 

.... 

25 

30 

1,050 

6.5 

104 

20 

20 

1,000 
1,050 

4  to  6 

7 

96-106 

2.3 

30 
8-10 

57 

122 

55 

100 

Table   II.     Details  of  Modern   Tube-Mills. 

Size.  *    Pebbles. 


Lining. 


Name  of  Mill. 


.a  E 

^      ,  .      ^.                                 y  Abbe  1 

Combination     j  j^^^^  1 

Dos    Estrellas    AC.  5 

r  Abbe  2 

EI   Oro    {  ^™PP  ; 

j  Krupp  1 

[  Krupp  1 

Goldfield     Consolidated       ..Gates  6 

Guanajuato    Reduction..    ..Abbe  2 

J        .                                           f  Abbe  2 

Lo'-eto     {  Krupp  1 

Montana-Tonopah     uates  2 

North    Star    Abbe  1 

San    Francisco    Krupp  — 

Standard     Gates  1 

Veta  Colorado    5 


Sh 

Ph 

cJi 

c 

s 

Ph 

So 

o 

u 

u 

en 

K 

c  o  c 

a 

.c 

Ch 

T,  o 

u 

C  u   3 

3T3 

B 

bo 

> 

rtK 

c 

C 

en  C 
C   3 

P 

o 

tin 

s 

O  W  o 

;4 

UCU 

4  ft. 

16  ft. 

26 

30 

?Jf 

Danis 

h  2.4 

Silex 

1.2 

4  tt 

12  ft. 

26 

24 

14  5 

5  ft, 

24  ft. 

26 

121 

^5 

Quartz     .  . . 

El  Oro 

0.84 

4  ft. 

6 

in. 

19  ft.  6 

in. 

31 

100 

50" 

3  ft. 

11 

in. 

19  ft.  6 

in. 

31 

110 

48  1 

.    8.4 

El  Oro 

1.0 

4  ft. 

11 

in. 

23  ft. 

2b 

190 

80  f 

4  ft. 

11 

in. 

26  ft. 

27 

275 

87  j 

5  ft 

22  ft. 

4  ft. 

6 

in. 

20  ft. 

•• 

80 

43 

Danish  0.75 

Silex 

5  ft 

22  ft. 

27 

52 

42.5 

.    2.22 

Silex 

4  ft 

6 

in, 

20  ft. 

20 

30 

16 

Quart 

z  40     Chl'd    Ir 

4  ft 

3 

in. 

1  3  ft.  1 

in. 

29 

Danis 

h     ... 

El  Oro 

5  ft 

22  ft. 

24 

i25 

50 

Danis 

h  3.0 

S.  Steel 

0.5 

5  ft. 

14  ft. 

Ch.     Stl 
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Tahi.f.   III.      Dr-.TAii.s  of  Tabi.f.s  and  Vannf.rs. 


Name    of     Mill.  Tabks. 

Colorado     11 

Combination     

Desert      25 

El    Rayo     

Cioldfield   Consolidated 70 

Guanajuato   (consolidated 10 

(Juanajuato    Reduction 32 

Loreto     8 

Montana-Tonopah     8 

North    Star    9 

San    Francisco    0 

Veta    Colorado     24 

San    Prospero     8 


Recovery,  P.  C. 
\'anners.  Concentration  Ratio,      iilver.  Gold. 


30 
7 
9 

16 

13 
18 
30 
10 


13-18  to  1 
40  to  1 
90  to  1 


50  to  1 


230  to  1 


22.3 
15.63  130.32 


31.0 


50 
I  28.0 


24 


Table   IV.      Details   of  Collectinc-  and  Settling-Tanks. 


Name    of   Mill.  Number. 

Sands. 

[^ 

Colorado      S  4 

u 

Desert     ,  .  4 

Dos    Estrellas     8 

Guanajuato   Reduction    3 

North     Star     G 

Palmarejo      1 

Slimes,  settling. 

Combination    jo 

Desert     4 

Dos    Estrellas     cone 

El    Oro    4 

Goldfield    Consolidated     16 

Guanajuato  Consolidated    |     o 

Guanajuato    Development 5 

Guanajuato    Reduction     3 

Homestake jo 

Montana-Tonopah      3 


Capacity 
Per  24  Hr., 

Total  Capacity, 

Size,  Feet. 

Cu.  Ft. 

Cu.  Ft.  Per  To 

40  by    6  1 

23  by    6  \ 

38,247 

165 

30  by    8  1 

33  by    7.5 

25,659 

80 

22  by    7 

21,288 

110 

40  by    8 

30,159 

139 

1 4  by  1 0 

8,640 

170 

100  by  80 

32,000 

12  by    6  ) 
16  by    9  j 

6,333 

97 

36  by  20 

81,430 

480 

34  by  35 

10,592 

28 

36  by  20 

81,430 

215 

29.5  by  12 

131,230 

230 

9  by  9  by    8  / 
8  bv  8  by  30  ) 

18,432 

125 

30  by  11.5 

40,644 

225 

18  by  22 

16,797 

70 

18  by  20  \ 
26  by  20  ] 

141,372 

90 

30  by  10 

21,206 

150 

Table   V.      Details  of  Leaching-Tanks. 

Total  Capacity  Time  of 

Number  S'ze  of               Capacity,         Per  24  lir.,  Treatment, 

Name    of    Mill.                                                 of  Tanks.  Tanks,  Feet.       Cubic  Feet.  Tons.  Hours. 

[3  40  by  6  ] 

Colorado    -^4  23  by  6  }-            38,247  165 

[1  30  bv  8  J 

Combination 16  16  by  5                   16,085  180  288 

Desert     18  33  by  8                123,161  335  305 

Dos    Estrellas     12  36  by  5.5                67,176  385  184 

El     Oro      12  40bv6.5               98,018  165  360 

El     Rayo     25  by  6                 210 

Guanajuato    Consolidated    |  ^5  26  b^  6  (               66,367  490  336 

Guanajuato      Development      14  29.5  by  5                   47,845  190 

Guanajuato    Reduction     15  40  by  8                150,795  580  480 

Homestake 14  44  by  9                191.587  80  120 

North    Star     0  23  by  8                  17,500  290  168 

a    Used   for  collecting-tanks   also. 


Table  VI.     Details  of  Agitation-Tanks. 

Name   of  Mill.                                                               No.  of  Size,  Ft. 

Tanks. 

Combination     \        I  ^^  by  18  J 

{         2  10  by  14  j 

Desert      7  36  by  20 

I'-'^««''-     I       'I  ll^y\l\ 

El   Oro    15  34  by  12 

El    Rayo     :i5  by  1 0 

Goldfield   Consolidated 10  15  by  45 

Guanajuato  Consolidated    14  30  by  10 

Guanaj  uato    Reduction 13  36  by  1 2 

Loreto     27  30  by  10 

Montana-Tonopah     6  17  by  — 

North    Star    2  8  by    7 

San    Francisco    5  1 5  by  45 

S-dard    {        I  J^bv.l} 

Veta   Colorado    14  15  by  4a 


Total 

Capac 

itv  Pe 

r  Time  of 

Capacity, 

Ton 

Slime, 

Agitation, 

Cu.  Ft. 

Cu 

.  Ft. 

Hours. 

4,234 

65 

16 

142.500 

838 

30 

24  3,290 

750 

13.6 

163,440 

270 

56 
24 

62.500 

110 

98.960 

6G0 

300 

158.789 

660 

72 

190.852 

1.270 

54 
88 

1,500 

io 

31.250 

24 

36.264 

290 

18 

87,500 

175 

[est.) 
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Table  VII. 

Name    of   Mill.  Make 

of  Press. 

Combination     Butters 

i>esert     Butters 

Dos    Estrellas    Burt 

El    Rayo     ": Butters 

( .oldfield    Consolidated    Butters 

Guanajuato   Development But'ers 

Guanajuato  Reduction Butters 

Homestake      Merrill 

Liberty   Bell    Moore 

Loreto     Butters 

Montana-Tonopah     Butters 

North    Star    Oliver 

San    Francisco    Butters 

Standard     Moore 

Veta    Colorado    Ridgway 


Details  of  Filter-Presses. 


No. 

54 
172 

70 

60 
336 

80 

75 

2208 

268 

104 

144 

r 

■•■•I 

"96 
130 


Size  of 

Leaf,  Ft. 

5  by  10 

4.3  by  9.75 

28.3  sq.   ft. 

5  by  10 

5  by  10 

5  by  10 

5  by  10 

4  by    6 

6  by    8 

5  by  10 
5  bv  1  0 

10  by  7  ft.  1 

Involving     \ 

drum.       I 


Total  Area, 
Sq.  Ft. 

4,708 
14,448 

1,984 

5,100 
28,560 

6,800 

6,375 
52,992 
21,869 

8,840 
12,240 

220 


5  by  1 6 
4  sq.   ft. 


12,240 
520 


Area  Time 

Per  Ton,  of  Cycle, 

Sq.  Ft.     Hours. 


72 
84 

146 
50 
97 
40 
32 
62 
74 
85 

4.4 


(est.) 


227 

180 

37 

240 

180 
90 
600 
135 
120 


5.5 


180 
111       360 
l(est.) 


Table    VIII.      Consumption    of  .Materials    Per    Ton  of   Ore  Treated. 


Name    of    Mill.  Die,  Lb. 

Colorado 

Combination 

Desert 0.53 

Dos  Estrellas 

El  Oro   (sand)    

El  Oro  (slime) 

El  Rayo    

Guanajuato   Consolidated 

Guanajuato  Reduction 

Homestake    (slime)    

Loreto    

Montana-Tonopah     

North  Star 

Standard    I.IG 


Tube- 
Shoe,  Lb.   Pebbles, 
Lb. 


4.8 


Mill._ 
Lining, 
Lb. 

'  V.2 


1.0 


0.03 


2.22 

40.0 

3.0 

"  NaCN. 


0.5 


KCN, 

Lb. 

0.93 

2.10 

3.41 

1.17« 

2.8 

0.75 

5.0 

5.15 

1.70« 

0.31 

2.2« 

2.8 

0.5 

1.16" 


Zn, 
Lb. 
0.53 
0.98 
1.82 
1.07 
1.2 

1.2 
1.3 

0.13 

0.97 
0.33 
0.6 


CaO,  Pb.(C2H3  0,): 
Lb.  Lb. 


2.1 
8.0 

14.92 
9.78 

12.0 

16.0 
6.0 

4.5 
8.8 
9.2 
4.0 
7.5 


0.005 
0.5 
0.62 
0.13 


0.28 


THE  ECONOMY  OF  MARINE  PRODUCER-GAS  POWER. 

a  report  of  remarkable  fuel  economy    in    a    trial    run    of    the  motor  boat 

"marenging." 

International  Marine  Engineering. 


A  SMALL  motor  boat  built  during  the 
past  year  for  Mr.  H.  L.  Aldrich, 
publisher  of  International  Marine 
Engineering,  has  recently  given  a  con- 
clusive demonstration  of  the  feasibility 
of  using  producer-gas  power  in  vessels  of 
small  size.  Mr.  Aldrich  has  been  for 
years  a  firm  believer  in  the  applicability 
of  the  gas  producer  and  engine  to 
marine  power  plants  of  from  25  to  500 
horse  power;  the  Marenging  was  built 
with  the  special  purpose  of  investigating 
whether,  within  the  limits  of  space  and 
weight  available  in  an  ordinary  com- 
mercial marine  power  plant,  an  eco- 
nomical and  satisfactory  producer  and 
engine  unit,  using  ordinary  coal  as  fuel, 
could  be  installed.  The  results  of  a 
trial  run  of  nearly  300  miles,  which  show 
a    remarkable    fuel    economy    for    a    35 


horse  power  plant,  are  published  in 
International  Marine  Engineering  for 
August. 

"The  boat  is  40  feet  long  over  all,  with 
a  beam  of  9  feet,  and  a  mean  draft  of 
3  feet  6  inches,  and  is  driven  by  a  four- 
cylinder,  four-cycle  engine,  with  cylin- 
ders 534  inches  in  diameter  by  6  inches 
stroke,  which  turns  from  400  to  500 
revolutions  per  minute.  The  engine  is 
fitted  with  a  reversing  gear,  mounted 
in  an  extension  of  the  main  bed,  and 
drives  a  solid  three-bladed  bronze  pro- 
peller 24  inches  in  diameter. 

*'The  engine  used  on  this  boat  is  a 
regular  stock  motor,  designed  for  using 
gasoline,  the  only  changes  made  for 
producer  gas  being  in  the  nature  of  con- 
siderably higher  compression  than  is 
ordinarily  met  in  gasoline  engines.     The 
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inlet  and  cxliaust  valves  and  piping  on 
this  engine  were  exceptionally  large,  so 
that  no  changes  were  necessary  on  these 
parts.  For  the  most  successful  operation 
on  producer  gas,  the  compression  in  the 
engine  should  be  about  150  pounds  per 
square  inch.  With  this  particular  engine 
it  was  impossible  to  get  much  over  100 
pounds,  and,  therefore,  the  results  were 
not  as  good  as  could  be  expected  with 
an  engine  especially  designed  for  the 
service. 

"No  attempt  has  been  made  to  carry 
out  tests  involving  extreme  refinement 
because  the  inadequacy  of  the  engine 
would  make  such  tests  of  little  value. 
What  has  been  shown,  however,  is  the 
fact  that  marine  producer-gas  plants  can 
be  successfully  operated  with  remarkable 
economy.  This  has  been  v^ell  demon- 
strated to  the  satisfaction  of  the  owner 
and  many  marine  engineers  and  naval 
architects  who  have  seen  the  plant  in 
operation.  Compared  with  a  steam- 
power  plant,  this  boat  has  shown  re- 
markable economy,  averaging  a  horse- 
power an  hour  on  slightly  over  a  pound 
of  coal.  In  regular  service  the  boat 
covers  between  800  and  900  miles  on  a 
ton  of  anthracite  pea  coal,  costing  (de- 
pending upon  where  the  coal  is  pur- 
chased) between  $3.50  (14  shillings)  and 
$5.00  (21  shillings).  This  amount  of 
coal  covers  the  banking  of  fires  and 
starting  up  at  frequent  intervals.  If  the 
boat  were  started  out  on  a  continuous 
run,  it  is  believed  that  it  would  make 
practically  a  thousand  miles  an  a  ton, 
of  coal.  The  average  speed  of  the  boat 
is  between  8  and  9  miles  an  hour. 

"Such  a  non-stop  run  was  attempted 
on  July  9,  the  boat  leaving  the  Hudson 
River  Yacht  Club,  at  the  foot  of  West 
Ninety-second  street,  New  York  City,  at 
4.48  p.  m.,  bound  up  the  Hudson  ELiver 
to  Albany  and  return,  a  distance  of  275 
miles.  Unfortunately,  considerable  trouble 
was  encountered  in  navigating  the  boat 
in  certain  parts  of  the  river  during  the 
night,  as  large  quantities  of  eel  grass 
and  weeds  grow  near  the  sides  of  the 
channel,  in  which  the  propeller  became 
fouled  a  number  of  times,  causing  un- 
avoidable shut-downs.  Two  such  mis- 
haps on  the  way  to  Albany  delayed  the 
boat  for   from  ten  minutes  to  an  hour 


each  time,  and  the  same  difficulty  was 
encountcrccl,  to  a  certain  extent,  on  the 
return  trip,  preventing  a  strictly  non- 
stop run.  The  results,  however,  even 
considering  the  shutting  down  and  bank- 
ing of  fires,  must  be  considered  remark- 
able. 

"The  summary  of  the  trip  is  as   fol- 
lows: 

July  9,   4.48  p.  M.,  started  from  Hudson   River 
Yacht   Club    dock. 

July    10,    3.30    P.    M.,    arriv-d    first    bridge    at 
Albany. 

July    10,    3.32    P.   M.,   started   for   New   York. 

July    11.    10.15    A.    M.,    arrived    Hudson    River 
Yacht  Club   dock. 

Total    mileage 275 

Pounds  coal   burned  to  Albany 351 

Pounds  coal  burned  to  New  York 285 

Total  pounds  coal  burned  for  trip 636 

Time  to  Albany 22   hours  42   minutes 

Time  to  New  York 18  hours  43  minutes 

Time  for  entire  trip 41   hours  25  minutes 

Pounds  of  coal  burned  per  mile  to  Albany..  2.55 
Pounds  of  coal,  burned  per  mile  to  N.  Y.. ..  2.07 
Pounds  of  coal  burned  per  mile  entire  trip..  2.31 
Pounds  of  coal  burned  per  hour  to  Albany.  .15.45 
Pounds  of  coal  burned  per  hour  to  N.  Y. ...15.20 
Pounds  of  coal  burned  per  hour  entire  trip.. 15, 32 

"One  of  the  principal  objects  in  view 
when  this  boat  was  brought  out  was  to 
demonstrate  to  the  owners  of  coastwise 
schooners  in  the  lumber,  coal,  and  other 
trades,  also  to  the  owners  of  fishing 
boats,  oyster  boats,  and  owners  of  yachts 
requiring  less  than  500  horsepower,  the 
fact  that  producer  gas  has  many  striking 
advantages  over  either  steam  or  gaso- 
line. A  producer-gas  plant  can  be  in- 
stalled on  a  fore-and-aft-rigged  vessel  at 
small  expense,  and  can  be  operated  at 
very  slight  cost.  The  cost  of  operation 
with  anthracite  coal  costing  about  $4 
(16  shillings)  per  ton,  as  shown  by  tests 
made  on  the  motor  boat  Marcnging,  is 
practically  one-tenth  of  what  the  cost 
would  be  if  gasoline  were  used  at  a  cost 
of  15  cents  {yYz  pence)  per  gallon.  As 
a  matter  of  fact,  gasoline  can  seldom  be 
bought  at  this  price,  and  in  many  places 
it  costs  twice  as  much,  so  that  the  great 
economy  of  the  producer-gas  plant  over 
a  plant  operated  on  gasoline  is  evident. 

"As  compared  with  a  steam  plant,  the 
producer-gas  plant,  judging  from  the  re- 
sults obtained  with  Marcnging,  can  show 
a  decided  increase  in  economy  over  a 
steam  plant,  since  a  horse  power  an  hour 
can  be  obtained  on  slightly  over  one 
pound  of  coal;  whereas  in  the  ordinary 
tugboat  using  high-pressure  steam  it  is 
doubtful  if  a  horsepower  an  hour  is  ob- 
tained on  much  less  than   5  pounds  of 
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coal.  On  large  steamships  and  warships 
a  steam-power  plant  shows,  of  course, 
better  economy  than  a  tugboat,  a  horse 
power  an  hour  being  obtained  on  an 
average  of  from  i%  to  2  pounds  of  coal. 
A  saving  of  from  25  to  50  per  ^ent  in 
such  plants,  however,  means  a  large  sum 
of  money. 

"Another  advantage  which  should  re- 


commend this  type  of  installation  as  an 
auxiliary  in  coastwise  schooners  and  the 
like,  is  the  ease  of  operation.  Any  man 
who  can  take  proper  care  of  an  internal- 
combustion  engine  can,  without  any  diffi- 
culty whatever,  manage  a  producer-gas 
plant.  It  requires  little,  if  any,  more 
skill  to  manage  such  a  plant  than  it  does 
to  manage  an  ordinary  kitchen  range." 


A  TRAIN  FERRY  SYSTEM  BETWEEN  GERMANY  AND  SWEDEN. 

A    BRIEF   DESCRIPTION    OF   THE    NEW    RAILWAY   TRAIN    FERRIES    BETWEEN    SASSNITZ    AND 

TRELLEBORG. 

The  Engineer. 


THE  inauguration  on  July  7  of  a 
train-ferry  service  between  Sass- 
nitz,  Germany,  and  Trelleborg, 
Sweden,  the  joint  enterprise  of  the  Ger- 
man and  Swedish  Governments,  marks 
the  beginning  of  a  new  era  in  the  de- 
velopment of  transit  facilities  between 
continental  Europe  and  the  Scandina- 
vian peninsula.  Direct  communication 
between  these  two  points,  which  are 
separated  by  a  65-mile  stretch  of  the 
Baltic,  has  been  maintained  by  a  fleet 
of  modern  freight  and  passenger  steam- 
ers. Within  the  last  ten  years  the  pas- 
senger traffic  on  this  line  has  nearly 
doubled,  but  the  freight  traffic  has  al- 
ways been  comparatively  unimportant 
and  has  failed  to  show  a  corresponding 
increase.  This  has  been  attributed  in 
great  part  to  the  competition  of  the 
Gjedser-Warnemiinde  car- ferry  service 
between  Germany  and  Denmark,  which, 
in  connection  with  two  car-ferry  routes 
between  Denmark  and  Sweden,  main- 
tains a  daily  through  service  between 
Berlin  and  Copenhagen.  The  volume  of 
freight  traffic  between  continental 
Europe  and  Sweden  and  Norway  has 
now  reached  considerable  proportions  and 
the  substitution  of  a  train-ferry  serv- 
ice for  the  steamship  connection  between 
Sassnitz  and  Trelleborg  has  been  based 
on  very  favorable  prospects  of  attract- 
ing to  the  new  line  a  large  amount  of 
through  freight  business.  Two  ferry 
steamers  each  have  been  built  by  the 
Swedish  and  Prussian  State  Railways, 
two  for  ordinary  traffic  and  two  for  re- 
serve. They  are  designed  to  make  the 
trip  in   four  hours.     While  this  repre- 


sents no  saving  in  time  over  the  steam- 
ship service,  a  considerable  improvement 
has  already  been  made  in  through  rail- 
way service  between  Berlin  and  Stock- 
holm and  It  is  expected  that  the  through 
service  will  soon  be  extended  to  other 
points.  The  following  data  on  the  engi- 
neering features  of  the  new  system  are 
taken  from  articles  in  The  Engineer  for 
July  16  and  30. 

"In  connection  with  the  establishment 
of  the  new  service  special  rolling  stock 
has  been  introduced,  and  at  the  outset 
45  new  passenger  coaches,  comprising 
sleeping,  baggage  and  mail  vans,  have 
been  provided,  of  which  number  30  have 
been  built  at  various  Swedish  works  for 
the  Swedish  State  Railways.  These 
vehicles  are  of  the  most  modern  design, 
and  have  cost  about  £3,000  each.  They 
are  all  built  to  suit  the  loading  gauge  of 
the  Prussian  State  Railways,  which  is 
somewhat  less  than  that  of  the  Swedish 
State  Railways.  The  scheme  also  in- 
volved considerable  additions  and  im- 
provements at  the  harbours  at  Sassnitz 
and  Trelleborg  and  the  construction  of 
special  train-ferry  basins  and  piers  at 
both  places,  in  addition  to  deepening  and 
dredging  operations.  At  Sassnitz  the 
work  is  being  carried  out  on  behalf  of 
the  German  Government,  and  it  is  inti- 
mated that  the  alterations  there  will  in- 
volve an  expenditure  of  £230,000.  At 
Trelleborg  the  piers  are  being  extended, 
new  lighthouses  have  been  erected,  and 
the  inlet  deepened  to  23  feet,  and  the 
width  of  entrance  increases  to  167  feet. 
The  cost  of  the  new  works  at  Trelleborg 
harbour  is  estimated  to  be  about  £120,000 
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and  the  scheme  is  being  undertaken  by 
the  local  authority,  with  special  Gov- 
ernment aid. 

"All  four  ferryboats  are  from  the  same 
general  outline  and  have  the  same  length 
(370  feet)  and  beam  (51  feet)  and  other 
overall  dimensions,  consequently  there  is 
practically  no  difference  in  the  lay-out 
of  the  quays  and  landing  stages,  and  for 
the  purposes  of  the  present  notice  those 
at  the  Trelleborg  harbour  may  be  briefly 
referred  to.  The  appliances  used  for  the 
transfer  of  railv^ay  trains  may  be  di- 
vided into: — (a)  the  landing  berth,  and 
(b)  the  connecting  link  between  the  land 
railway  line  and  the  ship  railway  line. 
The  landing  berths  consist  of  stone  piers, 
lined  with  wooden  piles,  so  as  exactly  to 
suit  the  form  of  the  vessel.  The  wooden 
pile  structure  is  connected  with  the  stone 
piers  by  a  series  of  iron  spring  buffers. 
Upon  reaching  the  basin  the  ship  strikes 
against  the  wooden  piles  on  one  side; 
these  yield,  owing  to  the  spring  buffers, 
and  ricochet  her  gently  to  the  piles  on 
the  other  side,  until  the  vessel  is  grad- 
ually brought  to  rest,  firmly  embedded  in 
the  structure  of  the  wooden  piles.  The 
connecting  link  between  the  land  railway 
and  the  rails  on  the  ship  consists  of  a 
bridge  of  steel  construction,  ordinary 
open  girder  work,  160  feet  in  length,  and 
consisting  of  two  portals,  hinged  at  one 
end,  with  another  hinge  in  the  middle,  so 
that  the  outer  hinge  only  is  used  under 
ordinary  conditions.  At  the  sea  side  the 
bridge  is  provided  with  a  large  steel  bolt, 
which  fits  into  a  hole  in  the  stern  of  the 
ferryboat,  and  thus  rigidly  maintains 
strict  alignment  between  the  land  rails 
and  ship  rails.  The  time  occupied  by  the 
electrically-controlled  hoist  in  raising  the 
bridge  from  its  lowest  to  highest  point — 
18  feet — is  about  2^  minutes,  and  the 
time  occupied  in  lowering  it  the  same 
distance  is  30  seconds.  When  no  vessels 
are  in  the  basins  the  bridges  are  each 
maintained  at  their  highest  point,  so  as 
to  be  ready  for  lowering  on  to  the  stern 
of  the  train-ferry  when  it  arrives.  In 
this  portion  of  the  Baltic  Sea  there  is  no 
tide  of  any  importance,  but  there  is  a 
variation  in  the  level  of  the  water  at 
Sassnitz  and  Trelleborg  of  about  seven 
feet,  on  account  of  the  winds.  No  diffi- 
culties have  arisen  in  embarking  or  dis- 


embarking of  the  railway  vehicles,  and 
experience  gained  has  already  demon- 
strated the  practicability  of  tra.isferring 
eight  heavy  bogie  coaches  either  from 
ship  to  shore  or  vice  versa,  within  a 
period  of  fifteen  minutes  from  the  time 
of  arrival  of  the  ferry  at  the  basin  or  of 
the  train  at  the  landing  berth.  Pending 
the  completion  of  the  second  ferry  of  the 
Swedish  Government,  the  service  is  at 
present  being  performed  by  two  of  the 
train-ferries,  with  the  second  German 
vessel  held  in  reserve. 

"The  steamships  which  have  been  spe- 
cially built  for  the  new  joint  railway 
train-ferry  service  of  the  German  and 
Swedish  Governments,  are  of  outstand- 
ing interest,  and  no  other  railway  car- 
ferries  in  Europe  or  America  are  com- 
parable to  them  in  point  of  size,  speed, 
accommodation  and  the  provision  of 
safety  precautions.  The  Drottning  Vic- 
toria, which  was  recently  built  in  Eng- 
land, for  the  Swedish  Government  may 
be  taken  as  typical  of  the  ferry  fleet.  In 
the  consideration  of  the  dimensions  and 
proportions  of  the  Drottning  Victoria 
the  necessity  for  having  a  very  steady 
vessel  at  sea  was  of  prime  importance, 
and  a  special  feature  of  the  form  of  ship 
is  the  provision  of  deep  bilge  keels  in 
order  to  minimize  any  rolling  tendencies. 
Briefly  described,  the  Drottning  Victoria 
is  370  feet  long  and  51  feet  in  the  beam, 
and  she  is  fitted  with  triple-expansion 
engines  of  sufficient  power  to  enable  her 
to  cover  the  65  miles  between  Sassnitz 
and  Trelleborg  within  four  hours.  The 
trains  enter  the  after  end  of  the  ship 
from  a  specially  constructed  quay  and 
landing  stage  made  exactly  to  suit  the 
form  of  the  vessel,  and  thus  ensure  per- 
fectly smooth  running  and  safety  in  em- 
barking and  disembarking.  A  complete 
train  of  eight  bogie  vehicles  may  be  ac- 
commodated on  board  on  two  parallel 
lines  laid  to  a  gauge  of  1.435  nietres,  and 
each  having  an  effective  length  of  295 
feet.  During  shipment  complete  steadi- 
ness is  secured  by  a  system  of  trimming 
tanks. 

"Upon  arrival  on  the  car  deck,  the 
vehicles  are  secured  to  the  deck  by  means 
of  specially  desigr-cd  screws,  spaced  at 
intervals  of  8  feet  8  inches  on  the  out- 
side, and  at  intervals  of  4  feet  4  inches 


994 


THE  ENGINEERING  MAGAZINE. 


in  the  centre  of  the  track.  These  are  at- 
tached to  gun-metal  shackle  plates,  and 
then  screw  jacks  are  placed  under  the 
cars  to  relieve  the  car  springs.  As  a 
special  precaution  during  heavy  seas, 
provision  is  made  for  an  additional  screw 
attachment,  extending  from  the.  top  of 
the  cars  to  the  fore  and  aft  girders  of 
the  structure  of  the  vessel.  The  car  deck 
is  built  so  as  to  accommodate  vehicles 
having  a  height  of  15  feet  3  inches,  and 
a  width  of  II  feet  2  inches — the  maxi- 
mum loading  limits  of  the  Prussian  and 
Swedish  State  Railways. 

"The  propelling  machinery  of  the 
Drottning  Victoria,  consists  of  twin- 
screw  triple-expansion  engines,  with  four 
boilers  working  under  forced  draught, 
16  feet  4  inches  diameter  and  12  feet 
long.  Air  is  supplied  to  the  boilers  by  a 
fan  102  inches  in  diameter.  The  steam 
pipes  of  the  main  engines  are  of  steel 
passing  through  separators.  The  main 
engines  are  of  the  following  diameters: 
23>4  inch,  38}^  inch,  62,  inch  and  36  inch 
stroke,  working  at  a  pressure  of  185 
pounds  per  square  inch.  The  condensers 
are  independent  and  are  of  circular  f  3rm, 
carried  upon  the  back  column,  each  being 
served  by  a  large  pump  fitted  with  double 
engines.  Worked  from  the  main  engines 
is  an  air  pump  and  bilge  and  sanitary 
pumps.  The  feed  pumps  are  independent 
of  the  main  engine.  The  discharge  from 
each  air  pump  is  led  into  large  hotwell 
tanks,  arranged  to  filter  the  water  pre- 


vious to  reaching  the  feed  pump.  An  ash 
ejector  is  fitted  in  each  stokehold  for  the 
discharge  of  ashes.  The  engines  are  fitted 
with  Aspinall's  governors,  and  amongst 
other  auxiliary  machinery  are  two 
large  evaporators  and  feed  and  ballast 
donkeys.  The  trimming  tanks,  one  being 
fitted  on  each  side  of  the  vessel  abreast 
of  the  boilers,  have  each  a  maximum 
capacity  of  90  tons,  and  there  is  provided 
in  connection  with  these  a  15  inch  centri- 
fugal pump,  which  quickly  empties  and 
fills  the  tanks,  so  as  to  counteract  the 
load  on  one  of  the  lines  of  the  car  deck. 
"Apart  from  the  system  of  shipping 
the  vehicles  on  a  separate  deck,  the  de- 
sign of  the  Drottning  Victoria  is  of  spe- 
cial interest,  inasmuch  as  besides  being  a 
car  ferry,  she  is  provided  with  passen- 
ger accommodation  but  rarely  equalled  in 
cross-Channel  steamers,  and  is  in  every 
respect  a  first-class  passenger  steamship 
having  dining-room,  saloon,  smoking- 
room,  lounge,  ladies'  room,  and  regal 
apartments,  all  on  the  promenade  deck, 
while  below  the  car  deck  there  is  sleeping 
accommodation  for  no  fewer  than  96 
first-class  and  45  third-class  passengers. 
In  the  case  of  the  night  services  between 
Berlin  and  Stockholm,  it  is  probable  that 
the  occupants  of  the  sleeping  cars  will- 
not  think  it  worth  while  to  leave  them ; 
but  as  amongst  the  traveling  public  there 
will,  no  doubt,  be  some  who  prefer  to 
move  about,  spacious  accommodation  is 
provided  to  meet  their  various  needs." 


THE  FIXATION  OF  ATMOSPHERIC  NITROGEN. 

THE      PRODUCTION      OF     ARTIFICIAL      NITRATES      BY     THE      PROCESS      OF     THE      BADISCHE 


ANILIN-    UND 

Dr.  A.  Bernthsen — International 

A  PROCESS  for  the  manufacture  of 
artificial  nitrates  from  the  air, 
which,  like  the  Birkeland-Eyde 
process  described  in  these  columns  in 
our  last  number,  utilizes  the  electric  arc 
for  the  production  of  oxides  of  nitrogen, 
but  is  fundamentally  dissimilar  to  the 
latter  in  other  respects,  has  recently 
been  perfected  by  the  BadiLclve  Anilin- 
und  Soda-Fabrik  and  is  being  applied 
commercially  on  a  large  scale.  A.  full 
technical  account  of  the  process  will  be 
found   in   a   paper   by   Otto    Schonherr, 


SODA-FABRIK. 

Congress  of  Applied  Chemistry. 

printed  in  the  Elektrotechnische  Zeit- 
schrift  for  April  22  and  29.  The  essen- 
tial detads  are  described  in  the  following 
extracts  from  a  paper  by  Dr.  A.  Bernth- 
sen, read  before  the  recent  International 
Congress  of  Applied  Chemistry,  which 
we  have  chosen  for  review  because  of  its 
more  direct  comparison  of  the  two  lead- 
ing processes  for  the  manufacture  of 
"air-saltpetre."  , 

"The  Badische  Anilin-  und  Soda- 
Fabrik,  after  manufacturing  indigo  on 
a  commercial   scale,  have   recently  paid 
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special  attention  to  the  new  problem.  As 
the  result  of  these  labours,  Otto  Schon- 
herr  succeeded  in  1905  in  discovering, 
and  with  the  assistance  of  the  engineer 
Hessberger,  working  out,  a  process  of 
producing  an  electric  arc,  and  was  thus 
enabled  to  solve  the  problem  in  a  sur- 
prisingly simple  manner,  presenting  con- 
siderable advantages  over  the  method  of 
Birkeland  and  Eyde.  It  is  not  a  mere 
modification  of  their  process,  as  has 
sometimes  been  falsely  assumed,  but  dif- 
fers fundamentally  from  it,  for  while 
Birkeland  and  Eyde  cause  the  electric 
discharge  to  burn  in  a  strong  magnetic 
field,  and  thus  spread  it  out  in  the  shape 
of  a  flat,  more  or  less  circular  disc, 
Schonherr  dispenses  entirely  with  mag- 
nets and  magnetic  fields,  and  produces 
his  arc  inside  an  iron  tube  of  compara- 
tively small  diameter,  at  the  same  time 
passing  the  air  through  the  tube,  and 
thus  bringing  it  into  contact  with  the 
arc.  The  manner  in  which  the  arc  is 
developed  is  in  itself  very  peculiar  and 
interesting.  The  iron  tube,  or  arc  tube, 
as  it  is  designated,  contains  an  insulated 
electrode  at  one  end,  and  can  itself  serve 
as  the  second  electrode.  The  arc,  at  its 
formation,  springs  from  the  insulated 
electrode  to  an  adjacent  part  of  the  arc 
tube,  which  is  only  a  few  millimetres 
away,  but  the  air,  which  is  passing 
through  the  tube,  being  preferably  intro- 
duced with  a  tangential  or  rotary  mo- 
tion, immediately  carries  the  end  of  the 
arc  along  the  wall  of  the  tube,  so  that 
it  either  enters  the  tube  at  a  considerable 
distance  from  the  electrode,  or  ends  on 
a  special  electrode  placed  for  the  pur- 
pose, say,  at  the  other  end  of  the  arc 
tube.  A  slight  modification  consists  in 
using  an  arc  tube  of  non-conducting  ma- 
terial, and  inserting  in  it  a  wire-spiral 
along  which  the  end  of  the  arc  can 
travel,  or  providing  other  means  for 
bringing  about  the  initial  formation  of 
the  arc.  In  each  case,  a  column  of  arc 
flame  is  obtained,  burning  quietly  in  the 
axis  of  the  tube,  and  surrounded  by  the 
air  which  is  being  passed  through  the 
tube.  The  arc,  as  seen  through  a  mica- 
covered  opening,  emits  an  intense  light, 
and  is  quiet  stable,  as  opposed  to  arcs 
which  are  formed  in  the  open  air,  since 
these    latter    are    easily    extinguishable. 


The  air  passing  through  the  tube  comes 
into  contact  with  the  arc,  becomes  par- 
tially converted  into  nitric  oxide,  and  is 
then  rapidly  cooled  down  by  contact  with 
the  outside  layers  of  air,  and  consequent- 
ly a  decomposition  back  again  to  nitro- 
gen and  oxygen  is  avoided.  The  cooling 
action  is  still  further  increased  by  sur- 
rounding the  upper  end  of  the  arc  tube 
with  running  water,  after  the  manner  of 
the  Liebig's  condenser.  The  bases  leav- 
ing the  tube  contain  about  2  per  cent  of 
nitric  oxide — that  is,  they  are  from  one 
and  a  half  times  to  nearly  twice  as  con- 
centrated as  the  gases  which  Birkeland 
and  Eyde  produce. 

"The  method  of  introducing  the  air 
can  be  very  varied.  For  instance,  in- 
stead of  the  air  being  passed  in  its  en- 
tirety into  the  space  between  the  elec- 
trode and  the  wall  of  the  tube,  it  can  be 
introduced  partly  or  wholly  into  the  tube 
at  other  points  above  or  below  the  elec- 
trode, and  it  can  be  made  to  enter  the 
tube  either  through  one  or  more  open- 
ings or  through  a  number  of  open- 
ings which  are  distributed  over  a  part 
or  the  whole  of  the  tube.  The  opening 
may  be  in  the  form  of  a  ring  extending 
all  round  the  tube,  or  several  such  ring- 
shaped  openings  can  be  employed,  or 
instead  of  these,  long  slits,  either  parallel 
or  at  an  angle  to  the  axis  of  the  tube, 
can  be  provided.  The  openings  may  be 
situated  so  that  the  air  enters  at  right 
angles  or  at  any  other  angle  to  the  axis 
of  the  tube.  In  the  latter  case,  the  gases 
generally  pass  through  the  tube  with  a 
rotary  motion. 

"With  the  aid  of  Schonherr's  inven- 
tion, it  is  possible  to  send  extraordinarily 
large  quantities  of  electrical  energy 
through  a  single  tube.  A  small  experi- 
mental apparatus,  for  instance,  uses 
about  5.5  horse  power  and  works  at  a 
tension  of  5,000  volts.  The  experimental 
furnaces  at  Christianssand  have  a  ca- 
pacity of  about  600  horse  power  at  4.200 
volts,  and  although  it  appears  possible 
to  build  furnaces  which  could  consume 
2,000  horse  power,  those  regularly  used 
will  probably  be  built  for  i.ooo  horse 
power.  These  furnaces  require  about 
40,000  cubic  feet  of  air  every  hour,  and 
the  arcs  produced  are  nearly  8  yards 
long. 
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"The  construction  of  the  furnace  on 
the  large  scale  is  as  follows:  The  air 
passes  'into  the  arc  tube  through  a  num- 
ber of  tangentially-bored  holes  in  the 
part  of  the  tube  surrounding  the  elec- 
trode, and  over  these  holes  is  an  iron 
ring  or  cylinder,  which  can  be  moved 
from  the  outside  by  means  of  a  lever, 
so  that  any  desired  number  of  the  holes 
can  be  closed,  and  consequently,  the 
strength  of  the  rotary  motion  of  the  air 
regulated,  and  this  in  turn  assists  in 
regulating  the  length  of  the  arc.  The 
insulated  electrode  can  be  cooled  by 
means  of  water  or  air,  and  it  is  also 
provided  with  a  central  hollow  space 
through  which  passes  an  iron  rod.  The 
arc  actually  springs  from  this  iron  rod, 
and  as  it  burns  or  volatilises  away,  it 
can  be  pushed  forward  by  a  simple  ar- 
rangement; the  rate  of  burning,  how- 
ever, is  very  slow.  An  ignition  lever, 
or  other  simple  arrangement,  is  provided 
so  that  the  arc  can  be  started  afresh, 
should  it  from  any  cause  become  extin- 
guished; this,  however,  is  very  rarely 
the  case.  The  furnace  itself  is  connected 
electrically  to  earth,  so  that  any  part  of 
the  apparatus,  with  the  exception  of  the 
insulated  electrode,  can  be  handled  with 
impunity.  The  gases  which  leave  the  arc 
tube  pass  down  a  channel  lined  with 
brick,  and  concentrically  surrounding  the 
inner  parts  of  the  furnace.  They  are 
thus  made  to  give  up  a  portion  of  their 
heat  to  the  air  which  is  entering  the  fur- 
nace, and  which  is  subsequently  passed 
through  the  arc  tube,  thereby  raising  it 
to  a  fairly  high  temperature.  The  ap- 
paratus is  extremely  simple,  and  at  the 
same  time  very  durable;  ordinary  iron 
tubes  are  employed,  there  are  no  movable 
parts  and  no  expensive  electromagnets, 
and  the  manufacture  runs  smoothly  with- 
out  interruptions. 

"Though  in  this  process  there  is  very 
little  loss  of  electrical  energy  in  pro- 
ducing the  arc,  yet  only  a  small  percent- 
age of  the  energy  serves  to  bring  about 
chemical  reaction,  the  rest  is  converted 
into  heat.  This  latter,  however,  is  not 
by  any  means  wasted,  30  per  cent  of  it 
is  employed  producing  hot  water,  40  per 
cent  heats  the  boilers,  10  per  cent  has  to 
be  removed  by  cooling,  and  only  17  per 
cent  is  lost  by  radiation.     The  evapora- 


tion of  the  calcium  nitrate  solutions  ob- 
tained is  carried  out  solely  by  the  heat 
generated  in  the  arc. 

"Numerous  experimenters  have  studied 
the  chemical  action  of  this  kind  in  arcs, 
and  under  certain  conditions  it  has  been 
found  that  a  gas  mixture  containing  10 
per  cent  of  nitric  oxide  could  be  ob- 
tained. Having  once  obtained  the 
oxides  of  nitrogen,  it  is  necessary  to 
bring  them  into  a  marketable  state,  either 
into  the  form  of  nitric  acid,  nitrates,  or 
nitrites.  Up  to  the  present  both  nitric 
acid  and  nitrites  have  been  manufac- 
tured from  saltpetre  by  chemical  reac- 
tion, and  are,  therefore,  both  more  ex- 
pensive than  the  latter  substance.  As, 
however,  the  demand  for  nitric  acid  and 
nitrites  is  limited,  the  chief  aim  of  every 
large  factory  is  to  convert  the  supply 
of  nitrogen  into  the  form  of  saltpetre, 
for  which  there  is  an  unlimited  market. 
The  nitrogen  tetroxide  passes  through 
water,  so  that  two-thirds  of  the  nitrogen 
present  is  converted  into  nitric  acid, 
while  one-third  reappears  as  nitric  oxide. 
This  again  combines  with  the  excess  of 
oxygen  present  in  the  gases  to  form 
oxygen  tetroxide,  and  the  same  reac- 
tions are  gone  through  again.  On  neu- 
tralising this  acid  with  soda  a  concen- 
trated solution  of  sodium  nitrate  is  ob- 
tained, which  can  be  evaporated  until 
the  solid  salt  crystallises  out.  In  prac- 
tice limestone  is,  however,  employed  in- 
stead of  soda,  so  that  calcium  nitrate  is 
obtained.  This  substance  is  at  least  as 
valuable  as  sodium  nitrate  for  manuring 
purposes,  and  is  consequently  isolated 
as  such  and  put  on  the  market  under 
the  name  of  "Norwegian  saltpetre"  or 
"air  saltpetre."  By  other  suitable  methods 
strong  nitric  acids,  nitrites  and  nitrogen 
tetroxide  can  also  be  obtained.  The  fur- 
nace gases  can  also  be  passed  over  quick- 
lime, which  absorbs  them,  the  final  pro- 
duct containing  dry  calcium  nitrite. 

"The  calcium  nitrate  obtained  can, 
without  further  treatment,  replace  Chili 
saltpetre  for  purposes  of  agriculture,  and 
is  in  some  cases  even  better.  Even  a 
mixture  of  calcium  nitrate  with  nitrite 
and  free  lime  appears  to  have  no  harmful 
effect.  Such  operations  as  these  require 
abundant  and  cheap  water  power,  which 
conditions  the  Birkeland  and  Eyde  con- 
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ccrn  have  obtained  in  Norway.  The 
Badischc  Anilin-  und  Soda-Fabrik  have 
also  obtained  a  concession  whereby  the 
construction  of  a  factory  with  a  capacity 
of  50,000  horse  power  will  be  possible. 

"Considerable  quantities  of  air  salt- 
petre will  shortly  be  put  on  the  market, 
and  probably,  within  a  few  years,  the  an- 
nual output  will  reach  100,000  tons.  This 
quantity  is  none  too  large  when  we  re- 
member that  the  world's  demand  in- 
creases by  at  least  that  much  every  two 


years.  Chili  saltpetre  is  not  likely  to 
influence  unfavourably  the  ('evelopment 
of  the  factories  already  started,  espe- 
cially as  air  saltpetre  has  decided  advan- 
tages over  the  old  material,  being  free 
from  pcrchlorate  and  other  injurious 
com.pounds.  Further,  it  contains  lime 
which  is  very  beneficial  for  the  plant, 
whereas  the  soda  in  Chili  saltpetre  is 
very  often  directly  harmful.  Experi- 
ments made  on  this  subject  bear  out 
these  contentions." 


INSURANCE  OF  LABOR  IN  AUSTRIA. 

A    DIGEST    OF    THE    LAWS    COVERING    ACCIDENT    AND    ILLNESS    INSURANCE    AND    OLD-AGE 

PENSIONS. 

Engineering. 


THE  statutory  establishment  of  gen- 
eral compulsory  labor  insurance  in 
Austria  considerably  antedated  the 
acceptance  of  the  principle  of  workmen's 
compensation  for  accident  in  Germany 
and  Italy.  Systems  of  insurance  against 
accident  and  against  illness  have  been 
in  operation  in  Austria  for  over  twenty 
years;  as  already  noted  in  these  columns, 
they  were  established  in  Germany  and 
Italy  only  in  1900  and  1904,  respectively. 
The  Austrian  old-age  pension  system, 
however,  is  of  very  recent  origin  and 
has  been  in  operation  for  less  than  two 
years.  As  described  in  Engineering  for 
April  30,  the  three  systems  of  insurance 
in  Austria,  against  accident,  illness  and 
incapacity  due  to  age,  have  many  features 
of  interest. 

"In  December,  1887,  an  Act  of  Parlia- 
ment regulating  the  insurance  of  work- 
people against  accidents  was  passed.  It 
provides  for  all  classes  of  workpeople, 
including  apprentices  and  students,  and 
also  for  foremen,  inspectors,  and  officials 
employed  in  and  about  practically  all 
classes  of  private  works,  factories  and 
mines,  and  in  the  building  trades.  By 
private  works,  etc.,  we  have  to  under- 
stand all  other  than  Government  and 
municipal  undertakings  which  had  been 
dealt  with  by  previous  measures,  and 
for  whose  workmen  and  officials  ample 
provision  was  already  made.  The  capital 
necessary  for  establishing  this  system  of 
insurance  was,  in  the  first  place,  lent  to 
the    new    undertaking   by    the    Imperial 


Government.  The  loan,  however,  was  of 
but  a  temporary  nature,  and  the  real 
working  capital  had  to  be  subscribed  by 
contributions  made  by  employers  and 
employes." 

In  determining  the  degree  of  risk  run 
by  persons  employed  in  various  indus- 
tries, statistics  of  accidents  were  exam- 
ined and  the  results  studied  and  tabu- 
lated. Since  the  passage  of  the  Act, 
statistics  of  accidents  have  been  kept 
with  extreme  care,  and  the  numbers 
representing  the  relative  risks  are  re- 
vised quinquennially.  Risk  numbers  of 
approximately  equal  magnitude  arc 
grouped  together  to  form  fourteen  classes 
of  risk,  under  which  each  undertaking  to 
be  insured  is  allotted  its  place.  As,  how- 
ever, the  risk  of  accident  in  various 
establishments  of  like  nature  depends 
largely  upon  the  method  of  working  and 
disposition  of  the  plant,  similar,  and 
even  neighboring,  undertakings  of  a  like 
character  may  be  required  to  insure 
their  hands  at  different  rates. 

"The  premium  for  a  given  shop  being 
fixed,  the  employer  is  required  to  pay 
90  per  cent  of  the  sum  due  on  account 
of  each  of  his  hands,  and  the  employes 
have  to  pay  the  remaining  10  per  cent 
out  of  their  own  private  means.  In 
many  cases,  however,  the  employer  un- 
dertakes of  his  own  free  will  to  pay 
the  whole  of  the  premium.  This  is  'nore 
especially  the  ca.^e  in  those  works  whicli 
had  insured  their  hands  before  the  law 
was  passed.     The  premium  being  paid, 
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the  workman  is  insured  against  the  loss 
which  he,  or  his  dependents,  would  incur 
if  he  were  injured  by  accident  whilst  at 
work  for  his  employer.  The  sum  for 
which  an  employe  may  be  insured  is 
limited;  and  any  amount  which  he  earns 
beyond  8  kronen  (about  6s.  8d.)  per 
day  is  neither  taken  into  account  when 
determining  the  premium  to  be  paid,  nor 
in  fixing  the  amount  of  the  reparation 
to  be  paid  in  case  of  injury  or  death. 

"If,  through  injury  due  to  accident, 
an  insured  person  is  unable  to  work  dur- 
ing a  period  not  exceeding  four  weeks, 
the  case  is  dealt  with  under  the  law  regu- 
lating the  support  of  employes  during 
illness.  If,  however,  a  workman  is  laid 
up  for  a  period  greater  than  four  weeks, 
he  is  entitled,  during  the  time  he  is  un- 
able to  work,  to  support  at  a  rate  equal 
to  6o  per  cent  of  the  wages  he.  on  an 
average,  earned  per  week  during  the 
previous  twelve  months.  Should  he  be 
but  partially  incapacitated,  the  amount 
of  support  is  proportionately  reduced, 
and  can  at  the  most  attain  to  50  per 
cent  of  the  sum  he  would  have  obtained 
if  he  had  been  totally  disabled."  In  case 
of  death  due  to  accident,  two  pounds  are 
subscribed  by  the  insurance  society  to- 
ward the  cost  of  burying  the  insured 
person.  In  the  case  of  a  married  man, 
the  widow  is  endowed  with  an  annuity 
equal  to  20  per  cent  of  his  average  in- 
come during  the  twelve  months  before 
his  death,  each  legitimate  child  with  an 
annuity  of  at  least  15  per  cent  of  the 
father's  income,  and  each  illegitimate 
child  with  an  annuity  of  10  per  cent. 
The  total  sum  of  such  endowments,  how- 
ever, may  not  exceed  50  per  cent  of 
the  income  which  the  deceased  was,  on 
an  average,  earning  at  the  time  of  his 
death.  In  the  case  of  an  unmarried 
man,  parents  or  grandparents  can,  in 
case  of  need,  claim  an  annuity  equal  to 
that  granted  the  widow  of  a  married 
man. 

"In  1888  a  second  bill  was  passed, 
providing  for  the  support  of  employes 
'  when  detained  from  work  through  ill- 
ness. As  in  the  case  of  accident  insur- 
ance, the  capital  required  to  work  this 
institution  is  partly  subscribed  by  the 
employers  and  the  rest  by  the  insured 
persons   themselves.     The   greater   part 


of  the  premium  for  insurance  against 
accident  must,  as  we  have  seen,  be  paid 
by  the  employer;  for  it  is  to  his  ad- 
vantage, and  under  his  direction,  that 
the  risk  of  accident  is  incurred.  Illness 
is  another  matter.  Employes  spend  only 
about  2y  to  34  per  cent  of  the  year  upon 
their  employer's  premises  and  at  his 
service.  It  appears,  therefore,  quite  rea- 
sonable that  the  employes  should  pay, 
as  they  do,  the  major  part  of  the  pre- 
mium for  insurance  against  illness." 

The  premium  rates  vary  somewhat  ac- 
cording to  the  nature  of  the  work  and 
the  climatic  conditions  of  the  neighbor- 
hood. The  society  connected  with  the 
general  engineering  establishments  in 
and  about  Prague  may,  however,  be 
taken  as  a  typical  example.  "To  this 
society  the  employes  are  required  to  pay 
2.5  per  cent  of  their  normal  weekly 
wages,  and  the  employers  augment  this 
premium  by  a  sum  equal  to  60  per  cent 
of  that  paid  by  each  insured  person.  The 
employer,  therefore,  pays  at  the  rate  of 
1.5  per  cent  of  the  men's  normal  weekly 
wages." 

In  case  of  illness,  the  insured  is  en- 
titled to  free  medical  treatment,  free 
medicine  and  the  free  use  of  any  medical 
or  surgical  apparatus  required.  For 
twenty  weeks  after  the  first  three  days 
of  inability  to  work,  the  insured  is  en- 
titled to  financial  support  from  the  so- 
ciety to  an  amount  equal  to  60  per  cent 
of  his  normal  weekly  wage.  In  cases  of 
especial  need,  the  society  may  continue 
to  assist  him  after  the  expiration  of  the 
twenty  weeks  at  a  rate  equal  to  not  more 
than  half  that  which  he  could  originally 
claim.  Assistance  for  a  period  of  more 
than  one  year  is,  however,  forbidden  by 
law.  If  hospital  treatment  is  necessary, 
the  society  is  required  to  pay  the  cost  of 
the  patient's  transport  thither  and  of  his 
treatment  there  for  a  period  not  exceed- 
ing four  weeks.  In  the  case  of  unmar- 
ried men,  or  those  upon  whose  earnings 
no  others  are  dependent,  hospital  treat- 
ment is  considered  as  equal  to  the  sum 
total  of  all  benefits  due  them  while  in 
the  hospital.  In  the  case  of  married 
men,  or  of  persons  having  others  de- 
pendent upon  them  for  sustenance,  the 
society  is  required  to  pay  one-half  of 
the  sum  due  to  the  patient,  were  he  ill  at 
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home,  to  those  dcpcnclent  upon  him. 
When  an  insured  person  (hcs  through 
illness,  the  society  is  required  to  con- 
tribute a  sum  equal  to  twenty  times  his 
last  daily  wage  toward  the  burial  ex- 
penses. 

The  Act  providing  for  old-age  pen- 
sions for  officials,  assistants  and  clerks 
in  other  than  government  or  municipal 
employ  (a  system  of  government  and 
municipal  pensions  was  already  in  opera- 
tion) was  passed  in  December,  1906,  and 
came  into  force  on  January  i  of  last 
year.  The  pensions  are  provided  by  the 
"accumulated  capital  subscribed  con- 
jointly by  the  individual  private  servant 
and  his  master.  The  capital  is  provided 
in  a  way  very  similar  to  those  described 
in  connection  with  accident  and  health 
insurance.  In  this  case,  however,  the 
Government  contributes  100,000  kronen 
(£4,166)  per  year  towards  the  working 
expenses  of  the  undertaking.  This  sum 
is  to  be  expended  in  paying  the  salaries 
of  its  chief  officials. 

Table  of   Old  Age  Pensions  anp  Premiums. 
Premium.  Pension. 


>.  >>  >  U    <U    f 


/-.  ^^         Income       ^^  ^^  ^ S.  ^i  ^  uvn     E>^  •" 

Class.  „        .     ^cTsS'cc'u>/)^-4,5"-^     ^      u 

per  Year.*     Ej=    S-cH.    S   "^r?**^     5  <="  > 

Per     ^S-   i-Ss  ^^^ 

Month   <>Q^  ^Sw>^  %'^'o 
T.        600  to     900      2        4     180       9  450 

II.        900    •'    1200      3        fi     270     13.50        075 
in.      1200    "    1800      4        8     360     18  900 

IV.      1800      '    2400      fi      12      540      27  1.S50 

V.      2400    "    3000    12      12      720     36  1800 

VI.      3000    &   more   15     15     900     45  2250 
*  All   values   are   stated   in   kronen,   24    of   which 
arc   approximately  equal  to    £l. 

"The  insured,  who  must  be  at  least 
eighteen  years  of  age,  are  divided  into 
six  classes,  according  to  the  amount  of 
their  incomes,  and  they  ascend  from 
class  to  class  as  it  increases.  The  pre- 
miums payable  are  tabulated  in  the  table 
above.  Reference  to  it  will  show  that 
private  servants  whose  income  is  less 
than  6oo  kronen  (about  £25)  a  year  are 
not  provided  for  by  the  law,  as  it  is 
deemed  that  such  persons  are  still  ap- 
prentices, students  or  improvers,  and  not 
servants  likely  to  remain  with  their  pres- 
ent masters  for  any  lengthy  period  of 
time.  Servants  whose  income  exceeds 
3,000  kronen  (£125)  per  year  can  only 
1k>  insured  to  the  extent  set  forth  in  the 
cable,    and    their    income    beyond    that 


amount  is  to  be  left  out  of  consideration 
when  calculating  premiums  and  benefits. 

"The  persons  insured  are  entitled  to 
the  following  benefits: — 

(a)  A  pension  for  themselves — 

1.  If,  at  any  time,  permanent  total 
disablement  is  caused  by  an  accident 
incurred  whilst  performing  the  duties  of 
their  office. 

2.  If,  after  having  been  insured  for  a 
period  of  at  least  ten  years,  they  are,  for 
any  reason,  totally  incapable  of  perform- 
ing the  duties  of  their  office. 

3.  After  having  completed  40  years' 
service. 

{h)  An  annuity  for  their  wives  and 
children — 

1.  If  killed  by  an  accident  whilst  per- 
forming their  duties. 

2.  If,  after  being  insured  for  a  period 
of  at  least  ten  years,  death  occurs  from 
any  cause. 

"The  widow's  annuity  is  fixed  at  half 
the  amount  to  which  her  husband,  if  liv- 
ing, would  have  been  entitled  if  perma- 
nently totally  disabled.  Each  legitimate 
child  less  than  eighteen  years  of  age, 
who,  after  the  death  of  the  insured  par- 
ent, has  still  one  parent  living,  is  entitled 
to  an  annuity  equal  to  one-third  of  the 
amount  that  the  deceased  parent  would 
have  received  if  living  in  a  permanently 
disabled  condition.  If  both  parents  are 
dead,  this  annuity  is  doubled. 

"The  management  of  each  of  the  three 
insurance  undertakings  in  which  we  are 
interested  is  jointly  in  the  hands  of  the 
Imperial  Government,  of  the  employers, 
and  of  the  servants.  In  the  case  of 
accident  insurance,  the  law  requires  that 
each  country  ruled  by  the  Austro-Hun- 
garian  Imperial  and  Royal  Government 
shall  have  its  own  insurance  society,  anrl 
that  its  management  shall  be  placed  in 
the  hands  of  a  committee  of  eighteen 
persons.  One-third  of  the  members  of 
this  committee  are  appointed  by  the 
Crown ;  the  remaining  two-thirds  are 
elected  in  equal  numbers  by  the  two 
parties  interested.  This  committee  has  to 
elect  a  president,  vice-president,  and 
three  of  its  members  (one  each  from 
among  the  representatives  of  the  Gov- 
ernment, of  the  employers,  and  of  the 
servants),  to  attend  to  the  ordinary 
business  of  the  undertaking.    OwXy  these 
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five  members  of  the  committee  are  re- 
munerated for  their  services.  The  full 
committee  is  simply  a  controlling  organ, 
and  meets  but  once  a  month. 

"In  the  case  of  insurance  against  ill- 
ness, each  industrial  district  hrs  a  cen- 
tral insurance  office  of  its  own,  and  the 
various  industries  of  the  district  are 
clubbed  together  to  form  sub-branches. 
Each  sub-branch  is  a  self-ruling  body, 
subject,  however,  to  the  local  central 
office.  The  officials  are  elected  by  the 
interested  parties,  as  above,  the  Govern- 


ment  only  controlling  the  financial  re- 
ports and  committee-meeting  minutes  of 
the  various  sub-branches  and  central 
offices. 

"The  pensioning  scheme  will  be  man- 
aged in  a  way  similar  to  that  already 
described  in  connection  with  accident  in- 
surance, excepting  that  the  committee 
will  consist  of  but  ten  members  (five 
elected  from  among  the  employers,  and 
five  by  the  servants  from  among  them- 
selves), and  be  presided  over  by  a  presi- 
dent appointed  by  the  Crown." 


FUELS  FOR  INDUSTRIAL  FURNACES. 

A  DISCUSSION    OF  THE  RELATIVE  ECONOMY   OF  PULVERIZED  COAL,   OIL  AND   GAS. 

William  D.  Ennis — Brooklyn  Engineers'  Club. 


AT  the  close  of  a  series  of  two 
articles  on  the  industrial  applica- 
tions of  pulverized  coal,  con- 
tributed to  this  Magazine  in  December, 
1907,  and  January,  1908,  Prof.  William 
D.  Ennis  referred  very  briefly  to  the 
use  of  this  fuel  for  firing  heating 
furnaces  of  all  kinds.  In  a  subse- 
quent paper,  read  before  the  Brooklyn 
Engineers'  Club,  Prof.  Ennis  has  cov- 
ered practically  the  same  ground  as  in 
his  articles  in  The  Engineering  Maga- 
zine, but  has  given  a  considerable 
amount  of  attention  to  the  relative  ad- 
vantages and  economy  of  pulverized 
coal,  oil  and  gas  as  fuels  for  industrial 
furnaces.  This  part  of  his  paper  we 
reproduce  in  full  from  the  last  number 
of  the  Club's  Proceedings. 

"One  of  the  most  promising  fields  for 
the  application  of  pulverized  coal  is  in 
the  operation  of  heating  furnaces  of  all 
kinds  in  engineering  works.  This  is  be- 
ing well  exploited.  At  Lebanon,  Pa., 
the  American  Iron  and  Steel  Manufac- 
turing Company  has  an  elaborate  pulver- 
izing plant,  including  a  duplicate-unit  in- 
stallation of  tube  mills  driven  by  West- 
inghouse  engines,  and  an  extensive  sys- 
tem of  distribution.  The  coal  used 
shows:  Fixed  carbon,  58.49;  volatile, 
31.97;  moisture,  .52  (as  fired)  ;  ash,  9.02, 
and  sulphur,  1.34.  The  heating  value  is 
13.721  B.  t.  u.  per  pound.  The  fuel  is 
fed  by  double  return-screw  conveyors. 
It  is  used  in  roll-furnaces,  rivet  and  bolt 
furnaces  and  for  heating  operations  of 


all  kinds,  replacing  both  coal  and  oil. 
In  the  latter  case,  the  saving  in  cost  of 
fuel  was  the  determining  argument  for 
the  installation;  in  the  former,  greater 
speed  of  operation,  controllability  of 
temperature  and  less  trouble  with  work- 
men, led  to  the  adoption  of  the  new  fuel. 
In  many  metallurgical  operations,  par- 
ticularly those  in  which  rather  small 
amounts  of  fuel  are  involved,  economy 
of  fuel  is  a  minor  consideration.  Speed 
of  production,  convenience,  ease  of  ma- 
nipulation, are  all  of  much  greater  con- 
sequence. Where  pulverized  coal  is  not 
employed,  oil  is  often  used,  in  spite  of 
its  high  cost.  It  pays  to  use  it.  In  such 
cases,  it  would  certainly  pay  to  use  pul- 
verized coal,  which  is  much  cheaper  than 
oil.  The  only  exception  would  be  in  the 
case  of  a  very  small  plant,  which  could 
not  stand  the  expense  of  a  pulverizing 
outfit.  The  machinery  is  now  being  made 
in  very  small  units,  however,  so  that  this 
objection  will  be  partly,  at  least,  elim- 
inated. In  small  furnace  applications, 
while  economy  of  fuel  is  not  especially 
regarded,  pulverized  coal  often  leads  to 
such  economy,  as  well  as  to  the  larger 
gains  mentioned.  This  is  particularly 
the  case  in  furnaces  heating  small  parts, 
like  bolts  and  rivets,  in  which  a  large 
saving  follows  control  of  the  tempera- 
ture at  various  points  in  the  furnace. 
The  same  gain  is,  in  fact,  found  with 
oil,  which,  in  spite  of  its  higher  cost  per] 
heat  unit,  may  cost  not  much  more,  per, 
pound   of   metal    heated,   than   ordinary  I 
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coal.  In  one  larg-e  forcing  furnace,  in 
which  pulverized  coal  replaced  ordinary 
slack,  the  fuel  cost  per  pound  of  metal 
was  decreased  67  per  cent,  while  the  out- 
put increased  50  per  cent.  One  would 
scarcely  expect  to  find  the  fuel  saving  so 
great,  particularly  as  the  furnace  was 
used  on  billets  15  inches  square  and  8 
feet  long.  The  increase  in  production  is 
less,  however,  than  is  usually  possible. 
In  a  plow-beam  furnace,  where  the 
pieces  heated  are  small,  the  output  in- 
creased 300  per  cent.  In  competing  with 
oil,  pulverized  coal  will,  of  course,  not 
increase  furnace  output;  but  it  will  un- 
doubtedly greatly  decrease  the  cost  of 
fuel. 

"Such  savings  in  fuel  cost,  as  com- 
pared with  oil,  and  in  production  and 
convenience  as  compared  with  coal,  are 
possible  in  a  host  of  applications,  such 
as  varnish  kettles,  annealing  furnaces, 
drop-forge  furnaces,  brass  foundries, 
enameling  ovens,  cable-coating  machines, 
flanging  furnaces,  steam-hammer  fur- 
naces, rivet,  bolt,  nail  and  spike  fur- 
naces, etc.  None  of  the  fuels  mentioned, 
including  natural  gas,  can  compete  with 
it.  The  General  Electric  Company,  at 
Schenectady,  is  using  fuel  oil  for  most 
of  these  minor  applications.  When  the 
aggregate  expenditure  for  oil  in  a  plant 
of  this  kind  is  considered,  the  opportuni- 
ties for  saving  are  clearly  enormous. 

"In  furnace  applications  of  the  nature 
described,  it  is  obvious  that  there  is  no 
need  for  any  exceptional  efficiency  on 
the  part  of  pulverized  coal  to  offset  the 
cost  of  preparation.  The  fuel  is  per  sc 
far  more  efficient,  even  when  this  cost 
is  considered,  than  solid  fuel.  The  only 
question  is  whether  it  is  the  most  effi- 
cient of  all  the  fuels  available.  So  far 
as  fuel-oil  competition  is  concerned,  the 
problem  may  be  briefly  stated.  In  small 
plants,  where  the  furnace-fuel  item  is 
not  a  large  element  of  the  cost  of  pro- 
duction, oil  may  continue  to  be  used.  In 
plants  which  are  sufficiently  large  to 
warrant  the  installation  of  a  pulverizing 
plant,  powdered  coal  may  replace  oil. 
With  oil,  it  is  true,  there  is  no  large  ini- 
tial expenditure  necessary,  but  the  lower 
cost  of  powdered  coal  per  unit  of  heat 
will  soon  pile  up  a  saving  large  enough 
to  offset  the  first  cost  of  the  plant. 


"There  is  another  competitor  from 
which  pulverized  coal  has  more  to  fear; 
that  is,  gas.  Gas  is  entirely  adaptable 
to  every  kind  of  furnace  application, 
with  efficiency  in  combustion  quite  equal 
to  that  attainable  with  either  fuel  oil  or 
pulverized  coal.  At  the  price  at  which 
illuminating  gas  is  commonly  sold  it  is 
from  five  to  thirty  times  as  expensive  as 
coal;  natural  gas  is  also  usually  expen- 
sive. Producer  gas,  made  by  the  con- 
sumer himself,  is  very  cheap.  Its  prepa- 
ration requires  an  expensive  plant, 
though  much  less  expensive  than  that 
necessary  for  pulverizing  coal.  The  effi- 
ciency of  gas-making,  producing  pure 
carbon  monoxide  from  pure  carbon,  is 
theoretically  only  70  per  cent,  if  the 
sensible  heat  of  the  gas  is  not  credited. 
In  engine  work,  this  is  the  maximum 
possible  efficiency  under  the  stated  condi- 
tions, because  the  sensible  heat  of  the 
gas  is  of  no  use;  indeed,  it  is  a  positive 
detriment.  We  have  found  that  what 
may  be  called  the  efficiency  of  pulveriz- 
ing coal  is  about  90  per  cent,  when  the 
saving  in  fire-room  labor  is  credited.  In 
furnace  applications,  the  efficiency  is 
lower,  but  still  easily  80  per  cent;  so  that 
obviously,  the  theoretical  producer  gas, 
made  from  the  same  fuel,  is  more  costly 
than  pulverized  coal. 

"In  furnace  work,  however,  the  sensi- 
ble heat  of  the  gas  is  all  available,  and 
the  efficiency  has  a  limiting  value  of 
100  per  cent  instead  of  70  per  cent.  Just 
how  closely  we  may  reach  this  value  de- 
pends on  many  conditions,  but  noticeably 
upon  the  extent  of  distribution.  The  loss 
is  then  principally  that  due  to  the  radia- 
tion of  heat  during  transmission  of  the 
gas.  This  may  be  compared  with  the 
loss  due  to  ihe  pow'er  consumption  neces- 
sary to  distribute  pulverized  coal  over 
the  plant.  In  both  cases,  efficiency  is  to 
be  attained  by  installing  the  fuel-prepar- 
ing plant  close  to  the  furnace. 

"The  gas  to  be  used  is  manifestly  not 
the  continuous-process  producer  gas 
made  by  an  air  blast  alone,  which  has  a 
heating  value  of  only  about  1480  B.  t.  u. 
per  pound,  but  a  modified  gas,  obtained 
by  using  a  steam  blast  with  t'nc  air.  This 
will  produce  a  more  concentrated  gas, 
containing  hydrogen,  so  that  for  a  given 
bulk  handled,   a  greater  heating  power 
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will  be  carried  to  the  furnace.  The  pro- 
cess may  be  carried  so  far  as  to  produce 
semi-water  gas,  the  steam  blast  being 
applied  until  the  fire  is  chilled,  and  air 
then  injected  alone  for  a  time.  The  effi- 
ciency on  a  cold  gas  basis  is  greatly  in- 
creased by  the  use  of  steam,  and  the  loss 
of  sensible  heat  in  transmission  becomes 
greatly  reduced.  A  theoretical  cold  gas 
efficiency  of  80  per  cent  can  easily  be  at- 
tained while  using  steam  continuously, 
and  intermittent  use  permits  of  even 
higher  efficiencies  than  this. 

"Industrial  gas,  seems  then  to  present 
even  greater  ultimate  opportunities  for 
saving  than  pulverized  coal.  It  can  be 
more  advantageously  applied  in  small  in- 
stallations at  the  present  time.  Its  use 
is  not  popular  or  general,  any  more  than 
is  that  of  the  coal,  largely  on  account  of 
its  newness.  Many  plants  that  have  been 


installed  have  failed  to  give  satisfaction. 
The  objections  arise  not  from  low  effi- 
ciency, but  from  a  lack  of  reliability. 
One  large  works  has  met  with  so  disap- 
pointing an  experience  that  it  has  adopt-  A 
ed  a  general  policy  of  returning  to  the 
use  of  oil. 

"Neither  gas  nor  pulverized  coal  has 
as  yet  passed  the  initial  stage  of  com- 
mercial application,  though  for  furnaces 
and  kilns  the  latter  may  be  fairly  said  to 
have  passed  the  experimental  stage,  while 
the  former  has  not.  It  is  not  impossible 
that  the  two  may  prove  such  close  com- 
petitors that  both  will  have  a  wide  field. 
Certainly  in  this  part  of  the  country 
either  should  displace  fuel  oil,  which  is 
essentially  the  lazy  man's  fuel.  That  one 
or  both  of  the  two  will  eventually  be 
generally  applied  in  industrial  furnace 
operations  seems  undoubted." 


METALLIC-FILAMENT  LAMPS  AND  THE  ELECTRICAL  INDUSTRY. 

AN    OPTIMISTIC   VIEW    OF  THE   EFFECT    OF    THEIR   GENERAL    INTRODUCTION    ON    THE 

ELECTRICITY-SUPPLY  INDUSTRY. 

E.  E.  Hoadley — Incorporated  Municipal  Electrical  Association. 


UNLIKE  the  majority  of  recent 
writers  on  the  subject,  Mr.  E.  E. 
Hoadley,  who  recently  read  a 
paper  on  the  influence  of  metallic-fila- 
ment lamps  on  the  electrical  indus- 
try before  the  Incorporated  Municipal 
Electrical  Association,  which  is  ab- 
stracted in  The  Electrician  for  June  25, 
regards  the  advent  of  the  high-efficiency 
lamp  as  a  blessing  to  the  electricity-sup- 
ply industry,  though  possibly  in  disguise 
for  a  time,  for  the  loss  of  revenue  at  the 
present  time  will  be  amply  repaid  later 
on.  In  many  cases,  of  course,  there  will 
be  a  fall  of  revenue  more  rapid  than  can 
be  compensated  by  any  increased  demand 
at  the  moment,  and  in  some  few  cases 
the  raising  ot  rates  may  seem  to  be  the 
only  possible  solution  of  the  difficulty. 
Generally,  however,  the  remedy  lies  in 
exploiting  as  far  as  possible  the  other 
domestic  uses  of  electricity,  such  as  heat- 
ing and  cooking,  which  so  far  have  been 
comparatively  neglected. 

As  to  the  results  to  the  electricity-sup- 
ply industry  he  says,  "it  is  practically 
impossible  to  take  a  single  example,  and, 
after  exhaustively  studying  the  facts  pre- 


sented, to  lay  down  general  rules  or  to 
make  general  deductions.  The  result  of 
the  introduction  of  the  metal  lamp  varies 
according  to  whether  the  station  sup- 
plies alternating  or  continuous  current, 
whether  the  output  is  solely  for  lighting, 
or  is  made  up  of  power,  lighting  and 
traction;  and  if  the  supply  is  practically 
a  lighting  supply  whether  that  supply  has 
a  large  proportion  of  shop  lighting,  or  is 
to  a  great  extent  residential.  Taking  the 
case  of  the  alternating-current  stations 
first,  these  may  be  roughly  divided  into 
two  classes — those  stations  in  manufac- 
turing districts  supplying  two  or  three- 
phase  current  and  having  a  large  propor- 
tion of  their  output  used  for  power;  and 
the  single-phase  stations,  most  of  them 
of  somewhat  ancient  date  and  generally 
supplying  an  area  in  which  the  demand 
is  chiefly  for  the  lighting  of  residential 
property. 

"Considering  the  latter  case  first,  as  it 
is  undoubtedly  these  stations  which  will 
feel  the  pinch  first  and  will  feel  it  hard- 
est. Generally  the  property  they  supply 
is  of  the  better  class;  houses  whose  own- 
ers will  face  the  outlay  demanded  by  a 
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transformer  and  metal  lamps  with  equa- 
nimity. In  most  cases  the  houses  sup- 
plied are  sufficiently  well  lighted  already, 
and  the  same  amount  of  light  for  a  great- 
ly reduced  amount  of  money  will  be  ob- 
tained. In  most  of  the  towns  in  question 
gas  is  not  particularly  cheap,  so  that  a 
large  proportion  of  the  available  houses 
already  take  a  supply;  thus,  purely  for 
the  lighting  supply,  it  is  doubtful  if  new 
consumers  will  come  along  fast  enough 
to  take  all  the  units  that  existing  con- 
sumers will  save.  Even  if  they  do,  it 
means  that  the  capital  charges  per  unit 
sold  will  be  increased,  as  although  the 
generating  plant  will  not  need  addition, 
yet  new  mains  and  services  must  be  pro- 
vided, and  in  such  residential  towns 
these  are  generally  an  expensive  item 
per  consumer,  and  with  the  poor  load 
factor  generally  prevalent,  capital  outlay 
should  be  kept  as  low  as  possible.  To 
stations  of  this  class  it  must  be  con- 
fessed that  the  outlook  is  not  particularly 
rosy  for  the  next  few  years,  and  it  can 
hardly  be  wondered  at  that  several  are 
considering  the  raising  of  prices.  In 
some  special  cases  this  may  be  the 
right  policy,  but  the  author  is  of  opinion 
that  what  may  be  called  the  domestic 
uses  of  electrical  energy  should  be 
pushed  as  widely  and  as  hard  as  possible 
— heating  and  cooking  in  the  better  class 
houses  are  not  exploited  nearly  as  much 
as  they  should  be. 

"Where  an  alternating-current  station 
has  the  benefit  of  a  good  shop  lighting 
load  and  at  the  same  time  supplies  a  fair 
amount  of  power  the  metal  lamp  should 
be  looked  on  as  a  blessing  in  disguise,  for 
a  short  period  if  you  will,  but  still  as  a 
blessing,  for  the  amount  of  harm  done 
to  the  revenue  account  now  will  be  am- 
ply repaid  later  on. 

"Most  engineers  of  continuous-current 
stations,  particularly  of  those  where  the 
pressure  is  200  volts  or  over,  look  with 
distinct  favor  on  the  lamp,  but  even  they 
must  look  further  than  some  of  them 
have  done  up  to  the  present,  namely,  to 
the  time  when  a  lamp  of  16  candle  power, 
or  even  smaller,  can  be  obtained  for  all 
pressures  commonly  in  use,  and  at  a  price 
which  will  be  but  little  in  advance  of  the 
selling  price  of  the  ordinary  carbon  fila- 
ment lamp.     It  is  all  a  question  of  supply 


and  demand — a  parallel  case  can  be  cited 
in  the  case  of  the  gas  mantle." 

To  get  the  utmost  good  fron  the  metal- 
lic-filament lamps  it  is  practically  neces- 
sary that  central  stations,  whether  pub- 
licly or  privately  owned,  should  have  the 
legal  right  and  the  ability  to  raise  money 
for  the  purpose  of  wiring  houses  and 
other  premises,  and  for  letting  out  cook- 
ing and  heating  apparatus  on  hire  and 
hire  purchase.  "Next  to  the  above  comes 
the  necessity  for  cheaper  wiring.  A 
Ikrge  number  of  systems  of  cheap  wiring 
are  now  in  course  of  evolution  and  the 
success  already  obtained  with  some  of 
them  has  provoked  the  ire  and  the  pens 
of  interested  parties.  The  author  can 
state  from  his  own  experience  that  the 
Continental  system  of  fiexibles  on  spe- 
cial insulators  requires  a  lot  of  beating 
— among  other  places,  he  has  tried  it  in 
the  damp  warm  atmosphere  of  a  con- 
servatory for  18  months  without  the 
slightest  trouble.  With  cheap  wiring, 
the  necessary  powers  to  hire  out  cooking 
and  heating  apparatus,  wiring  and  fit- 
tings, and  the  improvements  in  cooking 
and  heating  apparatus  which  are  bound 
to  come  with  extended  experience,  most 
central  stations  should  be  able  to  look 
on  the  metal  lamp  as  an  ally  and  not  as 
an  enemy.  To  the  above  advantages 
should  be  added  the  very  important  fact 
of  a  large  reduction  in  the  selling  price 
of  the  lamp. 

"Provided  it  can  be  arranged  that 
central  stations  can  obtain  the  advan- 
tages set  out  above,  viz.,  extended  pow- 
ers, cheaper  wiring  and  cheaper  lamps, 
it  is  the  author's  opinion  that  a  new  era 
of  prospeiity  for  the  greater  part  of  the 
electrical  industry  will  begin,  and  in  the 
meantime  supply  engineers  should  do 
their  utmost  to  counteract  any  disadvan- 
tage there  may  be  in  a  falling  revenue 
from  purely  lighting  consumers,  by  push- 
ing into  prominence  the  many  other  uses 
of  electrical  energy,  some  of  which  have 
been  seriously  neglected. 

"In  the  field  of  public  street  lighting 
the  importance  of  the  new  invention  can- 
not be  over-estimated ;  up  to  the  present 
its  full  effect  has  not  been  considered, 
and  the  author  f  .els  sure  tl  at  when  en- 
gineers and  committees  responsible  for 
the  lighting  of  streets  have  fully  realized 
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the  possibilities  of  a  lamp  with  an  effi- 
ciency of  approximately  i  watt  per  can- 
dle-power, that  can  be  obtained  in  single 
units  giving  candle-powers  ranging  from 
50  to  1,000,  there  will  be  many  schemes 
of  street  lighting  by  arc  lamps  and  by 
incandescent  gas  that  will  be  altered  and 
modernized.  Up  to  the  present  most 
streets  lighted  by  incandescent  gas  at 
ordinary  pressures,  in  towns  where  elec- 
tric light  mains  are  laid,  are  so  lighted 
chiefly  on  the  score  of  cheapness,  the 
supporters  of  gas  lighting  claiming  that 
electric  light  was  beaten  in  the  competi- 
tion, as  the  light  given  by  carbon  or 
other  lamps  available  up  till  recently 
was  not  equal  to  the  light  of  an  ordinary 
gas  mantle ;  while  for  many  streets  the 
cost  of  arc  lighting,  even  with  the  lamps 
spaced  as  far  apart  as  possible,  was  pro- 
hibitive. Whatever  truth  there  was  in 
these  statements  then  has  considerably 
altered  now,  for  an  ordinary  6o-watt 
metal  lamp  without  any  reflector  will, 
from  the  point  of  view  of  the  ordinary 
public,  produce  the  same  results  as  a 
good  gas  mantle  in  the  heyday  of  its 
youth,  while  with  reflectors  the  effect 
can    be     considerably     increased.       The 


other  advantages,  from  an  electrical 
point  of  view,  are  that  no  special  mains 
are  necessary,  with  the  same  fitting  dif- 
ferent candle-power  lamps  graded  ac- 
cording to  the  importance  of  the  streets 
can  be  employed,  lamps  that  fail  can  be 
renewed  at  any  time  without  trouble,  the 
candle-power  of  the  lamp  does  not  ap- 
preciably diminish  with  age,  and  last, 
but  not  least,  the  average  life  of  the 
lamps  is  a  revelation.  In  the  author's 
own  experience,  some  18  months  has 
given  an  average  life  of  very  nearly 
1,100  hours,  individual  lamps  lasting 
6,750,  5,450  and  5,044  hours  on  a  circuit 
at  230  volts  where  a  large  and  fluctuat- 
ing power  demand  does  not  make  for  a 
particularly  steady  volt  chart. 

"In  conclusion,  the  author  would  urge 
all  station  engineers  to  unite  in  trying 
to  obtain  what  he  considers  the  neces- 
sary powers  to  enable  them  to  utilize  to 
the  full  the  immense  power  put  into  their 
hands  by  this  epoch-marking  invention, 
and  by  themselves  getting  into  personal 
contact  with  their  consumers,  putting 
before  them  the  great  advantages  of 
more  light  for  the  same  money  instead 
of  the  same  light  for  less  money." 


OIL  ENGINES  FOR  CENTRAL  STATIONS. 

A  COMPARISON   BETWEEN   STEAM,   GAS  AND  OIL  POWER  FOR   MEDIUM-SIZED  PLANTS. 

A.  J.  J.  Pfeiffer — Institution  of  Electrical  Engineers. 


THE  claims  of  the  oil  engine  work- 
ing on  the  Diesel  principle  to 
recognition  as  a  competitor  of 
steam  and  gas  engines  in  central-station 
design  are  presented  in  a  recent  paper  by 
Mr.  A.  J.  J.  Pfeiffer  before  the  Institu- 
tion of  Electrical  Engineers.  The  author 
notes  that  in  the  discussion  of  the  com- 
parative merits  of  steam  and  internal- 
combustion  prime  movers  the  gas  engine 
is  almost  universally  accepted  as  the  only 
practicable  representative  of  the  latter. 
Oil  engines,  however,  are  now  built  in 
units  up  to  800  horse  power,  and  manu- 
facturers are  prepared  to  construct  units 
up  to  4,000  horse  power.  Now  that  the 
limitations  of  size  are  so  far  removed 
the  peculiar  advantages  of  this  type  of 
prime  mover  may  be  expected  rapidly  to 
win  for  it  a  position  of  importance  in  the 
central  station  field.    Mr.  Pfeiffer  directs 


special  attention  to  its  superior  economy 
of  operation  as  compared  with  steam  and 
gas  engines. 

In  speaking  of  "oil  engines,"  Mr. 
Pfeiffer  refers  only  to  those  working  on 
the  Diesel  principle,  since  only  that  type 
up  to  the  present  is  constructed  in  sizes 
large  enough  to  be  considered  a  factor 
in  central-station  design.  The  cycle  of 
operations  is  as  follows :  Air  at  atmos- 
pheric pressure  and  temperature  is  drawn 
into  the  cylinder;  this  air  is  compressed 
to  about  450  to  500  pounds  per  square 
inch  and  the  temperature  rises  to  900  to 
1,000  degrees  P.,  far  above  the  ignition 
point  of  oil ;  oil  fuel  at  a  constant  pres- 
sure of  700  to  800  pounds  pel  square  inch 
is  blown  into  the  cylinder  a  little  before 
the  end  of  the  compression  stroke,  by 
means  of  air  compressed  by  a  special 
pump,   combustion   takes   place   and   th? 
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products  of  combustion  do  work  by  ex- 
pansion ;  the  waste  gases  are  exhaust<'(l 
to  atmosphere,  the  exhaust  pressure  at 
the  cylinder  being  about  40  pounds. 

"Tlie  principal  difference  between  the 
Diesel  oil  engine  and  the  ordinary  gas 
engine  lies  in  the  fact  that  only  the  air 
used  for  combustion  is  compressed,  the 
fuel  being  gradually  injected  after  this 
compression  of  the  air  has  taken  place, 
the  resultant  great  advantage  being  the 
elimination  of  the  possibility  of  prema- 
ture ignition,  no  sudden  increase  of  pres- 
sure, and,  therefore,  less  strain  on  the 
working  parts.  Manufacturers  of  Diesel 
engines  are  now  following  closely 
in  the  footsteps  of  the  gas  engine  de- 
velopment, and  are  adopting  the  two- 
cycle  and  also  the  double-acting  principle 
for  large  units,  giving  one,  two,  or  four 
working  strokes  per  revolution.  To  ob- 
tain the  two-cycle  result,  the  principle  of 
scavenging  is  resorted  to  by  blowing 
fresh  air  at  a  pressure  of  5  pounds  into 
the  cylinder  near  the  end  of  stroke  3, 
clearing  out  the  waste  exhaust  gases  and 
filling  the  cylinder  with  a  new  charge. 
Strokes  i,  3  and  4  of  the  four-cycle  en- 
gine are  thus  combined. 

*'The  size  of  oil  engines  working  on 
the  Diesel  principle  has  increased  rapidly 
of  late.  Three  to  four  years  ago  a  450 
brake  horse  power  unit  was  the  largest 
actually  running,  while  to-day  there  is  in 
service  a  verticle  800  brake  horse  power 
set  of  the  four-cylinder  single-acting 
four-stroke  type,  having  a  speed  of  150 
revolutions  per  minute.  This  latter  en- 
gine has  only  the  cylinder  and  air  pump 
water  jacketed,   and   it   is   probably   the 

I  limit  of  size  to  which  engines  can  be 
constructed  without  having  recourse  to 
water  cooling  the  piston,  exhaust  valves, 
etc.  For  larger  outputs  some  manufac- 
turers are  devoting  themselves  to  the 
development  of  the  two-cycle  engine,  the 
largest  at  present  running,  being  of  750 
brake  horse  power,  while  others  of  equal 
repute  are  adhering  to  the  simpler  and 
less  complicated  four-cycle  principle, 
their  latest   design   being  based  on   the 

(horizontal  twin-tandem  double-acting 
type,  giving  four  working  strokes  per 
revolution,  and  on  this  design  they  are 
prepared  to  construct  units  up  to  4,000 
brake  horse  power." 


As  regards  reliability  and  simplicity, 
so  im])ortant  in  the  operatio.i  of  a  cen- 
tral stali(jn  plant,  this  type  of  oil  engine 
leaves  nothing  to  be  desired,  and  as  far 
as  the  latter  factor  is  concerned  the  oil 
engine  i^lant  is  certainly  much  superior 
to  either  steam  or  gas.  The  engine  is 
started  up  a  few  minutes  before  work  is 
expected  of  it;  the  costly  standby  losses 
of  a  steam  or  gas  generating  plant  are 
entirely  avoided.  All  labor  in  connection 
with  fuel  handling  is  done  away  with, 
and,  in  consequence,  the  wages  bill  of  an 
oil  engine  plant  is  about  one-half  to  two- 
thirds  that  of  a  steam  or  gas  plant.  An- 
other advantage  of  the  oil  engine  is  that 
once  it  is  thoroughly  well  installed  and 
adjusted  it  is  much  more  fool-proof  than 
either  a  steam  or  a  gas  engine. 

Like  a  gas  engine  the  overload  capac- 
ity of  an  oil  engine  is  limited  to  about  15 
to  20  per  cent.,  and  this  must  be  taken 
into  consideration  in  connection  with 
plants  designed  on  very  close  margins 
between  maximum  loads  and  total  kilo- 
watts installed.  The  speed  regulation 
approximates  easily  to  that  obtained  in 
a  steam  engine  and  can  be  made  to  come 
to  within  3  per  cent.,  or  even  less,  be- 
tween no  load  and  full  load.  As  regards 
satisfactory  conditions  of  parallel  opera- 
tion, a  speed  variation  of  i -250th  to 
i-300th  can  easily  be  obtained  witli  a 
four-cylinder  four-cycle  single-acting 
engine  with  a  small  fly-wheel.  To  ob- 
tain the  same  result  with  three  cylinders, 
however,  requires  a  flywheel  of  cast 
steel,  the  use  of  the  ordinary  heavy  cast- 
iron  flywheel  being  advisable  only  for 
speed  variations  up  to  i-i6oth. 

The  type  of  engine  under  considera- 
tion can  burn  almost  any  liquid  fuel ; 
petroleum  residue,  gas  oils  and  paraffin 
oils  are  successfully  employed  in  Eng- 
land and  on  the  Continent.  Of  late  a 
new  source  of  oil  fuel  has  been  found  in 
gas  plants.  Carburetted  water  gas  plants 
give  off  an  oil  tar  as  by-product  which 
makes  an  admirable  oil-engine  fuel  with 
a  calorific  value  of  about  0.9  that  of 
crude  petroleum,  or  about  16.500  B.  t.  u. 
per  pound.  So  far  as  crude  petroleum  is 
concerned,  the  reliability  of  supply  and 
the  price  fluctuations  may  be  regarded  as 
no  worse  than  coal.  At  present  the  price 
in  England  is  between  50s.  and  55s.  per 
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ton,  in  South  America,  about  60s,,  and  in 
India,  45s.  to  50s. 

Mr.  Pfeiffer  chooses  as  a  basis  of  com- 
parison a  plant  dealing  with  a  maximum 
effective  load  of  1,600  kilowatts,  and  con- 
siders three  types  of  load,  lighting,  com- 
bined lighting  and  power,  and  traction, 
having  annual  load  factors  of  17.5,  33 
and  52  per  cent,  respectively.  The  divi- 
sion of  engine  units  is  assumed  as  fol- 
lows: for  the  17.5  per  cent,  load  factor, 
five  400-kilowatt  sets  (one  reserve)  and 
one  loo-kilowatt  set;  for  the  33  per  cent, 
load  factor,  four  400-kilowatt  sets  (one 
reserve)  and  two  200-kilowatt  sets;  for 
the  52  per  cent,  load  factor,  five  400- 
kilowatt  sets  (one  reserve).  In  the  first 
case  the  total  capacity  of  the  installation 
is  2,100  kilowatts,  in  the  other  two,  2,000 
kilowatts.  In  each  case  it  is  assumed 
that  five  (one  reserve)  units  are  pro- 
vided for  both  boiler  and  producer  plants. 

A  consideration  of  first  cost  leads  to 
the  conclusion  that  the  difference  in  cap- 
ital outlay  between  strictly  high-class 
steam,  gas  and  oil  plants  is  but  nominal. 
Mr.  Pfeiffer  estimates  the  total  cost  of 
buildings  and  equipment  for  steam,  gas 
and  oil  plants  at,  respectively,  £24.5, 
£23.5,  and  £23  to  £25,  per  kilowatt  in- 
stalled. Fuel  consumptions  are  worked 
out  on  the  basis  of  consumption  per  ef- 
fective kilowatt-hour  output,  consump- 
tion covering  standby  losses,  and  an  al- 
lowance, ranging  from  20  to  5  per  cent., 
to  cover  inefficient  handling,  loss  of  effi- 
ciency in  the  plant,  etc.  The  overall 
thermodynamic  efficiencies  of  steam,  gas 
and  oil  plants  as  derived  from^  fuel-con- 
sumption data  are,  respectively,  5.6  to  8.7 
per  cent.,  11.7  to  14.5  per  cent.,  and  25.7 
to  27.8  per  cent,  for  load  factors  between 
17.5  and  52  per  cent.  For  the  same  range 
cf  load  factor,  the  actual  fuel  consump- 
tions for  the  three  types  of  plants  are 
estimated,  respectively,  as  4.67  to  3.08 
pounds,  2.25  to  1.82  pounds,  and  0.72  to 
0.66  pounds  per  unit  generated.  Again  for 
the  same  range  of  load-factor,  the  total 
works  cost  per  effective  unit  generated, 
including  cost  of  fuel,  oil,  waste,  water, 
stores,  salaries  and  wages,  and  mainte- 
nance and  repairs,  varies  from  0.666  to 
0.422  pence  for  steam  plants  using  coal 
at  15s.  per  ton,  0.585  to  0.418  pence  for 


gas  plants  using  coal  at  25s.  per  ton,  and 
0.436  to  0.338  pence  for  oil  plants  when 
crude  petroleum  costs  60s.  per  ton.  Mr. 
Pfeiffer  concludes  that  these  results 
show  that  the  internal-combustion  engine 
working  on  the  Diesel  principle  possesses 
advantages  both  from  a  technical  as  well 
as  a  commercial  standpoint  which  will 
make  this  type  of  prime  mover  a  most 
important  factor  in  future  central-sta- 
tion practice.  Its  limit  of  application 
depends  primarily  upon  relative  fuel 
costs ;  it  probably  cannot  compete  with 
steam  or  gas  engines  in  the  immediate 
neighborhood  of  coal  centres,  but  where 
coal  costs  are  high,  it  undoubtedly  pos- 
sesses overwhelming  advantages  over 
steam  and  gas  engines. 

The  superior  economy  within  certain 
limits  of  fuel  costs  of  the  Diesel  engine 
in  central-station  work  leads  to  the  ques- 
tion whether  the  Diesel  plant  can  suc- 
cessfully compete  with,  or,  rather,  take 
the  place  of,  sub-station  distribution, 
especially  in  connection  with  very  large 
systems  where  generating  costs  are  low. 
Mr.  Pfeiffer  takes  the  case  of  a  large 
distributing  system  in  London,  having  an 
outlying  central  station  feeding  ten  sub- 
stations, each  having  the  output  of  the 
oil-engine  plant  considered  above.  Trans- 
mission is  by  means  of  high-tension  un- 
derground cable,  each  station  being 
debited  with  five  miles  of  duplicate  cable, 
and  conversion  by  means  of  transform- 
ers and  rotaries,  the  transmission  and 
conversion  loss  being  14  per  cent.  It  is 
estimated  that  the  capital  cost  of  the  ten 
local  Diesel  plants,  based  on  two-cycle 
engmes,  would  be  £560,000,  as  against 
£635,000  for  the  central-station  sub- 
station scheme.  The  difference  in  oper- 
ating cost  in  favor  of  the  Diesel  plants 
would  be,  for  the  same  load  factors  al- 
ready considered,  respectively,  0.22, 
0.122,  and  0.084  pence  per  effective  unit. 
Mr.  Pfeiffer  concludes  that  the  oil  en- 
gine should  be  considered  in  connection 
with  extensions  to  existing  central  sta- 
tions, or  in  cases  where  it  is  a  question 
of  supplying  power  at  points  so  far  re- 
moved from  the  main  station  as  to  in- 
volve heavy  additional  capital  and  oper- 
ating expenditure  in  connection  with 
transmission  and  conversion. 
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Rec— June  26,  1909.     No.  6002. 
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Design. 

Stray  Thoughts  on  Bridge  Design  and 
Maintenance,  Herbert  C.  Keith.  Ex- 
tracts from  a  paper  read  before  the 
Conn.  Soc.  of  Civ.  Engrs.  Discusses  tim- 
ber floor  details,  cast-iron  shims  in  tres- 
tles, paint,  etc.  2500  w.  Eng  News — 
July  29,   1909.     No.   6772.  ^ 

Erection. 

Erection  of  the  Tremont  Avenue 
Bridge,  New  York.  Illustrates  and  de- 
scribes an  ingenious  system  of  erection 
with  powerful  steel  derricks  and  a  gal- 
lows frame.  2000  w,  Eng  Rec — July  3, 
1909.     No.  6173. 

The  Erection  of  the  Richelieu  River 
Bridge.  Illustrates  and  describes  methods 
of  erecting  double  track  spans,  to  re- 
place single-track  spans,  using  old  piers, 
without  interfering  with  regular  trains 
on  the  Grand  Trunk  Ry.  1000  w.  Eng 
Rec — July  24,  1909.  No.  6647. 
Failures. 

The    Peoria    Bridge     Failure.     Account 
of  the  collapse  of  a  concrete  bridge,  due 
to  bad  foundations.    Ills.    1800  w.    Cement 
Age — July,  1909.     No.  6442. 
Maintenance. 

See   Design,   under   Bridges. 
Masonry. 

On  Preservation  Work  at  the  Old 
Bridge  of  Ayr.  Arthur  Hamilton  Wilson. 
Describes  pointing  the  surface  of  the 
bridge,  construction  of  cross  walls,  etc, 
underpinning  the  piers,  cutting  out  and 
replacing  damaged  stones.  Ills.  1200  w. 
Inst  of  Civ  Engrs — No.  3798.  No.  6450  N. 
Reinforced    Concrete. 

Concrete  in  the  Galveston  Causeway. 
H.  Prime  Kieffer.  Illustrates  and  de- 
scribes the  construction  of  this  cause- 
way, which  will  join  the  island  to  the 
mainland,  and  especially  the  extensive 
use  of  concrete.  2500  w.  Mfrs'  Rec — 
July  15,  1909.  No.  6318. 
Steel. 

Difficult  Bridge  Work  in  Great  Britain. 
A  short  summary  of  interesting  erection 
work,  with  illustrations.  3500  w.  Eng 
News — July  I,  1909.     No.  6085. 

A  Curious  Highway  Bridge.  S.  E. 
Fitch.  Illustrated  description  of  a  struc- 
ture ,near  Havana,  Cuba.  500  w.  Eng 
News — July  8,   1909.     No.  6228. 

The  Fort  Snelling  Bridge.  Illus- 
trated detailed  description  of  the  design 
and  ■  construction  of  this  highway  bridge 
across  the  Mississippi  river.  1700  w.  Eng 
Rec — June  26,   1909.     No.  5999. 

Short-Span  Bridges  Over  City  Cross- 
ings. Illustrates  and  describes  the  short- 
span  steel  bridges  recently  built  under 
,  agreement  of  the  City  of  New  York,  in 
connection  with  extensive  railway  im- 
provements. 3000  w.  Eng  Rec — July  10, 
1909.     Serial.     1st  part.,    No.  6257. 

See   also   Erection,    urtder   Bridges. 


Viaducts. 

A  Reinforced-Concret'e  Viaduct  With 
Some  Structural  Steel  Reinforcement, 
Takoma  Park,  Md.  Illustrated  description 
of  a  structure  in  which  I-beams  are  em- 
ployed as  the  basis  of  the  reinforced-con- 
crete  beams  and  struts  wherever  possible. 
1000  w.  Eng  News — July  i,  1909.  No. 
6084. 

CONSTRUCTION. 
Columns. 

The  Rankine-Gordon  and  Euler's 
Formulae  for  Columns.  W.  E.  Lilly. 
Aims  to  show  that  if  the  analysis  on 
which  Euler's  formula  is  based  is  cor- 
rectly interpreted,  it  really  leads  to  the 
Rankine-Gordon  formula;  and  that  if 
Euler's  formula  is  rational,  so  also  is  the 
Rankine-Gordon  formula.  1300  w.  Engng 
— July  2,   1909.     No.  6302  A. 

The  Strength  of  Compression  Mem- 
bers. Edward  Godfrey.  Aims  to  show 
that  the  strength  of  a  column  considered 
as  a  spring  is  independent  of  the  elastic 
strength  of  the  material.  Also  that  the 
Gordon-Rankine  formula  leads  some- 
times to  dangerous  conclusions.  3000  w. 
R  R  Age  Gaz — July  2,  1909.  No.  6128. 
Concrete. 

Recent  Examples  of  Concrete  Con- 
struction. J.  F.  Springer.  Dlustrates 
and  describes  recent  work,  showing  the 
progress  in  the  use  of  plain  and  rein- 
forced-concrete.  3500  w.  Cassiers'  Mag 
—July,  1909.     No.  6349  B. 

A  Concrete  Mixing  and  Handling 
Plant  for  Constructing  a  Dam,  With 
Some  Details  of  Cofferdam  Work.  Illus- 
trates and  describes  the  plant  used  in 
constructing  a  dam  across  the  Connecti- 
cut River,  at  Bellows  Falls,  Vt.  1200  w. 
Engng-Con — June  23,  1909.  No.  6018. 
Contractors'  Plants. 

A  Simple  Plant  for  Building  a  Dam 
and  Reservoir.  Illustrates  and  describes 
a  convenient  and  cheap  construction  sys- 
tem adopted  at  Russelville,  Ark.  900  w. 
Eng  Rec — July   10,   1909.     No.  6253. 

The  Construction  Plant  for  the  Gat'un 
Locks  of  the  Panama  Canal.  Illustrates 
and  describes  the  more  important  de- 
tails and  general  layout  of  the  plant  for 
the  handling  of  stone,  sand  and  cement, 
the  mixing  and  placing  of  the  concrete, 
and  the  main  power  station.  3500  w. 
Eng  Rec — July  17,  1909.  No.  6396. 
Cost  Estimating. 

Cost  Estimating;  A  Discussion  of 
Principles  with  Actual  Estimates  for 
Contract  Work.  Jean  Bart  Balcomb. 
6500  w.  Engng-Con — July  14,  1909. 
No.  6333. 
Cost-Keeping. 

The  Cost-Keeping  System  of  the 
United  States  Reclamation  Service.  De- 
scribes methods  of  giving  a  uniform  sys- 
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tem  so  that  projects  can  be  compared 
where  conditions  are  similar,  especially 
adapted  to  government  work.  3500  w. 
ling  Rec — July  10,   1909.     No.  6256. 

Factories. 

Materials  and  Methods  of  Construc- 
tion for  Industrial  Buildings.  J.  P.  H. 
Perry.  Compares  the  qualities  and  costs 
of  reinforced-concrete  and  mill  con- 
struction. 4500  w.  Engineering  Maga- 
zine— Aug.,   1909.     No.  6753  B. 

Failures. 

Failures  in  Engineering  Constructions. 
Dr.  Charles  B.  Dudley.  From  the  presi- 
dential address  to  the  Am.  Soc.  of  Test. 
Mat.,  June  29,  1909.  A  discussion  of  the 
causes  and  the  question  of  responsibility. 
4000  w.     Ir  Age — July  i,  1909.     No.  6061. 

Foundations. 

Foundation  for  the  Building  for  the 
U.  S.  Naval  Experiment  Station  at  An- 
napolis, Md.  Harrison  W.  Latta.  De- 
scribes the  conditions  and  the  methods 
used  in  constructing  pile  foundations  and 
fill.  3000  w.  Pro  Engr's  Club  of  Phi  la 
— Jan.,  1909.     No.  6360  D. 

New  Methods  of  Building  Foundations 
in  the  United  States  (Nouvelles  Meth- 
odes  employees  aux  Etats-Unis  pour  la 
Fondation  des  Batiments).  Edmond 
Henry.  Describes  recent  practice  from 
■the  point  of  view  of  a  French  engineer. 
Ills.  Serial,  ist  part.  4000  w.  Genie 
Civil — June  5,  1909.     No.  6546  D. 

Grain  Elevators. 

The  Mt.  Clare  Grain  Elevator,  Balti- 
more, Illustrated  description  of  a  rein- 
forced-concrete  elevator  divided  into 
small  bins  which  are  leased.  2500  w. 
Eng   Rec — July   3,    1909.     No.   6172. 

Hydraulic  Filling. 

Hydraulic  Filling  in  Mining  and  Con- 
struction on  Land  and  in  Water  (Das 
Spiilverfahren  im  Berg-,  Erd-  und  Was- 
serbau).  Jul.  Fiedler.  Illustrated  out- 
line of  various  applications.  3300  w. 
Oest  Wochenschr  f  d  Oeffent  Baudienst 
— June  12,  1909.     No.  6599  D. 

Reinforced  Concrete, 

An  analysis  of  the  Reinforced-Con- 
crete  T-Beam.  Edward  Godfrey.  A 
criticism  of  the  analytical  methods  com- 
monly employed.  1200  w.  Ind  Engng — 
July   15,   1909.     No.  6679  C. 

Experience  with  Siegwart  Beams 
(Ausfiihrungen  mit  Siegwartbalken).  F. 
Steiner.  Describes  and  discusses  mathe- 
matically the  construction  of  the  Olten 
electric  station.  Ills.  2700  w.  Beton  u 
Eisen. — June   10,   1909.     No.  6706  F. 

The  Design  of  Rectangular  Slabs  Sup- 
ported on  A.11  Sides  (Beitrag  zur  Berech- 
nung  der  rechteckigen,  ringsum  auflieg- 
enden  Flatten).  Jovo  Simic.  Mathe- 
matical. Ills.  2500  w.  Oest  Wochen- 
schr f  d  Oeffent  Baudienst — June  5,  1909. 
No.  6598  D. 
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Stresses  and  Strains  in  Reinforced- 
Concrete  Subjected  to  Simple  or  Com- 
pound Bending  (Tensioni  e  Dc^ormazioni 
reali  nclle  Slrutture  di  Ccmcnto  armato 
soggctte  a  Flessione  scmplice  o  com- 
posta).  C.  Parvopassu.  Mathematical. 
Ills.  Serial,  ist  part.  4000  w.  Ann  d 
Soc  d  Ing  e  d  Arch  Ital — June  i,  1909. 
No.  6552  F. 

Engine  House  with  Separately  Molded 
Roof  Members.  Illustrates  and  describes 
details  of  interest  in  the  construction  of 
an  engine  house  at  Waterbury,  Conn. 
2500  w.  Eng  Rec — July  10,  1909.  No. 
6252. 

The  Mount  Carmel  Wing  of  the  Cha- 
teau Frontenac,  Quebec.  H.  P.  Borden. 
Illustrated  description  of  an  extension  in- 
creasing the  capacity  of  this  famous  hotel 
50  per  cent.  Reinforced-concrete  con- 
struction is  largely  used.  3500  w.  Eng 
Rec — July  24,    1909.     No.   6648. 

Reinforced-Concrete  Construction  in 
the  Extension  of  the  Ludwig-Maximilion 
University,  Munich  (Die  Eisenbeton- 
konstruktionen  bei  dem  Erweiterungsbau 
der  Kgl.  Ludwig-Maximilians-Universi- 
tiit  Miinchen).  J.  Bosch.  Describes  many 
interesting  features.  Ills.  Serial,  ist 
part.  1000  w.  Beton  u  Eisen — June  10, 
1909.     No,  6707  F. 

See  also  Factories  and  Grain  Elevators, 
under  Construction  ;  and  Torpedo  Test- 
ing,    under     MARINE     AND     NAVAL 
ENGINEERING. 
Retaining  Walls. 

Retaining  Walls  for  Sloping  Ground 
(Gli  Speroni  in  IVIuratura  per  Sostegno 
delle  Terre  nelle  Scarpate).  Lorenzo 
Caracciolo.  Mathematical  discussion  of 
their  design.  Ills.  3500  w.  Ing  Ferro — 
June  15,  1909.  No.  6557  D. 
Stacks. 

Design  of  Steel  Draft  Stacks.  Birger 
F.*  Burman.  Directions  for  calculating 
stresses,  and  different  resultant  forces. 
Ills.  3300  w.  Eng  Rec — July  17,  1909. 
No.  6402. 
Steel. 

The  Boston  Safe  Deposit  &  Trust 
Company's  Building.  Illustrated  detailed 
description  of  a  steel-cage  building,  10- 
stories  above  the  curb.  2500  w.  Eng  Rec 
— J  Lily  3,    1909.     No.   6177. 

The  Denver  Stock  Pavilion.  Illustrated 
description  of  a  one-story  steel  building 
unobstructed  by  columns,  and  surrounded 
on  all  sides  by  inclined  tiers  of  seats. 
900  w.  Eng  Rec — July  17,  1909.  No. 
6401. 
Tunnels. 

Practical  Test  of  a  Tunnel  Boring  Ma- 
chine. John  Tyssowski.  Illustrates  and 
describes  the  machine  and  its  work  in 
excavating  a  drain  tunnel  near  46th  St. 
New  York  City,  looo  w.  Eiig  &  Min 
Jour — June  26,   1909.     No.  6012. 
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The  Rotherhithe  Tunnel.  Edward 
Henry  Tabor.  Illustrated  description  of 
the  construction  of  this  tunnel  under,  the 
Thames.  Also  discussion.  27500  w. 
Inst  of  Civ  Engrs,  No.  3743 — Dec.  8, 
1908.     No.  6448  N. 

Bridge  and  Tunnel  Project's  for  Cross- 
ing the  Harbor  of  Sydney,  New  South 
Wales.  An  illustrated  description  of  the 
projects  for  furnishing  direct  communi- 
cation across  the  harbor.  Also  editorial 
on  the  relative  merits  of  bridges  and 
tunnels  for  river  crossings.  3500  w.  Eng 
News — July  29,  1909.     No.  6774. 

The  Loetschberg  Tunnel.  H.  Prime 
Kieffer.  Illustrated  description  of  the 
construction  of  this  tunnel  under  the  Ber- 
nese Alps.  2500  w.  R.  R.  Age  Gaz — July 
2,  1909.     No.  6127. 

Building  the  Simplon  Tunnel  (Der 
Bau  des  Simplontunnels).  Konrad  Pres- 
sel.  A  review  and  detailed  description 
of  the  work.  Ills.  Serial,  ist  part.  2000 
w.  Zeitschr  d  Oest  Ing  u  Arch  Ver — 
June  II,  1909.     No.  6594  D. 

See    also     Sewers,    under    Municipal; 
and   Tunnels,   under   RAILWAY   ENGI- 
NEERING,      Permanent      Way      and 
Buildings. 
Underpinning. 

Underpinning  a  Leaning  Chimney  with 
Concrete  Caissons.  Ogden  Merrill.  Il- 
lustrated description  of  methods  used  in 
Jersey  City,  N.  J.  1000  w.  Eng  News — 
July  I,  1909.     No.  6086. 

MATERIALS  OF '  CONSTRUCTION. 

Cement. 

The  Setting  of  Portland  Cement'  and 
Its  Regulation.  Reviews  a  recent  paper 
by  H.  K.  G.  Bamber  before  the  Con- 
crete Institute  of  Great  Britain.  4500  w. 
Eng  Rec — June  26,  1909.     No.  5997. 

Determination  of  the  Effect  of  Age 
and  Exposure  upon  the  Tensile  Strength 
of  Portland  Cement  Before  Use.  Charles 
C.  Phelps,  Gilbert  C.  Ridgway,  Edward 
A.  Ward,  and  Bigelow  Watts.  From  a 
graduation  thesis.  Report  of  tests.  Ills. 
5000  w.  Stevens  Ind — April,  1909.  No. 
6629  D. 

Disintegration  of  Fresh  Cement  Floor 
Surfaces  by  the  Action  of  Smoke  Gases 
at  Low  Temperatures.  Alfred  H.  White. 
Read  before  the  Am.  Soc.  for  Test.  Mat. 
Gives  data  as  to  manner  of  laying  the 
floors,  and  the  investigations  made.  1300 
w.  Engng-Con — July  14,  1909.  No.  6330. 
Concrete. 

Influence  of  Storing  Gauged  Cement 
Mortar  or  Concrete  Upon  Its  Capacity 
for  Hardening.  H.  Burchart'z.  Results 
of  comparative  tests.  8ov>  w.  Cement 
Age— July,  1909.  No.  6443. 
Fireproof. 

Comparative  Fire  Tests  of  Various 
Building      Materials ;      Brick,      Concrete, 


Clay,  Tile  and  Stone.  Condensed  from 
Bui.  370,  U.  S.  Geol.  Survey,  by  Richard 
L.  Humphrey.  13500  w.  Engng-Con — 
July  14,  1909.     No.  6332. 

The  Fire-Resistive  Properties  of  Var- 
ious Building  Materials.  Richard  L. 
Humphrey.  Explains  the  character  of 
investigations  made,  the  materials  tested, 
apparatus  used,  methods  of  conducting 
tests,  and  the  results.  Ills.  28000  w.  U 
S  Geol  Surv — Bui.  370.  No.  6454  N. 
Mortars.  • 

The  Decomposition  of  Mortars  by  Wa- 
ters Containing  Sulphates  (Experiences 
sur  la  Decomposition  des  Mortiers  par 
les  Eaux  sulfatees).  J.  Bied.  Read  be- 
fore the  Congress  of  Applied  Chemistry. 
Results  of  investigations.  Ills.  7500  w. 
Rev.  de  Metal — June,  1909.  No.  6514 
E  -F  F. 
Paints. 

Waterproof  and  Fireproof  I'aints 
(Peintures  sous-marines  et  Peintures 
ignifuges).  Ch.  Cofiinier.  Read  before 
the  Congress  of  Applied  Chemistry.  Dis- 
cusses the  materials  available,  particu- 
larly for  marine  work.  2200  w.  Rev  de 
Metal — June,  1909.  No.  6512  E  +  F. 
Reinforced  Concrete. 

Test's  of  Bond  of  Steel  Bars  Embedded 
in  Concrete.  H.  C.  Berry.  Read  before 
the  Am.  Soc.  for  Test.  Mat.  Describes 
tests  made  by  various  methods  and  re- 
sults. 2000  w.  Eng  Rec — July  24,  1909. 
No.   6646. 

Tests  of  Plain  and  Reinforced  Con- 
crete Columns.  M.  O.  Whitney.  Read  be- 
fore the  Am.  Soc.  for  Test.  Met.  Illus- 
trated report  of  test's  made  in  the  labora- 
tory at  the  Univ.  of  Wisconsin  during  the 
past  year.  3500  w.  Eng  Rec — July  10, 
1909.     No.  6254. 

Compression  Tests  of  Concrete  Rein- 
forced by  Nails.  Leon  S.  Moisseiff. 
Abstract  of  a  paper  before  the  Am.  Soc. 
for  Test.  Met.  Explains  the  practical 
need  of  this  material  and  the  results  of 
investigations.  1500  w.  Engng-Con — 
July  14,  1909.     No.  6329. 

The  Ability  of  Reinforced  Concrete  to 
Sustain  Great  Elongations.  A  communi- 
cation by  M.  Considere  to  the  French 
Academy  of  Sciences,  translated  fronl 
No.  5  of  its  Comptes  Rendus.  Experi-j 
mental  investigations.  1200  w.  Cement? 
— July,  1909.  No.  6741  C. 
Steel. 

The  Condition  of  the  Steel  Work  in  a 
San  Francisco  Building  Erected  13  Years 
Ago.  Frank  B.  Gilbreth.  Reports  the 
conditions  of  steel  work  in  the  Mutual 
Life  Insurance  Co.'s  building  after  being 
subject  to  earthquake  and  fire,'  and  the 
conclusions  drawn.  1500  w.  Cement — 
June,  1909.     No.  6376  C. 

Tests  of  the  Stability  of  Steel  Con-j 
struction    (Zweiter    Bericht    iiber    Festig- 
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keitsversuche  mit  Eiscnkonstruktionen). 
Report"  of  the  Testing  Conitnitlec  of  the 
German  Steel  Contractors'  Assn.,  on  the 
strength  of  rivettcd  joints.  Ills.  5000  w. 
Zeitschr  d  Ver  Deutschcr  Ing— June  26, 
1909.     No.   6731   D. 

Steel  Specifications. 

New  Specifications  for  Shapes,  Plates 
and  Rails.  Gives  the  changes  recom- 
mended by  committee  A  of  the  American 
Society  for  Testing  Materials.  4500  w. 
Ir  Age — July  i,  1909.     No.  6063. 

Timber. 

Crushing  Tests  on  Water-Soaked  Tim- 
bers. Edward  C.  Sherman.  Brief  report 
of  tests.  500  w.  Eng  News — July  i, 
1909.     No.  6088. 

Specifying  and  Inspecting  Lumber. 
From  comment  by  W.  F.  Goltra,  on  the 
paper  read  by  J.  M.  McCarthy  before  the 
Ry.  Storekeepers'  Assn.  Urges  the 
adoption  of  the  standard  rules  of  the 
manufacturers,  and  inspection  at  the  mill 
or  shipping  point.  1000  w.  R.  R.  Age 
Gaz — July  23,  1909.     No.  6632. 

MEASUREMENT. 
Cement  Testing. 

Portland  Cement :  The  Le  Chatelier 
Test  for  Soundness.  Arthur  Charles 
Davis.  Reports  results  of  tests  on  the 
expansion  of  cements  and  conclusions, 
2500  w.  Inst  of  Civ  Engrs — No.  2)777- 
No.  6451  N. 
Testing  Machines. 

A  5000-Ton  Testing  Machine.  Illus- 
trated description  of  the  large  testing 
machine  being  built  for  the  laboratories 
of  the  United  States  Geological  Survey. 
1500  w.     Sci  Am — July  10,  1909.    No.  6240. 

Principal  Features  of  a  1,200,000  lbs. 
Capacity  Testing  Machine.  Thorsten  Y. 
Olsen.  Read  before  the  Am.  Soc.  for 
Test.  Mat.  An  illustrated  description, 
with  special  reference  to  a  new  system 
of  transmitting  the  pressure  developed 
in  an  hydraulic  cylinder  to  the  scale 
beam.  2000  w.  Ir  Trd  Rev — July  29, 
1909.     No.  6776. 

MUNICIPAL. 
City  Building. 

Building  an  Industrial  City.  Illus- 
trated description  of  the  development  of 
the  residence  portion  of  Gary,  Indiana; 
the  public  utilities  problems  and  how  they 
were  handled.  2000  w.  Ir  Age — July  i, 
1909.  No.  6059. 
City  Planning. 

The  Future  Prince  Rupert  as  Con- 
ceived by  the  Landscape  Architects. 
George  D.  Hall.  Plans  and  illustrated 
description  of  the  Pacific  terminal  city 
of  the  Grand  Trunk  Pacific  Railway,  as 
designed,  3000  w,  Archt  Rec — Aug., 
1909.     No,   6754   C, 

We  supply  copies  of  these 


Drainage. 

Drainage  Interceptor  Traps  and  Ven- 
tilation. S.  E.  lUirgcss.  Pater  and  dis- 
cussion before  the  inst.  of  Co.  &  Munic. 
I.ngrs,  An  explanation  of  the  author's 
views  and  practice.  5500  w.  Surveyor — 
July  2,   1909.     No,  6297  A. 

See    also    Canals,    under    Waterways 
AND   Harbors. 
Pavements. 

Notes  on  Wood  Block  Paving.  Mal- 
colm B.  Bennett.  Considers  details  of 
construction.  3500  w.  Surveyor — July 
16,   1909.     No.  6664  A, 

The  Petrolithic  Pavement.  D,  Lee 
Wardroper.  Describes  this  system  of 
road  construction  and  the  use  of  the 
roller  tamper,  1800  w.  Eng  News — July 
29,  1909.  No.  6773. 
Public  Baths. 

New  Municipal  Bath  at  Milan  (Nuovo 
Bagno  municipale  a  Milano  al  Ponte 
delle  Gabelle).  Describes  a  large  modern 
installation.  Ills.  3000  w.  Monit  Tech 
—June  30,  1909,  No.  6553  D. 
Refuse  Disposal. 

The  New  Garbage  Reduction  Plant  at 
St,  Louis.  Very  extensive  works  to 
handle  the  entire  garbage  output  of  the 
city,  and  to  reclaim  by-products,  are  il- 
lustrated and  described.  4000  w.  Eng 
Rec — July  3,  1909.  No.  6176. 
Roads. 

Highway  Engineering  in  Schools  and 
Colleges.  Logan  Wallace  Page.  Read 
before  the  Soc.  for  the  Pro.  of  Engng. 
Ed.  Suggestions  for  instruction  in 
building  and  maintenance  of  roads.  1800 
w.     Engng-Con — July  21,  1909.     No.  6610. 

LTnneccssary  Width  of  Country  Roads 
and  City  Streets.  Editorial  discussion 
called  forth  by  report  of  Robert  J. 
Thompson  concerning  German  practice. 
1500  w.  Eng  News — July,  1909.  No. 
6620, 

The  Examination  of  Bituminous  Ma- 
terials for  Road  Construction.  From  a 
paper  by  Clifford  Richardson  and  C.  N. 
Forrest,  before  the  Am.  Soc,  for  Test. 
Mat.  Describes  methods  in  use  in  the 
N,  Y,  testing  laboratory.  2000  w.  Eng 
Rec — July   10,   1909.     No.  6258. 

The  Effect  of  Free  Carbon  in  Tars 
from  the  Standpoint  of  Road  Tr(^atment. 
Prevost  Hubbard.  Read  before  the  Am. 
Soc,  for  Test,  Mat.  A  report  of  in- 
vestigations made  to  determine  the  effect, 
4500  w,     Engng-Con — July  14,  1909,     No. 

Methods  of  Constructing  Roads  Over 
Soft  Ground.  Explains  methods  em- 
ployed to  secure  good  foundations  for 
roads  crossing  bogs,  swamps,  etc.  3000 
w.     Engng-Con — June  30,   1909.  No.  61 17. 

Asphalt  Macadam  Roadways.  Clifford 
Richardson.      Read    at    road    congress    it 
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Yukon-Alaska-Pacific  Ex.  Reviews  ex- 
perience in  road  construction  and  con- 
siders the  essentials  for  success  in  the 
use  of  the  materials  named.  1300  w. 
Eng  Rec — July  17,  1909.     No.  6400. 

An  "Accelerated  Test"  of  Road  Wear 
by  Automobile  Traffic.  Illustrated  report 
of  the  effect  of  heavy  motor-bus  traffic 
on  a  paved  highway  in  Germany.  Also 
editorial.  2000  w,  Eng  News — July  8, 
1909.     No,  6227. 

Roads  for  Automobile  Traffic  (Die 
Anpassung  der  Strassen  an  die  Auto- 
mobile). Alfred  Ritter  Weber  von  Eben- 
hof.  A  review  of  the  discussion  at  the 
Paris  road  congress.  Ills.  8300  w.  Oest 
Wochenschr  f  d  Oeffenf  Baudienst — June 
26,  1909.  No.  6701  D. 
Sanitation. 

State  Health  Laws  and  the  Engineer. 
F.  Herbert  Snow.  On  the  state  regula- 
tion of  water-works  systems  and  drain- 
age systems.  2000  w.  Pro  Engrs'  Club 
of  Phila — Jan.,    1909.     No.  6362  D. 

Disinfection  of  a  Large  Dairy  Prem- 
ises and  Many  Employees  After  Scarlet 
Fever.  Charles  E.  North.  Describes  how 
the  work  was  carried  out.  2000  w.  Eng 
News — July  22,  1909.  No.  6621. 
Sewage  Disposal. 

Modern  Aspect's  of  Sewage  Disposal 
and  Sewerage  Problems.  T.  Aird  Mur- 
ray. Read  before  the  Saskatchewan 
Med.  Assn.  Discusses  various  systems 
and  their  value.  6500  w.  Can  Engr — 
July    16,    1909.     No.   6377. 

Discussion  on  Topics  Connected  With 
Sewage  Disposal.  8000  w.  Pro  Engrs' 
Club   of   Phila — Jan.,   1909.     No.  6363   D. 

Some  Notes  on  the  Tank  Treatment 
of  Sewage,  Based  on  the  Fifth  Report 
of  the  Royal  Commission.  A.  P.  I.  Cot- 
terell.  Considers  the  subject  from  an 
engineering  point'  of  view.  Discussion. 
4000  w.  Surveyor — June  18,  1909.  No. 
6032  A. 

Sewage  Purification  Works  Visited  in 
Europe.  George  S.  Webster.  Describes 
interesting  features  observed.  3500  w. 
Pro  Engrs'  Club  of  Phila — Jan.,  1909. 
No.  6361  D. 
Sewage  Testing. 

Sewage  Testing  Station  for  the  City 
of  Philadelphia.  Illustrated  description  of 
details  of  the  equipment  and  work  of 
investigation,  with  a  view  of  determin- 
ing the  processes  best  adapted  to  se- 
cure desired  results.  2500  w.  Eng  Rec 
— July  17,  1909.  No.  6399. 
Sewers. 

Sea  Outfall-Sewers.  Ben  Howorth. 
Considers  the  requirements  of  'such  sew- 
ers, and  describes  outfall-sewers  on  the 
British  Coasts.  5000  w.  Inst  of  Civ 
Engrs  (Students'  paper  No.  615.) — Feb. 
13,   1908.     No.  6453  N. 

We  supply  copies  of  these 


Sewer  Tunnelling.  Alfred  E.  Snape. 
Read  before  the  Inst',  of  Co.  and  Munic. 
Engrs.  Describes  methods  used  in  actual 
practice.  Ills.  6000  w.  Surveyor — July 
9,   1909.     Serial,  ist  part.     No.  6415  A. 

Stone  Crushing. 

New  Stone-Crushing  Plant  of  the 
Dolese  &  Shepard  Company.  Illustrated 
description  of  the  plant  at  Gary,  111.,  and 
its  operation.  3500  w.  Eng  Rec — July  24, 
1909.     Serial,  ist  part.     No.  6650. 

Street  Records. 

Method  of  Keeping  Data  Relating  to 
Street  Lines  and  Grades.  H.  A.  Varney. 
Explains  the  method  used  by  the  town 
of  Brookline,  Mass.  900  w.  Eng  News 
— July  8,  1909.     No.  6225. 

WATER    SUPPLY. 
Artesian  Wells. 

Conservation  of  Our  Artesian  Water- 
Supply.  Frederick  G.  Clapp.  Considers 
the  amount  of  underground  water,  its 
uses,  causes  of  decline,  &c.  5000  w. 
Eng  News — July  15,  1909.  No.  6384. 
Ashokan. 

The  New  Water  Supply  of  New  York 
City.  H.  Prime  Kieffer.  Describes,  the 
Ashokan  water  system,  now  under  con- 
struction. Ills.  3000  w.  Munic  Engng — 
July,  1909.  Serial,  ist  part.  No.  6444  C. 
Civil-Service  Law. 

Civil  Service  in  Its  Application  to  the 
Water  Department.  Joseph  C.  Pelletier. 
An  explanation  of  the  Civil  Service  law 
as  applied  to  this  service.  Discussion, 
5500  w.  Jour  N  Eng  W-Wks  Assn — 
June,  1909.  No.  6464  F. 
Cofferdams. 

See  Concrete,   under  Construction. 
Dams. 

Some  Observations  on  the  Stability  of 
Dams.  J.  F.  Jackson.  Presented  to  the 
W.  Soc.  of  Engrs.  Discusses  the  man- 
ner of  calculating  and  constructing  the 
various  generally  accepted  types.  Dia- 
grams. General  discussion.  2500  w.  Eng 
News — July  29,   1909.     No.  6771. 

The  Slide  in  the  Necaxa  Hydraulic- 
Fill  Dam,  Notes  by  James  D,  Schuyler 
on  the  design  of  the  dam  and  its  failure. 
Ills.  Also  editorial.  3500  w.  Eng  News 
—July    15,    1909.     No.    6385. 

Hydraulic-Fill  Dams  and  the  Necaxa 
Accident.  Editorial  on  the  recent  slip 
of  a  portion  of  this  dam  near  the  City 
of  Mexico,  and  tlie  lesson  it  should 
teach.  1500  w.  Eng  Rec — July  3,  1909. 
No.  6171. 

The  Designs  for  Emergency  Movable 
Dams  for  the  Panama  Canal.  Drawings 
and  description  of  the  present  accepted 
designs  explaining  the  method  of  oper- 
ation. 3500  w.  Eng  News — July  22, 
1909.     No.    6619. 

See  also  Concrete,  under  Construc- 
tion. 
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Distribution. 

The  Distribution  of  the  Waters  of  the 
Mology  (La  Distribution  des  Eaux  du 
Mology).  K.  A.  Rrcucr.  Describes 
novel  features  in  connection  with  the 
works  for  utiHzing  the  waters  of  this 
small  Swiss  river.  Ills.  Serial,  ist  part. 
2300  w.  Bui  Tech  d  1  Suisse  Romande — 
June  25,   1909.     No.  6541   D. 

Filtration. 

The  Cost  of  Four  Slow  Sand  Filter 
Plants  and  Cost  of  Operation.  4500 
w.  Engng-Con — July  7,  1909.  No.  6205. 
Water  Filters  of  Providence,  R.  I. 
Illustrated  description  of  the  construc- 
tion of  slow  sand  filters  for  the  purifica- 
tion of  the  water  supply.  2500  w.  Mu- 
nic.    Jour    &    Engr — July    21,    1909.      No. 

(H55- 
Government  Control. 

See   Sanitation,   under   Municipal. 
Intakes. 

The  Intake  of  the  Water  Works  at 
Algiers,  Louisiana.  Illustrated  descrip- 
tion of  an  intake  designed  specially  to 
meet  difficult  local  conditions.  1500  w. 
Eng  Rec — July  3,   1909.     No.  6175. 

Water  Intake  for  the  Jones  & 
Laughlin  Steel  Company.  Francis  Don- 
aldson. Illustrated  description  of  work 
in  connection  with  the  new  Aliquippa 
plant  on  the  Ohio  River.  1600  w.  Eng 
Rec — July  17,  1909.  No.  6397. 
Pipe  Electrolysis. 

Lead-Covered  Cables  a  Cause  of  Elec- 
trolysis Upon  Water  and  Gas  Pipes. 
A.  A.  Knudson.  Discusses  electrolysis 
caused  by  bonding  the  lead  sheaths  to  the 
railway  return,  examining  methods  of 
construction.  Ills.  4000  w.  Jour  N  Eng 
W-Wks  Assn — June,  1909.  No.  6461  F. 
Pipe  Flow. 

The  Flow  of  Water  in  Pipes,  Culverts, 
and  Channels.  Ernest  H.  Essex.  Read 
before  the  Inst',  of  Co.  &  Munic.  Engrs. 
A  comparison  of  different  formulae  in 
use,  and  a  record  of  recent  tests.  3000 
w.  Surveyor — July  16,  1909.  No.  6663  A. 
Reservoirs. 

A  Huge  Filtered  Water  Reservoir  for 
London.  Illustrations,  with  short  de- 
scription. 1000  w.  Sci  Am — July  3, 
1909.     No.  6090. 

Covered    Reservoirs.     Frank   L.   Fuller. 
Gives    experience    in   the   use   of   concrete 
in     their     construction     and     in     making 
them  watertight.     1800  w.     Jour   N   Eng 
W-Wks   Assn — June.    1909.     No.   6463    F. 
Two     Accidents     to     Reinforced     Con- 
crete  Reservoirs.     An   illustrated   account 
'    of    accidents     to    reservoirs    at     Guthrie, 
and    Oklahoma    City,   and   the   method   of 
repairing.      1000   w.      Eng    Rec — June    26, 
T909.     No.  S998. 
Run-off. 

Yield  of  Water,  Rainfall,  Etc.,  on  a 
Moorland    Watershed.      S.    Ilutton.     Ab- 

}Ve  suf^ply  cofyics  of  these 


stract  of  paper  read  before  tl>c  Inc. 
Assn.  of  Munic.  &  Co.  Engrs.  Gives 
results  obtained  and  particula.s  relating 
to  two  watersheds.  1000  w.  Engr,  Lond 
—July  16,  1909.  No.  6693  A. 
Stream  Gauging. 

Measurement  of  Water  Speed  with 
the  Pitot  Tube  fUebcr  die  Mcssung  von 
Wassergeschwindigkeitcn  mit  der  Pitot- 
schen  Rohre).  K.  Ellon.  Describes  the 
device  and  its  theory.  Ills.  2800  w. 
Zeitschr  d  ver  Deutscher  Ing — June  19, 
1909.  No.  6728  D. 
Water  Lift. 

Supplying  a  High-Level  Reservoir  by 
the  Discharge  of  a  Reservoir  at  a  Lower 
Level  (Alimentation  d'un  Reservoir  sure- 
leve  par  la  Conduite  dc  Refoulement 
d'un  Reservoir  inferieur),  P.  Aristide 
Berges.  Describes  an  arrangement  by 
which  water  is  raised  by  the  energy  in 
water  at  a  lower  level  but  without  loss. 
Ills.  2000  w.  Genie  Civil — June  26, 
1909.  No.  6550  D. 
Water  Woiks. 

The  Water  Works  of  West  Spring- 
field, Massachusetts.  Brief  description 
with  plan  and  sections.  1500  w.  Eng 
Rec — July  10,  1909.    No.  6259. 

Notes  on  Newton,  N.  J.,  Water  Works 
Construction  and  Litigation.  Louis  L. 
Tribus.  Illustrated  detailed  description 
of  the  plant,  and  account  of  suits  for 
damages.  Discussion.  6000  w.  Jour  N 
Eng  W-Wks  Assn — June,  1909.  No. 
6460  F. 
Water- Works  Valuation. 

Water-Works  Appraisements  in  Mis- 
souri and  Kansas.  Clinton  S.  Burns.  .\ 
brief  description  of  nine  appraisements 
made  for  municipalities.  2200  w.  Eng 
News — July  29,  1909.  No.  6769. 
Weirs. 

The  Flow  of  Water  Over  Oblique 
Weir  Plates.  Results  of  experiments. 
by  Dr.  O.  G.  Aichel,  on  the  discharge  of 
water  over  weir  plates  oblique  to  the 
axis  of  the  flowing  stream.  i>oo  w.  Eng 
Rec— July    3.    1909.     No.   6174. 

WATERWAYS  AND  HARBORS. 

Antwerp. 

The  New  Harbor  Works  at  Antwerp 
(Die  ncuen  Hafcnanlagcn  von  Antwerp- 
en).  W.  Kaemmerer.  Illustrated  de- 
scription of  a  sea  wall,  a  new  lock,  and 
o»ther  works.  3300  w.  Zeitschr  d  Vrr 
Deutscher  Ing — June  5,  1909.  No.  6720  D. 

3arge  Canal. 

The  ICxcavating  and  Dredging  Outfit 
on  the  Oneida  River  Section.  Contract 
No.  12,  of  the  New  York  State  Barge 
Canal.  Extract  from  the  Barge  Canal 
March  Bulletin,  1909.  Describes  the  con- 
ditions and  the  equipment  for  carrying 
out  the  work.  4000  w. — Eng  News — July 
29,  1909.     No.  6768. 

(irticles.     Sec  page  lo^fS. 
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Breakwaters. 

See  Sea  Walls,  under  Waterways  and 
Harbors. 
Canals. 

The  Cape  Cod  Ship  Canal.  Brief  illus- 
trated account  of  this  canal  now  under 
construction,  between  Barnstable  Bay  and 
Buzzard's  Bay.  1500  w.  Eng,  Rec — 
July  24,  1909.     No.  6645. 

The  Sanitary  District  of  Chicago,  and 
the  Chicago  Drainage  Canal :  A  Review 
of  20  Years  of  Engineering  Work.  Isham 
Randolph.  With  colored  map,  profile, 
and  cross-sections.  9000  w.  Eng  News 
— July  22,  1909.  No.  6618. 
Dredging. 

See   Rangoon,   under   Waterways   and 
Harbors  ;   and  Dredges,  under  MARINE 
AND  NAVAL  ENGINEERING. 
Flood  Protection. 

Flood  Protection  in  the  Kansas  River 
Valley  at  Kansas  City.  J.  Y.  Olesen. 
Gives  recommendations  for  flood  pro- 
tection, taken  from  the  Army  Engr's  re- 
port, and  H.  N.  Pharr's  report.  3000  w. 
Eng  News — July  15,  1909.  No.  6387. 
France. 

French  Commercial  Harbors  (Nos 
Ports  de  Commerce).  C.  Boutillier.  A 
discussion  of  their  condition,  improve- 
ments necessary  and  the  means  whereby 
they  can  be  realized.  7000  w.  Tech 
Mod — June,  1909.  No.  6537  D. 
Lock  Gates. 

An  Attempt  to  Destroy  Canal  Lock- 
Gates  by  Dynamite.  An  account  of  an 
attempt  made  in  1900  to  injure  gates  on 
the  Welland  Canal.  700  w.  Eng  News — 
July  I,  1909.     No.  6083. 

Hydraulically  Operated  Lock  Gates  at 
Meppen,  Dortmund-Ems  Canal  (Com- 
mande  Hydraulique  des  Portes  I'Ecluse 
de  Meppen,  Canal  de  Dortmund  a 
I'Ems).  Illustrated  description.  2000 
w.      Genie    Civil — June    26,     1909.      No. 

6551   D. 
Locks. 

Accident  at  Sault  Ste.  Marie.  Illus- 
trated description  of  the  recent  accident 
in  which  the  lock  gates  were  carried 
away.  1500  w.  Marine  Rev — July,  1909. 
No.   6322. 

The  Accident  on  the  Sault  Ste.  Marie 
Canal.  Editorial  on  the  recent  accident 
which  carried  away  the  lock-gates  of  the 
Canadian  Canal.  2000  w.  Engng — July 
9,   1909.     No.  6425  A. 

The  Lessons  of  the  Soo  Lock  Acci- 
dent. Editorial  discussion  of  the  cause 
of  the  accident,  and  its  effect  upon  the 
judgment  as  to  the  Panama  Canal.  2000  w. 
Eng  Rec — June  26,  1909.     No.  5995. 

The  Locks  of  the  Panama  Canal.  An 
illustrated  article  reporting  the  progress 
of  lock  excavation  and  describing  the 
lock  structures.  5000  w.  Eng  News — 
July   15,   1909.     No.  6382. 


Constructing  the  Concrete  Locks  of 
the  Panama  Canal.  H.  Prime  Kieffer. 
Illustrates  and  describes  the  methods  of 
construction  and  the  material-handling 
plants.  2000  w.  Sci  Am — July  17,  1909. 
No.   6334-. 

Mechanical  Ship-Lifts  (Ueber  Schiffs- 
hebewerke  mit  Schraubenfiihrung).  Fr. 
Jebens.  Describes  lift  locks  operated  by 
screws.  Ills.  2000  w.  Deutsche  Bau 
— June  12,  1909.  No.  6576  B. 
Panama  Canal. 

A  Sea-Level  Canal  at  Panama — A 
Study  of  It's  Desirability  and  Feasibility. 
Discussion  of  Henry  G.  Granger's  paper 
on  this  subject.  17500  w.  Bui  Am  Inst 
of  Min  Engrs — July,  1909.  No.  6476  F. 

The  Panama  Canal.  J.  F.  Springer. 
An  illustrated  account  of  the  work  in 
progress,  the  machinery  used,  and  the 
construction  details.  5000  w.  Ir  Age — 
July  I,  1909.     Serial,  ist  part.     No.  6060. 

The  Panama,  a  Machine  Made  Canal. 
Illustrates  and  describes  machines  being 
used,  comparing  the  result's  with  hand 
labor.  4000  w.  Am  Mach — Vol  32.  No. 
28.     No.  6325. 

Construction  of  the  Obispo  Diversion 
in  Connection  with  the  Panama  Canal 
Work.  Illustrated  description  of  the 
work,  with  topographical  map  and  profile. 
3000  w.  Eng  Rec — June  26,  1909.  No. 
5996. 

See    Also    Contractors'    Plants,    under 
Construction  ;      Dams,      under      Water 
Supply;    and   Locks,   under   Waterways 
AND  Harbors. 
Piers. 

New  San  Francisco  Shipping  Piers, 
with  Concrete  Cylinder  Foundations  and 
Fireproof  Deck  and  Superstructure. 
John  G.  Little.  Illustrated  description. 
2000  w.  Eng  News — July  8,  1909.  No. 
6229. 
Pollution. 

The  Present  Problem  as  to  the  Pol- 
lution of  Lake  Michigan.  Editorial  on 
the  present  condition  and  the  proper 
remedy.  1600  w.  Eng  News — ^July  15, 
1909.  No.  6386. 
Rangoon. 

New  Port  Works  at  Rangoon.  Illus- 
trates and  describes  extensive  improve- 
ments in  progress,  and  special  features 
in  the  design  of  the  dredger  pipe  line. 
2000  w.  Engr,  'Lond — July  16,  1909. 
Serial,  ist  part.  No.  6691  A. 
Rhone. 

The  Navigability  of  the  Rhone  (La 
Navigabilite  du  Rhone).  Pierre  Clerget. 
A  discussion  of  geographical  conditions, 
regulation  problems  and  economic  con- 
siderations. 5800  w.  Rev.  Gen  des  Sci 
— June  30,  1909.  No.  6530  D. 
Ruhrort. 

The  Duisburg-Ruhrort  Harbor  (Vom 
Ausbau  des  Hafens  zu  Duisberg-Ruhrort). 


Jff  supply  copies  of  these  articles.     See  page  104 
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Describes  various  parts  of  the  works.  Ills. 
Serial,  ist  part.  2000  w,  Deutsche  Bau — 
June  19,  1909.     No.  6577  B. 

Seattle. 

The  Harbor  at  Seattle,  Washington. 
11,  Cole  Estep.  The  second  of  a  series 
of  articles  describing  the  principal  har- 
bors of  the  Pacific  coast.  Ills.  4000  w. 
Marine  Rev — July,  1909.     No.  6323. 

Sea  Walls. 

Sea    Walls    and    Breakwaters.      James 
Hill    Forman.      Deals     principally    with 
conditions    in    Great    Britain.      4500    w. 
Inst   of  Civ   Engrs    (student's   paper   No. 
607) — Dec.  23,   1907.     No.  6452  N. 

Saved  by  Its  Wonderful  Concrete  Sea 
Wall,  Albert  Phenis.  An  account  of  the 
way  the  Galveston  sea  wall  endured  a 
recent  severe  storm.  3000  w.  Mfrs  Rec 
—July  29,  1909.     No.  6755. 

U.  S.  Waterways. 

The  Fourteen-Foot  Channel  from  St. 
Louis   to    the    Gulf,     A    full   abstract   of 


the  report  of  the  Mississippi  River  im- 
provement board.  Information  on  the 
cost  and  usefulness  of  a  deep  .vaterway 
from  Chicago  to  the  Gulf  of  Mexico, 
adverse  to  the  project.  3500  w.  Kng 
Rec — June  26,  1909.  Serial,  ist  part. 
No.  6003. 
Wharves. 

The  Paris-Austerlitz  Wharf  and  Pub- 
lic Sheds  (Port  et  Magasins  publics  dc 
Paris-Austerlitz).  Ch.  Dantin.  Illus- 
trated description  of  a  covered  wharf  on 
the  Seine  at  Paris.  5000  w.  Genie  Civil 
— June  26,  i9fJ9.     No.  6549  D, 

MISCELLANY. 
Forestry. 

Some  Problems  of  Forestry.  Leslie 
B.  Seely,  Considers  the  economic  side 
of  the  problem,  showing  results  achieved 
in  European  countries ;  discusses  the  in- 
fluence of  forests  on  precipitation  and 
drainage.  6000  w.  Jour  Fr  Inst — July, 
1909.     No.   6352   D. 


ELECTRICAL  ENGINEERING. 


COMMUNICATION. 
Radiotelegraphy. 

The      Theory      of      Coupled      Circuits, 

'-  Louis  Cohen,  A  mathematical  paper 
developing  a  method  of  solving  the  prob- 
lems, and  yet  avoiding  the  difficulty  of 
getting  the  roots  of  a  biquadratic  equa- 
tion. These  coupled  circuits  are  used 
to  increase  the  energy  for  radiation  in 
wireless  telegraphy.  4000  w.  Bui  Bureau 
of  Stand — May,   1909.     No.  6371   N. 

The  Lepel  Wireless  Telegraph  Sys- 
tem. Baron  von  Lepel.  Aims  to  show 
that  Count  Arco's  telefunken  system  is 
an  intentional  copy  of  the  von  Lepel  sys- 
tem. Also  an  experimental  investigation 
of  the  latter  system,  made  by  J,  Erskine- 
Murray,  3500  w.  Elect'n,  Lond — June 
18,   1909.     No.  6030  A. 

Telegraph  Wires. 

Testing  and  Care  of  Wires.  V.  T. 
Kissenger,  From  a  paper  read  before 
the  Ry  Telegraph  Supts.  Assn.  General 
directions.  700  w,  R,  R.  Age  Gaz — July 
30,  1909.     No.  6783, 

Telephone  Cables. 

The  Modern  Telephone  Cable.  Frank 
B.  Jewett,  Considers  the  essential  re- 
quirement's and  how  nearly  the  present 
dry-core  cable  meets  them.  5000  w.  Pro 
Am  Inst  of  Elec  Engrs — July,  1909.  No, 
6495  F, 

Telephony. 

New  Telephone  Installations  in  Paris 
(Nouvelles  Installations  Telephoniques 
de  Paris).  H,  E.  A.  Andre.  Describes 
interesting    features    of    practice,    appar- 

We  supply  copies  of  these 


atus,    installations,    etc.      Ills,      2100    w. 
Bui   Soc   Int  d  Elccns — June,   1909.     No, 
6505  F. 
Telephotography. 

A  New  System  of  Electric  Tele- 
photography and  Its  Possibilities  for  the 
Electrical  Transmission  of  Living  Pic- 
tures (Ein  neues  System  der  elcktrischen 
Fernphotographie  und  die  aus  demselbcn 
sich  ergebenden  Aussichten  der  Uebcr- 
tragung  hebender  Bilder  auf  elektrischem 
Wege),  Robert  Schonhofer.  Illustrated 
description.  2000  w,  Elektrotechniker — 
June  25,   1909.     No,  6708  D. 

DISTRIBUTION, 

Fuses. 

Some  Considerations  in  Designing 
Heavy  Capacity  Fuses,  Louis  W,  Downes. 
Considers  the  subject  theoretically,  giv- 
ing calibration  tests  supporting  some  of 
the  deductions,  and  explains  the  actual 
operation  of  the  fuse  under  short-cir- 
cuit. 4000  w.  Pro  Am  Inst  of  Elcc 
Engrs — July,  1909,     No.  6494  F, 

Motor  Circuits. 

Supply  Circuits  for  Electric  Motors. 
Cecil  P.  Poole.  Gives  a  method  of  find- 
ing the  correct  size  of  wire,  or  the  loss 
in  a  motor  circuit.  3500  w.  Power — 
July  27,   1909.     No.  6740. 

DYNAMOS   AND   MOTORS. 
A.  C.  Dynamos. 

Electromotive  Force  Wave-Shape  in 
Alternators.  Comfort  A,  Adams.  An 
application  of  the  methods  of  connecting 
the  shape  of  the  rlux-distribution  curve 
with  the  e.   m.   f.  wave  shape,  developed 

articles.     See  page  10^8. 
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by  the  writer,  with  an  illustration  taken 
from  Mr.  Bache  Wiigs  paper.  3500  w. 
Pro  Am  Inst  of  Elec  Engrs — July,  1909. 
No.  6488  F. 

A  Method  of  Compounding  Alternat- 
ors by  Means  of  Condensers.  W.  Linke. 
Trans  from  Elektrotechwirschf  Zeit. 
Describes  interesting  tests  on  a  small  ma- 
chine. 600  w.  Elec  Engr,  Lond — July 
2,  1909.  No.  6292  A. 
A.  C.  Motors. 

Improvement  of  Power-Factor  and 
Commutation  Conditions  in  Single-Phase 
Series  Motors.  A.  S.  McAllister.  Dis- 
cusses methods  of  overcoming  disadvan- 
tageous conditions  with  reference  to  the 
low  power-factor  and  sparking.  5000  w. 
Jour  Fr  Inst — Jul)%  1909.     No.  6354  D. 

Three-Phase  Device  for  Driving  Pho- 
nograph and  Moving-Picture  Machines. 
Francis  M.  Weldon.  Illustrated  descrip- 
tion of  a  device  for  operating  a  phono- 
graph and  moving-picture  machine  in  or- 
der to  produce  the  image  and  sounds  at 
the  same  time.  1200  w.  Elec  Wld — July 
29,  1909.  No,  6762. 
A.  C.  Turbo-Generators. 

Turbo-Generators  (Turbodynamos  und 
Turboelektromotoren).  F.  Niethammer. 
Describes  and  discusses  the  leading  types 
of  alternating-current  machines.  Ills. 
Serial,  ist  part.  7200  w.  Zeitschr  d  Ver 
Deut'scher  Ing — June  26, 1909.  No.  6730  D. 
Armatures. 

Alternator  Armature  Windings.  Ed- 
gar Knowlton.  Gives  methods  of  de- 
termining the  correctness  of  armature 
connections,  principally  when  the  con- 
nections are  unsymmetrical.  700  w.  Elec 
Wld — July  I,  1909.  No.  6107. 
Controllers. 

Automatic  Motor  Control.  H.  E. 
White.  Explains  the  methods  by  which 
the  results  are  attained.  2000  w.  Pro 
Am  Inst  of  Elec  Engrs — July,  1909.  No. 
6499  F. 

Special    Motor-Controlling    Devices    in 
the    Rolling    Mill    of    the    Indiana    Steel 
Company,    Gary,    Ind.       Illustrated     de- 
scription.     1500    w.      Elec    Wld — July    8, 
1909.     No.   5222. 
Induction  Motors. 

A  Sketch  of  the  Theory  of  the  Ad- 
justable-Speed, Single-Phase,  Shunt  In- 
duction Motor.  F.  Creedy.  Discusses 
the  variation  of  the  speed  of  these  ma- 
chines from  synchronism.  7500  w.  Pro 
Am  Inst  of  Elec  Engrs — July,  1909.  No. 
6490   F. 

The  Current  Locus  of  the  Single-Phase 
Induction  Motor.  A.  S.  Langsdorf. 
Mathematical  treatment  giving  experi- 
mental results.  1500  w.  Pro  Am  Inst  of 
Elec    Engrs — July,    1909.      No.    6484    F. 

Multispeed  Induction  Motors.  H.  G. 
Reist  and  H.  Maxwell.  The  methods  of 
varying   the   speed  are   briefly  considered 


anq  the  design  and  selection  of  types 
discussed.  2000  w.  Pro  Am  Inst  of  Elec 
Engrs — July,    1909.     No.   6497   F. 

Induction  Motor  Characteristics  and 
Their  Relation  to  Its  Application.  J.  W. 
Rogers.  An  illustrated  article  discussing 
the  choice  of  motors  for  the  operation 
of  machinery.  4000  w.  Cassier's  Mag — 
July,   1909.     No.  6347  B. 

Speed  Control  of  Induction  Motors  by 
Cascade  Connection.  H.  C.  Spechf. 
Describes  different  schemes  for  possible 
speed  combinations  in  a  cascade  set  and 
considers  the  performances.  2500  w. 
Elec  Jour — July,  1909.  No.  6438. 
Railway  Motors. 

The  Speed  of  Railway  Motors  (Ueber 
die  Bemessung  der  Umdrehungszahl  bei 
elektrischen  Bahnmotoren).  W.  Kum- 
mer.  A  mathematical  discussion  of 
motor  design  to  give  a  certain  speed 
under  specified  load  conditions.  Ills. 
3500  w.  Schweiz  Bau — June  12,  1909. 
No.  6579  B. 
Reactance  Coils. 

The  Use  of  Reactance  Coils  in  Gener- 
ating Stations.  P.  Junkerfeld.  Read  be- 
fore the  N.  E.  L.  A.  Discusses  the  ad- 
visability of  using  reactance  coils  for 
protection  of  generators.  Also  editorial. 
4500  w.  Elec  Age — June,  1909.  No. 
6129. 

Practical  Design  of  Reactance  Coils  for 
Turbo-Generators.  A.  S.  Loizeaux. 
Read  before  the  N.  E.  L.  A.  Information 
in  regard  to  designing,  testing  and  oper- 
ating. Ills.  2500  w.  Elec  Age — June, 
T909.  No.  6130. 
Rheostats. 

Rheostats  for  Series  Machines  (Reo- 
statos  para  Maquinas  serie).  Ricardo 
Caro.  Mathematical  discussion.  Serial, 
1st  part.  2000  w.  Energia  Elec — June 
10,  1909.  No.  6558  D. 
Windings. 

Application  of  Shortcned-Pitch  Wind- 
ings (Die  Verwendung  des  verkiirzten 
Wickelschritt'es).  F,  Punga.  Discusses 
their  application  to  d.  c.  and  three-phase 
generators  and  motors  and  to  single- 
phase  commutator  motors.  Ills.  3000  w. 
Elektrotech  u  Maschinenbau — ^June  13, 
1909.     No.  6715  D. 

ELECTRO-CHEMISTRY. 

Cells. 

Characteristics  of  Dry  Cells,  F.  H. 
Loveridgc.  Read  before  convention  of 
the  Supt's.  of  Telegraphs.  Gives  some  of 
their  characteristics  and  indicates  what 
classes  of  service  they  are  adapted  to 
meet,  and  precautions  necessary  for  their 
practical  working.  3500  w.  Sig  Engr — 
July,   1909.     No.  6435. 

Three  Years'  Practice  of  the  Town- 
send  Cell.  L,  H.  Baekeland.  Read  be- 
fore   the    Int.    Cong,    of    Ap.    Chem..    in 
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London.      Report'   from   data   gathered    at 
the    Niagara   plant.     2500   w.     Elec-Cheni 
&   Met   Ind — July,    1909.     No.   6193   C. 
Detinning. 

The  Detinning  Industry  in  Italy  (L'ln- 
dustria  dclla  Distagnatura  c  Ic  sue  Con- 
dizioni  in  Italia).  Mario  Lombardi.  De- 
scribes methods,  plants,  etc.  ."^500  w,  In- 
dustria — June  13,  1909.  No.  6554  D. 
Electroplating. 

Making  Up  Small  Electroplating  So- 
lutions, Particularly  Those  of  Gold,  by 
the  Use  of  a  Porous  Cup.  Illustrated 
description  of  a  process  suited  for  making 
up  small  solutions.  2000  w.  Brass  Wld — 
July,  1909.  No.  6477. 
Nitrogen, 

The  Fixation  of  Atmospheric  Nitro- 
gen. Sam  Eyde.  Illustrated  description 
of  the  Birkeland-Eyde  process.  3500  w. 
Sci  Am  Sup — July  3,   1909.     No.  6091. 

The  Manufacture  of  Saltpeter  from  the 
Air  by  the  Process  of  the  Badische  Ani- 
lin  &  Soda  Fabrik.  A  general  description 
of  the  process.  2000  w.  Elec  Rev,  N.  Y. 
— June  26,  1909.     No.  6017. 

ELECTRO-PHYSICS. 

Alternating  Currents. 

Even  Harmonics  in  Alternating-Cur- 
rent Circuits.  John  B.  Taylor.  A  dis- 
cussion of  usual  and  special  conditions 
giving  rise  to  even  harmonics  in  alter- 
nating-current circuits.  Ills.  1500  w. 
Pro  Am  Inst  of  Elec  Engrs — July,  1909. 
No.  6496  F. 
Electric  Waves. 

Distorted  Waves  and  Their  Analysis 
by  a  Simple  Method.  Henr^  Hermann. 
Outlines  the  method  and  analysis  of 
typical  waves.  5000  w.  Eke  Rev,  N  Y — 
July    17,    1909.     No.    6394. 

Experimental  Method  for  the  Analysis 
of  E.  M.  F.  Waves.  P.  G.  Agnew.  De- 
scribes experiments  made  to  determine 
whether  it  is  possible  to  get  an  approxi- 
mate value  of  the  first  and  second  har- 
monics present  in  an  e.  m.  f.  wave  by 
»  means    of    ordinary   portable    instruments 

I         and  calibrated  condensers,  2500  w.    Elec. 
Wld — July   15,   1909.     No.  6336. 

The  Coefficient  of  Reflection  of  Elec- 
trical Waves  at  a  Transition  Point.  Louis 
Cohen,  Develops  an  expression  for  the 
ratios  of  the  reflected  and  transmitted 
waves  to  the  incoming  wave  at  a  trans- 
ition point,  900  w.  Bol  Bureau  of 
Stand— May,  1909.     No.  6373  N. 

Graphical  Computation  of  Fourier's 
Constants  for  Alternating-Current  Waves. 
Charles  S.  Slichter.  Describes  a  method 
of  analysis  requiring  the  wave  form  to 
be  plotted  on  specially  prepared  co-or- 
dinate paper,  once  for  each  harmonic, 
and  the  curve  to  be  measured  by  plani- 
meter.  Also  editorial  note.  1500  w, 
Elec  Wld— July  15,   1909.     No.  6338. 

We  supply  copies  of  these 


Heat  Convection, 

The  Convection  of  Heat  from  Small 
Copper  Wires.  A.  E.  Kennclly,  C.  A. 
Wright  and  J.  S.  Van  Bylcvclt,  De- 
scribes a  research  made  on  the  convective 
loss  of  heat  from  small  copper  wires,  of 
less  than  0.7  mm.  rjr  27.5  mils  diameter, 
presenting  quantitative  results.  Ills.  5500 
w.  Pro  Am  Inst  of  Elec  Engrs — July 
1909.     No.  6483  F, 

Rontgen  Rays. 

An  Apparatus  for  Generating  High- 
Tension  Direct  Current  for  the  Produc- 
tion of  Rontgen  Rays  (Ein  Apparat  zur 
Erzeugung  hochgcspannten  Gleichstroms 
fiir  die  Rfintgentechnik).  Martin  Hoch- 
stadter.  Illustrated  description.  Serial, 
1st  part.  3200  w.  Elektrotetch  u  Mas- 
chinenbau — June  13,  1909.     No.  6716  D. 

GENERATING   STATIONS. 
Accumulators. 

The  Application  of  Storage  Batteries 
to  the  Regulation  of  the  Alternating- 
Current  Load  at  the  Plant  of  the  In- 
diana Steel  Company,  Gary,  Indiana.  J. 
Lester  Woodbridge.  A  brief  general 
description,  giving  an  account  of  the 
actual  commercial  operation.  Ills.  3000 
w.  Pro  Am  Inst  of  Elec  Engrs — July, 
1909.     No.  6493  F. 

See   also   Electric,   under  Automobiles. 
Central  Stations. 

Central  Stations  in  Towns  of  Less 
Than  4000  Population.  James  S.  Knowl- 
son.  Abstract  of  a  paper  read  before  the 
Nat  Elec  Lgt  Assn.  Considers  conditions 
essential  to  success  and  satisfactory  serv- 
ice. Ills.  3500  w.  Elec  Rev,  N.  Y. — 
Julv  24,   T909.     No.  6653. 

Small  English  Central  Station.  Charles 
Dawson.  Illustrated  description  of  prac- 
tice in  small  English  towns.  1200  w. 
Elec  Wld — July  i,   1909.     No.  6104. 

The  Design  of  a  Power  Plant  for  a 
Street  Railway  for  Iowa  City.  John 
Schemer.  Extract  from  a  prize  thesis. 
Considers  the  location,  capacity  and  type 
of  plant  and  the  selection  of  apparatus. 
4500  w.  Transit — June,  1909.  No.  6481   N. 

Plant  of  the  Commonwealth  Power 
Company  Osborn  Monnett.  Illustrated 
description  of  a  central  station  in  Mil- 
waukee, for  supplying  a  group  of  build- 
ings with  light  and  power.  3000  w. 
Power — July  27,  1909.     No.  6695. 

See    also     Gas     Engines,    under     ME- 
CHANICAL ENGINEERING.  Combus- 
tion Motors. 
Design. 

Determining  the  Power  Requirements 
of  a  Central  Station  (Remarqnes  sur  la 
Determination  de  la  Puissance  dcs  Cen- 
trales electriques).  J.  F.  Audouin.  Dis- 
cusses provision  for  overload  capacity, 
etc.  Ills.  2000  w.  Rev  Indus — June  \2, 
1909.     No.  6544  D. 

articles,    See  page  w-fS> 
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Economics. 

The  Public  Supply  of  Electric  Power. 
G.  L.  Addenbrooke.  Discusses  the  econ- 
omic and  technical  sides  of  the  question 
in  the  United  Kingdom.  8500  w.  Jour 
Soc  of  Arts — July  9,  1909.  Serial,  ist 
part.  No.  6412  A. 
Hydro-Electric. 

The  Hoosic  River  Development  of 'the 
Schenectady  Power  Company.  Illustrated 
description  of  details  at  the  Schaghti- 
coke  plant,  and  at  the  Johnsonville  plant. 
These  plants  are  capable  of  independent 
operation,  though  essentially  parts  of  one 
development.  2500  w.  Eng  Rec — July 
24,   1909.     Serial,   ist  pp.rt.     No.  6643. 

Development  of  Water  Power  at  Great 
Falls.  Alexander  Leggat.  Illustrated 
description  of  these  falls  on  the  Missouri 
River,  which  form  one  of  the  great 
water-powers  of  the  world,  and  of  their 
development.  4000  w.  Min  Wld — July 
24,    1909.     No.   6654. 

The  Kaaden  Hydro-Electric  Plant  on 
the  Eger  (Das  Elektrizitatswert  an  der 
Eger  der  Stadt  Kaaden).  W.  Werner. 
Illustrated  description  of  this  important 
installation  in  Austria.  Ills.  2200  w. 
Oest  Wochenschr  f  d  Oeffent  Baudienst 
— June  19,  1909.  No.  6700  D. 
Isolated  Plants. 

Operating  Results  of  an  Isolated  Power 
Plant  at  Binghamton,  N.  Y.  Informat'on 
concerning  the  plant  of  the  Security  Mu- 
tual Life  Insurance  Co.,  which  has  shown 
very  good  results  in  operation.  Ills. 
3000  w.  Eng  Rec — July  24,  1909.  No. 
0649. 

New  Turbine  Power  Plant  of  the  Nairn 
Linoleum  Company.  Illustrated  descrip- 
tion of  a  new  plant  to  serve  a  group  of 
buildings  and  replace  rope  drives  with 
electrical  power.  2200  w.  Eng  Rec — 
July  10,   1909.     No.  6255. 

See  also  Terminals,  under  RAILWAY 
ENGINEERING,  Permanent  Way  and 
Buildings. 
Load  Curves. 

Lessons  from  the  Power  Station  Load 
Curve.  H.  S.  Knowlton.  A  study  of 
given  curves,  showing  how  to  interpret 
them.  2200  w.  Power — July  27,  1909. 
No.  6698. 
Load  Factors. 

Compilation  of  Load  Factors.  E.  W. 
Lloyd.  Read  before  the  Nat.  Elec.  Lgt. 
Assn.  Information  on  ordinary  classes 
of  business  for  use  of  commercial  men 
selling  electrical  energy  for  power  and 
lighting  2500  w.  Elec  Rev,  N  Y— July 
17,  1909.  No.  6395. 
Rates. 

The  Diversity  Factor  Amongst  Light- 
ing Consumers.  Considers  the  estimat- 
ing of  the  diversity  factor,  and  the  charg- 
ing for  lighting.  900  w.  Elect'n,  Lond — 
July  16,  1909.     No.  6668  A. 

We  supply  copies  of  these 


Cheap  Units.  Alex.  Sinclair.  Abstract 
of  paper  and  discussion  before  the  Incor. 
Munic.  Elec.  Assn.  Discusses  means  of 
determining  a  fair  cost  per  unit  for  en- 
ergy supplied  to  various  classes  of  con- 
sumers. 3500  w.  Elect'n,  Lond — July 
2,  1909.  No.  6295  A. 
Switchboards. 

The  Control  Switchboards  for  the 
Power  House  Equipment  at  the  Indiana 
Steel  Company's  New  Gary  Works.  E. 
A.  Lof.  Illustrated  detailed  description 
3500  w.  Elec  Rev,  N  Y — June  26,  1909. 
No.  6016. 
Switchgear. 

Some  Elementary  Considerations  of 
High-Tension  Switchgear.  Notes  giving 
suggestions  helpful  in  selecting  a  suit- 
able switch.  1700  w.  Elec  Engr,  Lond 
— July  16,  1909.  Serial,  ist  part.  No. 
6667  A. 

LIGHTING. 
Arc  Lamps. 

The  Regenerative  Flame  Lamps.  A. 
T.  Mitchell.  Read  before  the  N.  E.  L. 
A.  Discusses  their  efficiency,  explaining 
mechanical  details.  Ills.  3000  w.  Elec 
Age — June,  1909.  No.  6133. 
Fire  Risks. 

Electric  Lighting  and  Fire  Risks.  Ar- 
thur Pordage.  Read  at  the  Fire  Brig-. 
Off.  Con^.,  London.  Discusses  fires  due 
to  electric  currents  and  their  causes. 
1800  w.  Archt,  Lond — July  2,  1909.  No. 
6289  A. 
Illumination. 

Color  and  Visual  Acuity.  J.  S.  Dow. 
Also  editorial  notes.  Discusses  difficul- 
ties met  in  illumination  problems  when 
dealing  with  colored  lights.  6000  w. 
Elec  Wld — July  15,  1909.  No.  6339. 
Incandescent  Lamps. 

The  Influence  of  Metallic  Filament 
Lamps  on  the  Electrical  Industry  and 
on  Street  Lighting.  E.  E.  Hoadley.  Ab- 
stract of  a  paper  read  before  the  Incor. 
Munic.  Elec.  Assn.  and  of  the  discus- 
sion. Gives  figures  showing  results  in 
street  lighting.  2000  w.  Elect'n,  Lond 
— June  25,  1909.     No.  6274  A. 

Power  Characteristics  of  the  Tungsten 
Filament.  Charles  P.  St'einmetz.  Re- 
ports an  investigation  of  the  manner  in 
which  the  power  consumption  increases 
with  increase  of  voltage.  Also  editorial 
note.  1200  w.  Elec  Wld — July  8,  1909. 
No.   6220. 

Carbon-Filament  and  Tungsten  Lamps 
(Ueber  Kohlenfaden-  und  Wolfram- 
lampen).  Al.  Berninger.  A  comparison 
of  efficiency.  Ills.  3800  w.  Elektrotetch 
u  Maschinenbau — June  27,  1909.  No. 
6719   D. 

See  also  Shop  Practice,  under  ME- 
CHANICAL ENGINEERING,  Ma^ 
CHINE   Works   and   Foundries. 

articles.     See  page  1048. 
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Photometry. 

Uniformity  in  the  Photometry  of  Col- 
ored Light-Sources.  F.  E.  Cady.  De- 
scribes a  scheme  for  overcoming  difficul- 
ties by  using  standardized  color  screens. 
Also  editorial.  3500  w.  Elec  Wld — July 
22,    1909.     No.  6615. 

A  Tungsten  Comparison  Lamp  in  the 
Photometry  of  Carbon  Lamps.  'Her- 
bert E.  Ives  and  L.  R.  Woodhull.  Ex- 
perience shows  the  Tungsten  compari- 
son lamp  to  be  superior  for  the  pur- 
pose to  carbon  lamps.  1200  w.  6374  N. 
Progress. 

Progress  in  Electric  Current  Develop- 
ment in  the  Artificial  Lighting  Field. 
Albert  F.  Ganz.  An  interesting  review^. 
8200  w.  Am  Gas  Lgt  Jour — July  19, 
1909.     (Section  2.)     No.  6405  N. 

MEASUREMENT. 
Instruments. 

Temperature  Errors  in  Shunted  Am- 
meters. W.  Fennell.  Discusses  errors 
due  to  changes  of  temperature,  and  also 
other  causes  of  error.  1400  w.  Elec 
Rev,  Lond — June  25,   1909.     No.  6273  A. 

Insulation  Testing. 

On  Testing  the  Insulation  Resistnnce 
of  Live  Cables  on  Direct-Current  Sys- 
tems by  the  Kelvin  Testing  Set.  R.  G. 
Allen.  Abstract  of  paper  read  before  the 
Dublin  Sec.  of  the  Inst  of  Elec.  Engrs. 
Describes  method.  Diagrams.  800  w. 
Elect'n,  Lond — July  16,  1909.    No.  6669  A. 

Laboratories. 

See  Education,  under  INDUSTRIAL 
ECONOMY. 

Meters. 

The  Effects  of  Short-Circuits  on  Watt- 
Hour  Meters.  A.  L.  Goetz.  An  account 
of  experiments  made  and  conclusions. 
Ills.  1200  w.  Transit — June,  1909.  No. 
6479    N. 

A  Volt  Scale  for  a  Watts-per-Candle 
Meter.  Herbert  E.  Ives.  Describes  an 
efficiency-meter  volt  scale  and  its  use. 
1500  w.  Bui  Bureau  of  Stand — May, 
1909.     No.  6372  N. 

Mercury  Motor  Continuous-Current 
Electricity  Meters.  Rankin  Kennedy.  A 
resume  of  the  different  stages  of  devel- 
opment in  this  class  of  instrument.  1000 
w.  Elec  Rev,  Lond — June  18,  1909.  No. 
6029   A. 

Resistance. 

A  New  Method  for  the  Absolute 
Measurement  of  Resistance.  Edward  B. 
Rosa.  Describes  a  new  revolving  coil 
method,  explaining  its  advantages.  Ills. 
2500  w.  Bui  Bureau  of  Stand — May, 
1909.     No.  6370  N. 

Standard  Cells. 

The  Standard  Electrical  Cell — Its  Use 
and  Its  Practical  Value.  Herbert  T. 
Wade.  Information  concerning  the  forms 
of  cells  used  and  their  agreement.     Ills. 

We  supply  copies  of  these 


1500    vv.      Sci    Am — July    10,    1909.      No. 
6239. 
Transformer  Testing. 

Method  of  Testing  Transformer  Core 
Losses,  Giving  Sine-Wave  Results  on 
Commercial  Circuits.  L.  W.  Chubb. 
Describes  an  instrument  termed  an  iron- 
loss  voltmeter,  dealing  in  detail  with 
transformer  core-loss  tests.  Ills.  3000  w. 
Pro  Am  Inst  of  Elec  Engrs — July,  1909. 
No.  6489  F. 

POWER    APPLICATIONS. 
Hoisting. 

See  Electric  Hoisting,  under  MINING 
AND  METALLURGY,  Mining. 
Textile  Mills. 

See  Electric  Driving,  under  MECHAN- 
ICAL ENGINEERING,  Power  and 
Transmission. 

TRANSMISSION. 
Cables. 

The  Composition  and  Durability  of 
Cable  Papers.  C.  Beaver.  A  statement 
of  facts  from  the  cable  manufacturer's 
standpoint'.  Supplemental  to  articles  by 
Clayton  Beadle  and  Henry  P.  Stevens, 
from  the  chemist's  point  of  view.  Also 
ediotrial.  4500  w.  Elect'n,  Lond — July 
9,  1909.     No.  6420  A. 

Heating  of  Underground  Cables.  J. 
R.  Dick.  Considers  the  factors  causing 
a  rise  of  temperature,  and  the  conse- 
quences. Ills.  1500  w.  Elect'n,  Lond — 
June  25,  1909.     No.  6276  A. 

Surges  on  a  Cable  System  with  an 
Aluminum  Surge  Protector.  E.  E.  F. 
Creighfon  and  S.  D.  Sprong.  Experi- 
mental investigation  of  the  surges  on  an 
underground  alternating  current  distribu- 
tion system,  and  the  protection  by  alumi- 
num cells.  5500  w.  Pro  Am  Inst  of 
Elec  Engrs — July,   1909.     No.  6491    F. 

Modern  Cable  Systems.  E.  M.  Hol- 
lingsworth.  Abstract  of  paper  before  the 
Incor.  Munic.  Elec.  Assn.  Discusses 
aluminum  cables  and  considers  the  prop- 
erties of  various  insulating  materials  for 
underground  cables.  Also  methods  of 
laying  cables.  2500  w.  Elect'n,  Lond — 
June  25,  1909.     No.  6275  A. 

Underground  Cable  System  in  a  Vil- 
lage of  Two  Thousand  Inhabitants.  J. 
Franz.  Brief  illustrated  description  of  a 
plant  at  Stockbridge,  Mass.  800  w. 
Elec  Wld — July  22,   1909.     No.  6613. 

See     also     Insulation     Testing,     under 
Measurement. 
Grounding. 

Grounding  Electric  Light  Wires  on 
Water  Pipes.  F.  E.  Merrill.  A  brief 
review  of  a  study  made  of  grounding 
electric  wires  on  the  water  pipes  in  the 
city  of  Somcrville,  and  its  results.  Dis- 
cussion. 7500  w.  Jour  N  Eng  W-Wks 
Assn — June,    1909.     No.   6462   F. 

ortieles.     See  page  lO-fS, 
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Insulators. 

Researches  on  the  Distribution  of  Po- 
tential at  the  Surface  of  Line  Insulators 
(Quelques  Recherches  sur  la  Distribu- 
tion du  Potentiel  a  la  Surface  des  Isola- 
teurs  en  Ligne).  G.  Anfossi.  Brief 
description,  with  results.  Ills.  T500  w. 
L'Elecn — June  12,  1909.     No.  6535  D. 

High-Tension  Insulators  with  Metal 
Mantles  (Hochspannungsisolatoren  mit 
Metalldach).  W.  Weicker.  Describes 
types  and  their  efficiency.  Ills.  2000  w. 
Elek  Kraft  u  Bahnen — June  4,  1909.  No. 
6710  D. 
Line  Construction. 

Conditions  Encountered  bv  Towers  in 
High-Tension  Transmission  Lines.  N.  J. 
Neall.  Considers  the  limitations  of  vari- 
ous forms  of  support,  giving  an  analysis 
of  the  service  requirements,  explaining  by 
a  typical  case.  6000  w.  Elec  Wld — July 
I,    1909.     No.   6106. 

River  Crossing  by  Electrical  Trans- 
mission Lines  (Transports  d'Energie 
electrique:  Traversee  des  Fleuves),  M. 
Dethiollaz.  Describes  the  design  of 
crossings  for  the  Southern  Electric  Com- 
pany of  France.  Mathematical.  Ills.  Serial, 
1st  part.  3000  w.  Tech  Mod — June,  1909. 
No.  6539  D. 
Line  Design. 

Complete  Solution  of  Transmission 
Line  with  Distributed  Capacity  and  Leak- 
age. Harold  Pender.  Gives  formulae  for 
practical  use,  showing  how  they  are  de- 
rived. 2000  w.  Elec  Wld — July  8,  1909. 
No.    6221. 

Graphical  Calculation  of  Direct-Cur- 
rent Distribution  Systems  (Calcul  gra- 
phique  des  Distributions  electriques  a 
Courant  continu).  H.  Michel.  Illustrates 
the  graphical  solution  of  a  number  of 
transmission  problems.  5000  w.  Soc 
Beige  d'Elecns — June,  1909.  No.  6500  E. 
Lines. 

The  Distribution  System  of  the  South- 
ern Electric  Company  of  France  (Reseau 
de  Distribution  d'Energie  electrique  de 
la  Societc  du  Sud  electrique).  J.  A. 
Montpellier.  Ills.  Serial,  1st  part.  1600 
w.  L'Elecn — June  12,  1909.  No.  6536  D. 
Transformers. 

The  Theory  of  Current  Transformers 
(Zur  Theorie  des  Stromtransformators). 
M.  Seidner.  Mathematical.  Ills.  4000  w. 
Elektrotech  u  Maschinenbau — June  6, 
1909.     No.  6714  D. 

The  Testing  of  Transformer  Steel.  M. 
G.  Lloyd  and  J.  V.  S.  Fisher.  Discusses 
the  conditions  that  should  be  realized, 
describing  a  modification  of  the  Epstein 
method  and  apparatus,  giving  results  ob- 
tained. 6500  w.  Bui  Bureau  of  Stand — 
May,   1909.     No.  6368  N. 

The  Testing  of  Transformer  Steel.  M. 
G.  Lloyd  and  J.  V.  S.  Fisher.     Discusses 


the  conditions  which  should  be  realized  in 
the  measurement  of  energy  losses  in 
sheet-iron  and  steel  subject  to  alternating 
magnetization,  describing  a  modification 
of  the  Epstein  method  and  apparatus. 
6000  w.  Pro  Am  Inst  of  Elec  Engrs — 
July,  1909.    No.  6600  F. 

Corona  Phenomena  in  Air  and  Oil  and 
Their  Relation  to  Transformer  Design. 
W.  S.  Moody  and  G.  Faccioli.  Describes 
experiments  made,  showing  the  complex 
nature  of  the  study.  Ills.  5800  w.  Pro 
Am  Inst  of  Elec  Engrs — July,  1909.  No. 
6485    F. 

The  Leakage  Field  and  Leakage  Coeffi- 
cients of  a  Transformer  with  Disc  Wind- 
ing and  Divided  End  Coils  (Ueber  das 
St'reufeld  und  den  Streukoeffizienten  eines 
Transformators  mit  Scheibenwicklung 
und  geteilten  Endspulen).  W.  Rogowski. 
Mathematical.  Ills.  2200  w.  Zeitschr  d 
Ver  Deutscher  Ing — June  12,  1909.  No. 
6726  D. 

The  Practical  Aspects  of  Recent  Im- 
provements in  Transformers.  W.  A.  Lay- 
man. Read  before  the  N.  E.  L.  A. 
Points  out  the  way  in  which  some  of  the 
improvement's  have  been  made  possible. 
2500  w.  Elec  Age — June,  1909.  No. 
6134. 

Distributing  Transformers.  E.  G, 
Reed.  Traces  the  development,  showing 
the  requirements,  and  discussing  the  elec- 
trical and  mechanical  characteris^tics. 
Ills.  4500  w.  Elec  Jour — July,  1909. 
No.  6437. 

"C.  M.  B."  Patent  Direct-Current 
Rotary  Transformer.  J.  C.  Macfarlane 
and  H.  Burge.  Describes  the  construc- 
tion and  discusses  applications.  Ills.  3500 
w.  Elec  Engr,  Lond — Julv  9,  1909.  No. 
6418  A. 

Electrical  Measurements  on  Circuits 
Requiring  Current  and  Potential  Trans- 
formers. L.  T.  Robinson.  Discusses  the 
causes  which  make  certain  corrections 
necessary  either  in  the  manufacture  of 
the  transformer  or  in  their  use;  methods 
for  determining  the  variations ;  and  the 
corrections.  Ills.  7000  w.  Pro  Am 
Inst  of  Elec  Engrs — July,  1909.  No. 
6498  F. 
Voltage  Losses. 

Chart  for  Calculation  of  Voltage 
Losses.  H.  P.  Liversidge.  Gives  chart, 
describing  its  construction  and  use.  1200 
w.     Elec  Rev,  N  Y — July  31,   1909.     No. 

6787. 
Voltage  Regulation. 

The  Determination  of  the  Current  and 
Voltage  Relations  in  Unsymmetrical 
Polyphase  Systems.  Charles  H.  Porter. 
Deals  with  a  method  which  solves  the 
problems  as  easily  as  corresponding  prob- 
lems in  direct-current  work,  using  simul- 
taneous vector  equations.  T200  w.  Elec 
Wld — July  29,  1909.     No.  6y6z. 
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Voltage  Regulation  on  a  Three-Wire 
Network  ( Ueber  cine  Spannungsrcgu- 
lierung  in  Dreileiternetzen).  F.  Nietham- 
nier  and  R.  Czei)et.  Describes  a  system. 
Ills.  1700  w.  Elektrotech  u  Maschinen- 
bau — June  27,  1909.     No.  6718  D. 

MISCELLANY. 
Calculating  Device, 

An  Electrical  Device  for  Solving  Equa- 
tions. Describes  the  device  presented  by 
Alexander,  Russel  and  Arthur  Wright 
to  the  Physical  Society  of  London,  which 
can  solve  equations  to  the  nth  degree, 
besides  performing  other  calculations. 
1000  w.  Elec  Wld — July  15,  1909.  No.  6337. 
Electric  Clocks. 

Electric     Clocks     for    Railway     Service 
(Elektrische    Uhren    mit    besonderer    Be- 


riicksichtigung  fiir  die  Eiseiibahnen). 
If  err  Zacharias.  Discusses  the  require- 
ments of  railway  time  service  and  the 
advantage  of  electric  clocks.  2500  w. 
Glasers  Ann — June  15,  1909.    No.  6589  D. 

Electric  Pianos. 

Electric  i'ianos  (Pianos  electriques). 
Georges  Dary.  Illustrated  description  of 
their  mechanism  and  electrical  connec- 
tions. 3000  w.  L'Elecn — June  5,  1909. 
No.   6533  D. 

MontxeaL 

Electric  Light  and  Power  at  Montreal. 
William  H.  Stuart.  Describes  the  elec- 
tric light  and  power  business  as  con- 
ducted by  the  Montreal  Heat,  Light,  and 
Power  Co.  2200  w.  Elec  Wld — July  i, 
1909.      No.    6105. 
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Accounting. 

Modern  Methods  and  the  Business 
Specialist.  Ellsworth  M.  Taylor.  On 
the  new  development  in  business  prac- 
tice, and  the  need  of  scientific  syste- 
matic methods.  3500  w.  Ir  Age — July  15, 
1909.     No.   6341. 

Inventory  Books  for  Industrial  and 
Manufacturing  Plants  for  the  Control  of 
Depreciation  and  Insurance  Allowances 
(Inventarienbiicher  fiir  Maschinen  und 
Werkzeuge  zur  Kontrolle  der  Abschrcib- 
ungen  und  der  Feuerversicherungspoliz- 
zen).  C.  M.  Lewin.  An  explanation  of 
the  method  of  keeping  a  continuous  in- 
ventory. Ills.  4500  w.  Elektrotech  u 
Maschinenbau — June  20,  1909.     No.  6717  D. 

Education. 

Present  Tendencies  in  Technical  Edu- 
cation. Frederick  E.  Turneaure.  Ex- 
tract from  presidential  address  to  the  Soc. 
for  the  Promotion  of  Engng.  Education. 
Deals  with  the  technical  training  needed. 
1500  w.  Eng  News — July  i,  1909.  No. 
6089. 

Practical  Work  for  College  Professors. 
Charles  Buxton  Going.  Abstract  of  a 
paper  read  before  the  Soc.  for  Promotion 
of  Engng.  Education.  Considers  the  need 
of  more  intimate  knowledge  of  actual 
working  conditions.  3000  w.  Ir  Trd 
Rev — July   i,   1909.     No.  611 1. 

The  Value  of  the  Classics  in  Engineer- 
ing Education.  Charles  P.  Steinmetz. 
Considers  the  study  of  the  classics  im- 
portant and  valuable  to  engineers.  T500 
w.  Pro  Am  Inst  of  Elec  Engrs — July, 
1909.     No.  6492  F. 

The  Five-Year  Courses.  William  T. 
Magruder.  Read  before  the  Soc.  for 
Pro.  of  Engng.  Ed.  Presents  the  need 
of   a   lengthened   course   to   meet   the   re- 
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quirement's  of  students  paying  their  own 
way.  2000  w.  Eng  Rec — July  24,  1909. 
No.  6644. 

Electrical  Laboratory  Equipments  of 
the  College  of  the  City  of  New  York. 
W.  M.  Schoonmaker.  Describes  an  ex- 
tensive and  elaborate  arrangement  of  ap- 
paratus. Ills.  1500  w.  Elec  Wld— July 
29,    1909.     No.   6764. 

The  Birmingham  University.  C.  Al- 
fred Smith.  Illustrated  description  of 
the  buildings  and  their  equipment,  espe- 
cially the  recent  developments.  Plate. 
6000  w^  Engng — July  2,  1909.  Serial,  ist 
part.     No.  6304  A. 

The  Engineering  Equipment  of  Bir- 
mingham University.  Describes  the  new 
laboratories  largely  devoted  to  the  vari- 
ous branches  of  applied  science.  3500  w. 
Engr,  Lond— June  25,  1909.     No.  6284  A. 

The  Engineering  Department  of  the 
Victoria  University,  Manchester.  Re- 
views the  progress  of  engineering  educa- 
tion at  this  university,  and  gives  illus- 
trated description  of  the  new  laboratories. 
2500  w.  Engng— July  16,  11909.  No. 
6684  A. 

Imperial  Railways  of  North  China  En- 
gineering and  Mining  College,  Tang 
Shan.  Illustrated  description  of  an  in- 
stitution regarded  as  an  important  center 
for  the  introduction  of  Western  science 
in  China.  1600  w.  Engng— June  18, 
1909.      No.   6040   A. 

The  Necessity  of  a  Transformation  in 
Mining  Education  (Ueber  die  Notwend- 
igkeit  einer  Umgestaltung  des  mon- 
tanistischcn  Ilochschuluntcrrichtes).  Al- 
bert Sailler.  A  discussion  of  mining  edu- 
cation in  Ausfia.  2800  w.  O-^st  Zeitsehr 
f  Berg  u  Hiittenwesen — June  19,  1909. 
No.  6570  D. 

articles.     See  paijc   lo^S. 
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Expositions. 

The  Alaska-Yukon-Pacific  Exposition 
—The  Fair  That  Was  Ready.  A.  J. 
Quigley.  An  illustrated'  article  outlining 
the  plan,  scope  and  results.  2500  w.  En- 
gineering Magazine — Aug,  1909.  No. 
6749  B. 

Engineering    Features    of    the    Ataska- 
Yukon-Pacific     Exhibition.     Brief     illus- 
trated description.     800  w.     Eng  News — 
July    I,    1909.      No.    6081. 
Industrial  Museums. 

The  Transportation  and  Construction 
Museum  in  Berlin  (Ueber  das  Kgl. 
Verkehrs-  und  Baumuseum  in  Berlin).  E. 
A.  Ziffer.  Describes  the  building  and 
exhibits.  Ills.  5200  w.  Mitt  d  Ver  f  d 
Ford  d  Local  u  Strassenbahnwesens — 
May,  1909.  No.  6559  F. 
Management. 

A  Simple  but  Effective  System  for  an 
Engineering  Works.  Frederick  C.  Her- 
lan.  Outlines  a  system  adopted  in  an 
English  factory.  2500  w.  Ind  Engng — 
July  15,  1909.     No.  6676  C. 


Tariff. 

The  Metal  Schedule  as  Revised  by  the 
Senate.  The  complete  text  of  Schedule 
C  of  the  new  tariff  bill,  showing  the 
changes  the  Senate  has  made  in  the 
Payne  bill  as  passed  by  the  House  of 
Representatives.  9000  w.  Ir  Age — July 
8,  1909.  No.  6216. 
Wage  Systems. 

The  Premium  System  of  Wage  Pay- 
ment. C.  B.  Lord.  Read  before  the  Nat. 
Met.  Trds.  Assn.  Discusses  some  of  the 
difficulties  attending  its  application.  4500 
w.  Am  Mach — Vol.  32.  No.  30.  No. 
6761. 

Some  Notes  on  Engineering  Premium 
Systems.  Describes  systems  introduced 
in  old  works  which  changed  losses  to 
profits.  1700  w.  Mech  Wld — June  18, 
1909.     Serial,   ist  part.     No.  6038  A. 

A  Double-Rate  Premium  Plan.  H.  F. 
MacLane.  Briefly  considers  other  wage 
systems,  and  describes  and  illustrates  the 
double-rate  plan.  3000  w.  Am  Mach — 
Vol.  32.     No.  29.     No.  6612. 
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Battleships. 

International  Competition  in  Battle- 
ship Design.  Editorial  on  the  designs  of 
different  nationalities,  submitted  to  the 
Spanish  Government.  3000  w.  Engng — 
July   16,   1909.     No.   6685  A. 

Cable  Steamers. 

The  Telegraph  Ship  "Telconia."  Illus- 
trations, with  short  description,  of  a  new 
cable-repairing  vessel.  1000  w.  Elect'n, 
Lond — July  16,   1909.     No.  6670  A. 

Clermont. 

Launch  of  the  Reproduced  Clermont 
of  Robert  Fulton.  An  illustrated  ac- 
count of  the  ceremonies  and  a  descrip- 
tion of  the  vessel.  7000  w,  Naut  Gaz — 
July  22,   1909.     No.  6652. 

Derricks. 

Mast  and  Derrick  Mountings.  Illus- 
trated descriptions.  1000  w.  Int  Marine 
Engng — July,   1909.     No.  6076  C. 

Destroyers. 

The  New  British  Destroyers.  A  criti- 
cal discussion  of  the  methods  of  the 
British  Admiralty.  2500  w.  Cassier's 
Mag — July,  1909.     No.  6348  B. 

Brazilian  Torpedo-Boat  Destroyers.  Il- 
lustrated description  of  these  vessels  and 
their  equipment.  3500  w.  Engr,  Lond— 
July  2,   J 909.     No.  6309  A. 

Dredges. 

A  Modern  Oyster  Dredge.  Francis  K. 
Wilson,  Jr.  Remarks  on  oyster  culture, 
with  illustrated  description  of  a  dredge 
kno.v^n  as  the  "J.  Van  Wyne."  2000  w. 
Eng  News — July  29,   1909.     No.  6770. 


Recent  Dredge  Construction  (Neuere 
Baggerkonstruktionen).  Herrn  Paul- 
mann  and  Blaum.  Describes  recent 
dredges  for  deep-water  work.  Ills.  Se- 
rial, 1st  part.  4500  w.  Zeitschr  d  Ver 
Deutscher  Ing — June  19,  1909.     No.  6727  D. 

Electrically  Operated  Dredges  (Elek- 
trisch  betriebene  Bagger).  R.*  Richter. 
Describes  in  detail  several  electric 
dredges.  Ills.  Serial,  ist  part.  3300  w. 
Zeitschr  d  Ver  Deutscher  Ing — June  12, 
1909.  No.  6725  D. 
Ferryboats. 

International  Steam  Ferries.  Informa- 
tion in  regard  to  the  new  direct  steam- 
ferry  connection  inaugurated  between 
Sweden  and  Germany.  1500  w.  Engng — 
July  9,  1909.     No.  6426  A. 

See   also   Train   Ferries,   under   RAIL- 
WAY   ENGINEERING,   Motive   Power 
AND  Equipment. 
Fireboats. 

Fireboat     W.     A.     McGonagle.       Illus- 
trated   description    of    a    vessel    for    the 
protection    of    Duluth    harbor.      1500    w. 
Marine  Rev — July,   1909.     No.  6321. 
Ice  Breakers. 

Canadian  Ice-Breaking  and  Passenger 
Steamer.  Illustration  and  description  of 
the  "Earl  Gre}^"  recently  launched.  1200 
w.    Engng — June  18,  1909.    No.  6044  A. 

A  New  Contribution  on  Methods  of 
Preventing  the  Formation  of  Ice  in  Mari- 
time and  Inland  Waterways  (Nouvelle 
Contribution  aux  Etudes  des  Procedes  de 
Deglagages     maritimes    et    fluviaux).     M. 


We  supply   copies  of  these  articles.     See  page   1048. 
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Dibos,      Describes    ice   breakers    designed 
for   use   in   Russian   harbors.     Ills.     2000 
w.     Mem   Soc   Ing  Civ   dc   France — May, 
1909.     No.   6504   G. 
Internal-Combustion  Engines. 

Large  Internal-Combustion  Engines  for 
Land  and  Marine  Purposes.  Prof.  W.  H, 
Watkinson.  Abstract  of  a  paper  read 
before  the  Liverpool  Engng.  Soc.  A  re- 
view of  the  development  and  applications, 
advantages,  etc.  5000  \v.  Mech  Engr — 
June  18,  1909.  No.  6035  A. 
Model  Basins. 

The  Management  and  Equipment  of  an 
Experimental  Tank.  Discusses  the  general 
arrangement  of  such  tanks,  their  equip- 
ment, etc.  4500  w.  Engr,  Lond — July  16, 
1909.  Serial,  ist  part.  No.  6687  A. 
Motor  Boats. 

The  Small  Motor  Boat.  Harold  Whit- 
ing Slauson.  Deals  with  its  care  and 
operation.  2500  w.  Sci  Am  Sup — July, 
1909.     No.  6624. 

A  Pressure  Feed  Fuel  Supply  System 
for  Motor  Boats.  Carroll  Le  Roy  Mo- 
sher.  Explains  the  advantages  and  a 
simple  method  of  installation.  2000  w. 
Naut  Gaz — July  8,  1909.  No.  6230. 
Propellers. 

Propeller  Computations.  Charles  S. 
Linch.  Explains  computations  by  Du- 
rand's  method,  and  by  Taylor's  method, 
showing  how  closely  they  agree.  1000  w. 
Int  Marine  Engng — July,  1909.  No.  6077  C. 

Simple  Method  of  Propeller  Design. 
Charles  S.  Linch.  Gives  computations 
and  describes  methods  of  designing  the 
blade.  1800  w.  Int  Marine  Engng — July, 
1909.     No.  6075  C. 

Propeller-Testing       Apparatus.       Illus- 
trates and  describes  the  Westinghouse  ap- 
paratus    for     testing     screw     propellers. 
1000  w.     Engng— July  2,  1909.     No.  6307  A. 
Repair  Ship. 

The  Naval  Repair  Ship  "Cyclops."     Il- 
lustrated    description     of     a     completely 
equipped  floating  factory.    4500  w.    Engng 
— July  16,  1909.     No.  6(582  A. 
Shipbuilding. 

The  Scantlings  of  Steel  Vessels.  Gives 
Lloyds  new  rules  for  ships'  scantlings, 
with  explanatory  statement,  and  editorial 
comment.  5000  w,  Engng — June  25, 
1909.     No.  6281  A. 

The  Works  of  Harland  and  Wolff, 
Limited,  at  Belfast.  Illustrated  descrip- 
tion of  these  shipbuilding  and  engineer- 
ing works,  with  illustrations  of  vessels 
built  and  their  history.  16000  w.  Engr, 
Lond — June   18,   1909.     No.  6048  A. 

The  Shipbuilding  and  Engineering 
Company  of  Akers  Mekaniske  Verksted, 
A.  Gundersen.  History  and  illustrated 
description  of  these  shipbuilding  works  in 
Norway.  2500  w.  Int  Marine  Engng — 
July,   1909.     No.  6073  C. 

We  supply  copies  of  these 


Steam  Engines. 

A  Practical  Comparison  of  the  Advan- 
tages of  Higher  Cylinder  RaMos.  C.  S. 
Root.  An  account  of  two  moderately 
long  runs  of  the  same  vessel  with  dif- 
ferent cylinder  ratios.  2000  w.  Int 
Marine   Engng — July,   1909.     No.  6079  C. 

The  Marine  Steam  Engine  Indicator. 
Charles  S.  Root.  Aims  to  present  the 
best  features  of  standard  literature,  and 
to  give  a  resume  of  present  practice.  Ills. 
2500  w.  Int  Marine  Engng — July,  1909. 
Serial,  ist  part.     No.  6078  C. 

See   also   Steam   Turbines,   under   MA- 
RINE AND  NAVAL  ENGINEERING. 
Steamships. 

The  Orient  Company's  Australian  Mail 
Liner  "Osterley."  Plate  and  illustrated 
description  of  the  mechanical  equipment, 
with  report  of  steam  trials.  2000  w. 
Engng — June  25,   1909.     No.  6283  A. 

Fruit  and  Passenger  Steamer  "Tortu- 
guero."  Illustrations  and  particulars  of  a 
recently  built  vessel  for  service  between 
the  West  Indies  and  England,  which  pos- 
sesses interesting  systems  of  ventilation 
and  refrigeration.  4000  w.  Engr,  Lond 
— July  9,   1909.     No.  6428  A. 

S.  S.  "George  Washington."  Illustrated 
description  of  this  new  first-class  twin- 
screw  passenger  and  freight  steamship  of 
the  North  German  Lloyd.  1400  w.  Int 
Marine  Engng — July,    1909.     No.  6080  C. 

North  German  Lloyd  Twin-Screw  Pas- 
senger and  Freight  Steamer  '"Berlin" 
(Der  Doppelschrauben-Passagier-  und 
Frachtdampfer  "Berlin"  des  Norddeutsch- 
en  Lloyd).  Otto  Lienau.  A  detailed 
description.  Ills.  28000  w.  Schiffbau — 
June  23,  1909.  No.  6586  D. 
Steam  Turbines. 

The  Steam  Turbine  and  the  Recipro- 
cating Engine  for  Marine  Propulsion.  Ira 
N.  Hollis.  Concluding  article  of  a  dis- 
cussion with  deductions.  2500  w.  Engi- 
neering Magazine — Aug.,  1909.    No.  6750  B. 

The  Prospects  of  the  Various  Systems 
of  Steam  Turbines  for  Marine  Work 
(Ueber  die  Aussichten  der  verschiedenen 
Dampfturbinen-Systeme  im  Schiffstur- 
binenbau).  H.  Jansson.  A  comparative 
discussion,  1600  w.  Die  Turbine — June 
20,  1909.  No.  6583  D. 
Superheating. 

Superheated  Steam  in  Marine  Work. 
F.  J.  Rowan.  Illustrates  and  describes 
superheater  constructions  and  applica- 
tions. 4500  w.  Int  Marine  Engng — July, 
1909.     Serial,  ist  part.     No.  6074  C. 

Torpedo  Testing. 

Reinforced-Concrete  Torpedo-Testing 
Station  in  the  Bay  D'Hyeres,  near  Tou- 
lon, France.  Abstract  translation  of  a 
paper  by  M.  Michel-Schmidt.  Illustrates 
and  describes  construction  c-etails.  jooo 
w.     Eng  News — July  8,   1909.     No.  6224. 

articles.     See  page  1048. 
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AUTOMOBILES. 
Albion. 

The  24-30  h.  p.  Albion  Car.  Illustrates 
and  describes  a  car  of  Scottish  origin. 
2000  w.  Autocar — June  19,  1909.  *  No. 
6026  A. 

Argyll. 

The  12-14  h.  p.  Four-Cylinder  Argyll. 
Illustrated  description  of  a  medium- 
priced  car,  with  report  of  an  officially 
observed  run  over  the  Scottish  trials 
course.  3000  w.  Autocar — July  17,  1909. 
No.  6661  A. 

Axles. 

Determining  the  Dimensions  of  the  Rear 
Axles  of  Motor  Cars  with  Cardan  Gear 
(Beitrage  zur  rechnerischen  Bestimmung 
der  Dimensionen  von  Hinterachsen  an 
Motorwageii  mit  Kardanantrieb).  Ills. 
Serial,  ist  part.  3000  w.  Zeitschr  d 
Mit  Motorwagen  Ver — June  15,  1909.  No. 
6593   D. 

Bodies. 

Body  Builders  Now  Exercising  Much 
Ingenuity.  Illustrations  and  remarks  on 
recent  designs.  1400  w.  Automobile — 
July  8,  1909.     No.  6214. 

Commercial  Vehicles. 

Details  of  New  York  Motor  Mail  Ser- 
vice. Describes  the  service  and  vehicles. 
Ills.  1600  w.  Com  Vehicle — July,  1909. 
No.  6103  C. 

Competitions 

The  Scottish  Automobile  Club  Relia- 
bility Trial.  A  report  of  the  trial,  giving 
tabulated  particulars  of  cars  and  their 
performance.  4500  w.  Engng — July  16, 
1909.     No.  6686  A. 

Crossley. 

The  New  12-14  li-  P-  Crossley  Chassis. 
Illustrated  description.  1200  w.  Autocar 
— June  26,  1909.  Serial,  ist  part.  No. 
6267    A. 

Electric. 

New  Nickel-Iron  Battery  Withstands 
Tests.  Describes  this  Edison  battery  and 
reports  tests.  2000  w.  Automobile — 
July   15,   1909.     No.  6364. 

The  New  Battery  Charging  Station  at 
the  Montague  Street  Garage  of  the 
Brighton,  Hove  &  Preston  United  Omni- 
bus Co.  Illustrated  description  of  the 
Stevens'  charging  set  adopted.  1800  w. 
Elect'n,  Lond — June  25,  1909.  No. 
6277  A. 

Gasoline-Elictric. 

Gasoline  Electric  Automobiles.  Justus 
B.  Entz.  Briefly  reviews  systems  in 
which  the  prime  mover  is  a  gasoline  en- 
gine, and  electricity  'used  as  a  supple- 
mentary power,   especially   describing  the 

We  supt^ly   copies  of  these 


Entz    electric    transmission    system.      Ills. 
3000  w.     Jour  Fr  Inst — July,   1909.     No. 
6355   D. 
Humber. 

A   Speedy    Sixteen.    Illustrated    descrip- 
tion  of   the    new    16   h.   p.    model   of   the 
Humber    Co.    1200   w.     Auto    Jour — July 
10,  1909.     No.  6413  A. 
Ignition. 

The  Development  of  Magneto  Igni- 
tion. H.  G.  Deupree.  A  review  of  the 
three  successive  steps  marking  the  pro- 
gress. Ills.  2500  w.  Automobile — July 
I,  1909.  No.  61 13. 
Knox. 

1910  Knox  Pleasure  Cars.  Interesting 
details  are  illustrated  and  described.  En- 
gines water-cooled,  aluminum  crank  case, 
etc.  2500  w.  Automobile — July  29,  1909. 
No.  6779. 
Martini. 

A    Swiss    Solution    of    the    Small    Car 

Problem.      Illustrated    description    of    the 

latest  10-12  h.  p.  Martini  model.     1200  w. 

Auto    Jour — July   3,    1909.      No.   6290   A. 

Maxwell. 

"Maxwell"    Model    Q.      Illustrated    de- 
scription.    1300  w.     Automobile — July  15, 
1909.     No.  6365. 
Motor  Balancing. 

Balancing     Petrol     Motors.      Considers 
some    of    the    means    of    diminishing    vi- 
bration.  Ills.      1800  w.   Autocar — July   10, 
1909.     No.  6403  A. 
Motor  Cylinders. 

Functions  and  Frailties  of  Motor  Cyl- 
inders. Thomas  J.  Fay.  The  present 
number  discusses  the  correct  designing  of 
cylinders.  Ills.  2000  w.  Automobile — 
July  I,  1909.  Serial,  ist  part.  No.  61 12. 
Motor  Lubrication. 

The     Lubrication     of     Petrol     Motors. 

Explains  the   conditions    of   the    problem, 

and    describes    systems   used.     Ills.     2500 

w.     Engng — June   18,   1909.     No.  6043  A. 

Motors. 

Flexibility  Desirable  in  Automobile 
Motors.  E.  Girardault.  A  study  of  the 
factors  bearing  upon  this  quality,  and  the 
influence  upon  the  design  of  the  car,  and 
particularly  on  the  change-speed  gear. 
2000  w.  Automobile — July  22,  1909.  No. 
6634. 

A  Constant  Pressure  Engine.  Morris 
A.  Hall.  Illustrated  description  of  the 
Stilz  constant  pressure  internal  combus- 
tion engine.  1500  w.  Automobile — July 
8,  1909.  No.  6213. 
Motor  Testing. 

A  Handy  Testing  Chart.  Arranged  by 
Roger  B.  Whitman  to  show  the  effect  of 

articles.     Sec  page   1048. 
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various    troubles    in    automobile    engines 
and   how   to   remedy   them.     700  w.      Sci 
Am  Sup — July  10,  1909.     No.  6242. 
Peerless. 

The  Peerless  Motor  Cars  for  1910.  Il- 
lustrated article  describing  improvements 
introduced.      1800    w.      Automobile — July 

29,  1909.     No.  6778. 
Rider-Lewis. 

Rider-Lewis   Sixes.  Morris  A.  Hall.  Il- 
lustrated description  of  features.   1500  w. 
Automobile — July  22,   1909.     No.  6637. 
Shock  Absorbers. 

Shock  Absorbers  (Les  Amortisseurs). 
E.  Girardault.  Description  and  discus- 
sion of  various  types.  Ills.  Serial,  ist 
part.      4000    w.      All    Indus — June,    1909. 

No.    6543    D. 
Stevens-Duryea. 

1910    Stevens-Duryea.      Illustrated     de- 
scription   of    the    6-cylinder,    40-h.p.    car 
called  Model  Y.     2000  w.     Automobile — 
July  22,   1909.     No.  6635. 
Tires. 

A  Simple  Antidote  to  Tire  Troubles. 
Illustrated  article  giving  details  of  con- 
struction, manipulation,  and  management 
of  the  Dunlop  detachable  rim.  2500  w. 
Auto  Jour — July  3,  1909.     No.  6291   A. 

The  Making  of  Automobile  Tires. 
Snowden  B.  Redfield.  Illustrated  descrip- 
tion of  modern  machinery  and  methods 
used.    4500  w.     Am  Mach — Vol.  32.     No. 

30.  No.  6759. 
Turner-Miesse. 

The  Turner-Miesse  Steam-Car.  Illus- 
trated description  of  a  car  claiming  econ- 
omy, safety,  absence  of  vibration  and 
easy  control.  1800  w.  Engng — July  2, 
1909.  No.  6305  A. 
Valve  Grinding. 

Methods  of  Valve  Grinding.  D.  R.  Ho- 
bart.     Discusses    grinding   as    a   cause    of 
leakage,  giving  suggestions.     Ills.   1500  w. 
Automobile — July    i,    1909.      No.   61 14. 
Wheels. 

A  New  Spare  Wheel.  Illustrates  and 
describes  the  Hall  spare  wheel,  designed 
so  that  it'  can  be  attached  without  fitting 
or  deflating  the  tire.  8000  w.  Auto  Jour 
— July  17,  1909.  No.  6660  A. 
Winton. 

Winton  Six  for  1910.  This  new  model 
shows  an  improved  carbureter,  a  new 
front  axle,  longer  wheel  base  and 
springs,  and  other  changes.  Ills.  2000  w. 
Automobile — July  22,  1909.  No.  6636. 
Wolseley-Siddeley. 

A  6-Cylinder  Car  of  Moderate   Power. 

.Illustrates  and  describes  a  new  Wolseley 

model    of    a    low-priced    20-30    h.    p.    car. 

800   w.    Auto   Jour — July    17,    1909.      No. 

6659  A. 

COMBUSTION  MOTORS. 
Exhaust  Gases. 

See  Exhaust  -  Gas  Heating,  under 
Heating  and  Cooling. 

We  supply   copies  of  tliesc 


Fuels. 

Tests  of  the  Comparative  Efficiency  of 
Gas,  Gasoline  and  Alcohol  as  F"uel  in  In- 
ternal Combustion  Engine.  Condensed 
from  a  thesis  for  the  degree  of  Bachelor 
of  Engineering,  submitted  by  Ralph  C. 
Puckett  and  Louis  Hoth.  Ills.  2500  w. 
Transit — June,  1909.  No.  6482  N. 
Gas  Calorimetry. 

Apparatus  for  Measuring  and  Indicat- 
ing the  Explosive  and  Calorific  Values  of 
Gaseous  Mixtures.  Illustrated  descrip- 
tion of  an  apparatus  for  continuous  an- 
alysis of  gaseous  mixtures,  recently  pat- 
ented by  A.  G.  Evans.  1400  w.  Mech 
Engr — June  18,  1909.  No.  6036  A. 
Gas  Engines. 

Recent  Developments  in  Large  Gas- 
Engine  Design.  Percy  R.  Allen.  The 
present  paper  discusses  the  fourcycle 
gas  engine  in  British  and  Continental 
practice.  Ills.  4500  w.  Cassier's  Mag — 
July,  1909.     Serial,  ist  part.     Xo.  6344  B 

The  Producer  Gas  and  Gas  Engine, 
with  Special  Reference  to  the  EKjwn- 
Draft  Producer.  Thomas  F,  Fitzsim- 
mons.  Considers  the  generation  of  pro- 
ducer gas  from  low-grade  fuels.  1500  w. 
Am  Gas  Lgt  Jour — July  5,  1909.  Xo. 
6102. 

Gas  Engine  Construction  for  Producer 
Gas  Use.  H.  F.  Smith.  Read  before  the 
Nat.  Gas  &  Gasoline  Eng.  Trds.  Assn. 
Discusses  the  general  requirements  and 
certain  details  of  importance.  2000  w. 
Gas  Engine — July,  1909.  Serial,  ist 
part.     No.   6441. 

The  Gas  Engine  in  Central  Station 
Work.  William  F.  Flint.  Read  before 
the  Canadian  Elec.  Assn.  Considers  the 
economic  possibilities.  2500  w.  Ir  Age — 
July   22,    1909.      No.   6603. 

Suction  Gas-Engincs  at  the  Royal 
Agricultural  Show.  Illustrations,  with 
description.  500  w.  Engng — ^June  18, 
1909.     No.  6045  A. 

See  also  Pumping  Engines,  under  Hy- 
draulic Machinery. 
Gasoline  Engines. 

Rating  of  Petrol  Engines.  Considers 
the  objects  of  having  a  rating  rule,  and 
the  various  suggestions  for  rating.  4500 
w.     Engng — June  25,   1909.     Xo.  6278  A. 

Light  Explosion  Motors  for  Dirigible 
Balloons  and  Aeroplanes  (Les  Moteurs 
a  Explosion  legers  pour  Dirigcables  et 
Aeroplanes).  Ch.  Dantin.  Discusses  the 
requirements  of  an  aeronautical  motor 
and  describes  types.  Ills.  Serial,  ist 
part.  4000  w.  Genie  Civii — June  5. 
1909.  No.  6547  D. 
Gas  Producers. 

The  Suction  Gas  Producer  for  Small 
Power  Plant's.  C.  J.  Atkinson.  Read 
before  the  Nat.  Gas  &  Gasoline  Eng. 
Trds.  Assn.  Describes  the  process  of 
making   the   gas,    and   applications    madr 

articles.      See  page   lO^S. 
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2500    w.      Gas    Engine — July,    1909.      No. 
6439. 

The  S.  F.  H.  Gas  Producer,  Cleaned  by- 
Fusion  of  the  Cinder  (Note  sur  le  Gaz- 
ogene S.  F,  H.  a  Decrassage  par  Fusion 
des  Cendres).  M.  Sepulchre.  A  brief 
description,  presented  by  the  inventor  be- 
fore the  Congress  of  Applied  Chenxistry. 
Ills.  1700  w.  Rev  de  Metal — June,  1909. 
No.  6511  E  +  F. 
Ignition. 

The  Science  of  a  Jump  Spark  Coil.  J. 
A.  Williams.  Read  before  the  Gas  & 
Gasoline  Eng.  Trds.  Assn.  Analyzes  the 
coil,  explaining  the  function  of  each  part', 
and  considers  the  action.  3300  w.  Gas 
Engine — July,  1909.     No.  6440. 

The  Science  of  the  Jump  Spark  Coil. 
J.  A.  Williams.  Read  before  the  Gas 
Eng.  Trds.  Assn.  Describes  the  various 
parts  of  the  spark  coil  and  their  func- 
tions, and  how  they  act.  3000  w.  Naut 
Gaz — July  8,   1909.     No.  6231. 

HEATING  AND  COOLING. 

Boilers. 

See  Boiler  Rating,  under  Steam  Engi- 
neering. 

Central  Plants. 

Facts  About  City  or  District  Steam. 
John  V.  Stout.  Remarks  on  its  advan- 
tages and  disadvantages  when  used  for 
heating  buildings.  J400  w.  Heat  & 
Vent  Mag — July,  1909.     No.  6472. 

The  Problems  of  the  Municipal  Heat- 
ing Engineer  (Ueber  die  Aufgaben  der 
Stadt  Heizungsingenieure).  Herr  Ar- 
noldt.  Discusses  principally  the  letting 
of  contracts  for  the  installation  of  heat- 
ing plants,  methods  of  testing,  etc.  8300 
w.  Gesundheits  Ing — June  26,  1909.  No. 
6704   D. 

Errors. 

Experiences  in  Heating  (Erfahrungen 
in  Heizungsfach).  Otto  Ginsberg.  Dis- 
cusses a  number  of  common  errors  in 
heating  practice.  Ills.  Serial,  ist  part. 
5000  w.  Gesundheits-Ing — June  19,  1909. 
No.   6703   D. 

Exhaust  Gas  Heating. 

Heating  by  the  Waste  Gases  from  Oil 
Engines  (Verwendung  der  Dieselmotor- 
enabwarme  zu  Heiz-  und  Warmwasser- 
bereitungszwecken).  M.  Hottinger.  A 
report  of  tests.  2300  w.  Gesundheits-Ing 
— June  26,  IQ09.  No.  6705  D. 

Fan  Blast. 

See  Hot-Air  Heating,  under  Heating 
AND  Cooling. 

Hot-Air  Heating. 

Report  of  the  Committee  on  Fan-Blast 
Heating.  Also  tables  and  related  matter. 
3000  w.  Am  Soc  Heat  &  Vent  Engrs — 
July   15,   1909.     No.  6465  N. 

Fan-Blast  Heating  Data.  Supplemen- 
tary report  of  committee,  presented  to 
the   Am.    Soc.   of   Heat.   &   Vent.    Engrs. 


2000  w.     Met  Work — July  31,  1909.     No. 

6785. 
Hot-Water  Heating. 

Rapid-Circulation  Hot-Water  Heating 
(Turul  Schnellumlaufheizung).  E.  Seg- 
esvary.  Discusses  the  advantages  of 
rapid  circulation.  Ills.  2200  w.  Gesund- 
neits-Ing — June  5,   1909.   No.  6702  D. 

Pipe  Radiation. 

Calculations  for  Heat  Losses  from 
Pipes.  William  M.  Grosvenor.  Gives 
curve  sheet  for  simplifying  calculations, 
with  explanation.  Chart.  Presented  at 
meeting  of  Am.  Soc.  of  Chem.  Engrs. 
1000  w.  Heat  &  Vent  Mag — July,  1909. 
No.    6471. 

Radiators. 

The  Effect  of  Painting  Radiating  Sur- 
faces. John  R.  Allen.  Describes  experi- 
ments conducted  at  the  Experimental 
Laboratory  of  the  University  of  Michi- 
gan. 1200  w.  Am  Soc  of  Heat  &  Vent 
Engrs — July  15,  1909.     No.  6470  N. 

Refrigeration. 

The  Absorption  Refrigerating  Machine. 
W.  E.  Crane.  Explains  the  different 
parts  and  their  functions  and  gives  ad- 
vice as  to  care  and  operation.  5500  w. 
Power — June  29,   1909.     No.  6022. 

The  Capacity  of  Refrigerating  Ma- 
chines. F.  E.  Matthews.  Explains  meth- 
ods of  determination,  illustrating  by  ex- 
ample. 3000  w.  Power — July  6,  1909. 
No.  6202. 

Air  Cooling  by  Refrigeration.  W.  W. 
Macon.  Read  before  the  Am.  Soc.  of 
Heat.  &  Vent.  Engrs.  Discusses  the  de- 
termining requirements  of  refrigerating 
apparatus,  giving  charts  for  facilitating 
calculations.  6000  w.  Ice  &  Refrig — 
July,  1909.     No.  6191  C. 

School  Buildings. 

Safeguarding  Our  Profession.  William 
M.  Mackay.  Remarks  on  faulty  designs, 
especially  considering  school  heating  and 
ventilating  plant's.  2000  w.  Am  Soc  of 
Heat  &  Vent  Engrs — July  15,  1909.  No, 
6469  N. 

Steam.  Heating. 

Heating  and  Ventilating  System,  Fin- 
ney Chapel,  Oberlin  College,  Oberlin, 
Ohio.  B.  S.  Harrison.  Sketches  and  de- 
scription of  the  system  adopted.  900  w. 
Am  Soc  of  Heat  &  Vent  Engrs — July  15, 
1909.     No.  6468  N. 

Ventilation. 

Ventilating  a  Twelve  -  Story  Loft 
Building  in  New  York.  Illustrated  de- 
scription of  a  heating  plant  complying 
with  the  factory  ventilating  law.  /it^oo  w. 
Met  Work — July  10,  1909.     No.  6244. 

Ventilation  of  a  Newspaper  Photo-En- 
graving Plant.  Illust'rated  description 
of  a  ventilating  system  in  the  photo- 
engraving department  of  San  Francisco 
"Call,"  for  the  removal  of  fumes.  2000  w. 
Eng  Rec — June  26,  1909.     No.  6000. 
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Wind  Effects. 

Examples  of  Wind  Effects  on  Ventila- 
tion and  Heating.  II.  W.  Whitten.  Re- 
ports restdts  of  recent'  tests.  1500  w. 
Am  Soc  of  Heat  &  Vent  Engrs — July  15, 
1909.     No.  6467  N. 

HYDRAULIC  MACHINERY. 
Accumulators. 

A  System  of  High  and  Low  Pressure 
Hydraulic  Accumulators.  R.  F.  Williams. 
Illustrates  and  describes  an  interesting 
hydraulic  system  at  the  Montreal  works 
of  the  Am.  Loc.  Co.  700  w.  R  R  Age 
Gaz — July  9,  1909.     No.  6232. 

Centrifugal  Pumps. 

The  Graphical  Design  of  Centrifugal 
Pumps  (Application  du  Calcul  graphique 
aux  Pompes  centrifuges).  M.  Lecuir. 
Mathematical.  Ills.  2000  w.  Rev  de 
Mecan — June,   1909.     No.  6526  E  +  F. 

Vane  Construction  (Die  gegenwartige 
Lage  des  Schauflerbaues).  Egon  Eick- 
hoff.  Discusses  modern  practice  in  vane 
design  for  centrifugal  and  turbine 
pumps.  3200  w.  Die  Turbine — May  20, 
1909.  No.  6580  D. 

Centrifugal  Pump  Discharges  (Ueber 
Entlastungsvorrichtungen  bei  Zentrifu- 
galpumpen).  Otto  Gottschling.  Discusses 
various  designs.  Ills.  3000  w.  Die  Tur- 
bine— June  5,   1909.     No.  6582  D. 

Methods  of  Priming  Centrifugal 
Pumps.  John  B.  Sperry.  Describes  some 
of  the  more  common  systems  in  use,  giv- 
ing directions  for  the  proper  handling  of 
each.  Ills.  2500  w.  Power — July  20, 
1909.     No.  6434. 

Special  Duty  Centrifugal  Pumps.    John 

B.    Sperry.    Suggestions    for    the    use    of 

standard    pumps    for    special    duty.      Ills. 

1500  w.     Power — July  13,  1909.     No.  6314. 

Pumping  Engines. 

Compound  Cornish  Pumping  Engines. 
W.  Percy  Gauvain.  Remarks  on  the  lat- 
est type  of  these  engines,  and  the  general 
principles  which  govern  the  working. 
Ills.  2200  w.  Min  &  Sci  Pr — July  10, 
1909.      No.   6319. 

Working  Result's  of  Pumping  Engines 
Operated  by  Producer  Gas.  D.  Hastings 
Irwin.  Read  before  the  Assn.  of  Water 
Engrs.  Gives  data  taken  from  plants  in 
operation.  2000  w.  Surveyor — July  9, 
1909.  No.  6416  A. 
Pumping  Plants. 

Steam-Driven  Pumping  Plant  for  Deep 
Wells  and  Boreholes.  Alfred  Towler. 
Read  before  the  Assn.  of  Water  Engrs. 
Considers  plants  in  which  the  engine  is 
out  of  suction  distance  from  the  water 
to  be  pumped,  indicating  the  principles 
affecting  the  durability  and  efficiency  of 
rod  pumps.  Ills.  6000  w.  Mech  Engr — 
July  2,    1909.      No.   6299   A. 

Winnipeg  High-Pressure  Fire  Service. 
Illustrated   description   of   the   gas-driven 

IVe  supply   copies  of  the 


high-pressure    fire    service    water    supply 
installed    at    a    cost    of    nearly    a    million 
dollars.     2500  w.     Engr,   Lond — June   25, 
1909.     No.  6286  A. 
Turbine  Design. 

Turbine  Diagrams  (Ueber  Turbinen- 
diagrannnc).  K.  liraun.  Mathematical 
discussion  of  the  graphical  design  of 
water  turbines.  Ills.  1600  w.  Zeitschr 
f  d  Gesamte  Turbinenwesen — June  30, 
1909.  No.  6585  D. 
Turbine  Plants. 

A  Pelton-Francis  Turbine  Installation 
at  Schaghticoke,  N.  Y.  Illustrated  de- 
scription of  a  20000  horse  power  installa- 
tion. 1500  w,  Ir  Age — July  15,  1909. 
No.  6342. 

The  Luzern-Engelberg  Water-Power 
Plant  (Die  Wasserkraftanlage  Luzern- 
Engelberg).  Andreas  Stamm.  Describes 
interesting  features  of  the  turbine  instal- 
lation. Ills.  1800  w.  Die  Turbine — 
June  20,  1909.  No.  6584  D. 
Turbine  Tests. 

Brake  Tests  on  a  300  Horse- Power 
Horizontal  Turbine  ( Bremsresultate 
einer  Kesselturbine  von  300  P,S).  Karl 
Gottwein.  Describes  the  installation  and 
gives  results.  Ills.  2000  w.  Zeitschr  d 
Oest  Ing  u  Arch  Ver — June  18,  1909. 
No.  6596  D. 
Water  Wheels. 

Building  Pelton  Wheels.  W.  Burns. 
Brief  illustrated  description  of  methods 
used.  1200  w.  Power — July  6,  1909.  No. 
6203. 

MACHINE  ELEMENTS  AND  DESIGN. 
Ball  Bearings. 

Gages  and  Fixtures  for  Testing  Ball 
Bearings.  Illustrates  and  describes  tools 
used.  2500  w.  Am  Mach — Vol.  32.  No. 
26.     No.  6097. 

See    also    Shop    Practice,    under    M.\- 
CHiNE  Works  and  Foundries. 
Bosses. 

The  Diameter  and  Length  of  Bosses. 
R.  A.  Lewis.  Gives  coefficients  illustrat- 
ing the  prevailing  proportions  of  a  boss 
and  arms  to  their  shaft.  800  w.  Engr, 
Lond — June  18,  1909.  No.  6050  A. 
Connecting  Rods. 

Stress  Distribution  in  Connecting  Rod 
Heads  (Die  Spaimungsverteilung  in 
geschlossenen  Schubstangenkopfen).  A. 
Watzinger.  Mathematical  and  graphical 
discussion.  Ills.  1800  w.  Zeitschr  d 
Ver  Deutscher  Ing — June  26,  1909.  No. 
6732  D. 
Crank  Shafts. 

A  System  of  Crank  Shafts  with  Slotted 
Side  Plates  (Un  Systeme  d'Essieux  cou- 
des  a  Fiasques  evidees).  Ed.  Sauvage. 
Brief  description  of  crank  axles  of  which 
the  side  plates  are  not  solid.  Ills.  1300  w. 
Bui  Soc  d'  Encour— May,  1909.  No. 
6522   G. 

sc  articles.     See  page  104&. 
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cears. 

Ferguson's  Mechanical  Paradox.  Il- 
lustrated description  of  an  ingenious 
train  of  gears  invented  in  1750.  2000  w. 
Sci  Am  Sup — July  24,  1909.     No,  6625. 

Worm  Gears  (Die  Schraubenrader). 
H.  Witz  and  L.  Gaisser.  Mathematical 
discussion  of  their  design.  Ills.  2500  w. 
Zeit'schr  f  Werkzeug — June  5,  1909.  No. 
6590  D. 

Kinematics. 

Instantaneous  Axes  and  Their  Appli- 
cation to  the  Solution  of  Problems  in 
Kinetics.  A.  Spencer-Bower.  A  mathe- 
matical explanation  of  their  utility  in  the 
determination  of  the  relative  velocities 
of  two  or  more  moving  centers.  Diagram. 
2000  w.  Mech  Wld — June  25,  1909.  Serial, 
1st  part.     No.  6268  A. 

Mechanics. 

The  Work  of  Recoil.  Sir  George 
Greenhill.  Explanatory  note.  500  w. 
Engr,  Lond — July   16,   1909.     No.  6692  A. 

Rivetted  Joints. 

Rivetting  Tests  (Nietversuche).  Re- 
sults obtained  by  the  German  Bridge  and 
Steel-Construction  Company.  Ills.  2200 
w.  Stahl  u  Risen — June  16,  1909.  No. 
6566  D. 

Slide-Rules. 

A  Duplex  Slide-Rule  with  Log-Log 
Scales  for  Power  and  Root-Calculations, 
Explains  an  instrument  which  will  sim- 
plify exponential  calculations.  Ills.  3500 
w.     Eng  News — July  8,   1909.     No.  6226. 

Speed  Changing. 

A  Variable  Speed  Gear.  Arthur  W. 
Jones.  Illustrated  description  of  an  in- 
teresting gear  designed  for  the  bicycle. 
1200  w.  Am  Mach — Vol.  32.  No.  27. 
No.  621 1. 

Torsion. 

The  Theory  of  Torsion  as  Applied  to 
Rectangular  Prismatic  Rods  (Zur  Theorie 
der  Torsion  rechteckig-prismatischer 
Stabe).  Rudolf  Goetzke.  Mathematical. 
Ills.  5000  w.  Zeitschr  d  Ver  Deutscher 
Ing — June   12,   1909.     No.  6724  D. 

MACHINE  WORKS  AND  FOUNDRIES. 

Automatic  Machinery. 

Comparison  of  Power  Efficiency — No.  2 
and  No.  2-G  B  &  S  Automatic  Screw 
Machines.  A  report  of  tests.  Ills.  1200 
w.  Am  Mach — Vol,  z^.  No,  26,  No. 
6096, 
Brass  Founding. 

Repairing  Broken  Brass  Castings. 
Ethan  Viall.  Illustrates  and  describes 
methods  used  in  the  brass  foundry  of 
the  C.  &  A.  railroad,  at  Bloomington,  111. 
800  w.  Foundry — July,  1909.  No.  6124. 
Bronze  Founding. 

Casting  a  Colossal  Bronze  Statue.  Il- 
lustrations and  information  concerning 
the   monument   to    King  Victor   Emanuel 


II  in  Rome,  Italy.     1000  w.     Sci  Am  Sup 
— July  ID,   1909.     No.  6243. 

Case  Hardening. 

Experiments  on  the  Case  Hardening  of 
Steel  by  Gases.  J.  C.  Olsen  and  John  S. 
Weiffenback.  Read  at  the  Brooklyn  meet- 
ing of  the  Am.  Inst,  of  Chem.  Engrs. 
(Abstract.)  Carbon-monoxide  found  the 
best  gas  for  the  purpose.  1500  w.  Ir 
Age — July  8,  1909.  No.  6217. 
Castings. 

Steel  Castings.  A  general  discussion. 
Ills.  7000  w.  Pro  Engrs'  Soc  of  W  Penn 
— July,  1909.     No.  6746  D. 

Making  Malleable  Castings,  An  illus- 
trated review  of  recent  developments,  re- 
ferring to  papers  read  before  the  Amer- 
ican and  British  foundry  associations, 
2500  w,  Ir  &  Coal  Trds  Rev — June  25, 
1909,     No,  6287  A, 

See  also  Cleaning,  under  Machine 
Works  and  Foundries. 

Cleaning. 

A  New  Process  for  Cleaning  Iron  with 
Recovery  of  Sulphate  of  Iron  (Note  sur 
un  Procede  nouveau  pour  le  Decapage 
du  Fer  et  la  Recuperation  du  Sulfate  de 
Per).  Georges  Charpy.  Brief  descrip- 
tion, read  before  the  Congress  of  Applied 
Chemistry.  Ills.  1200  w.  Rev  de  Metal 
— June,   1909.     No,  6509  E  +   F. 

Straight-  and  Curved-Track  Dipping 
Machines  (Geradbahn-  und  Kreisbahn- 
Beizmaschinen),  U,  Lohse,  Describes 
various  machines  for  dipping  sheets  in 
cleaning  solutions.  Ills,  Serial,  ist  part, 
2800  w.  Stahl  u  Eisen — June  16,  1909. 
No,  6565  D, 

Modern  Plants  for  Cleaning  Castings 
(Ueber  moderne  Gussputzanlagen).  W. 
Caspary,  Discusses  the  arrangement  and 
equipment  of  the  cleaning  room  and  its 
relation  to  other  parts  of  the  plant.  Ills, 
2200  w,  Stahl  u  Eisen — June  2,  1909. 
No,  6561  D. 
Converters. 

A  Baby  Converter  Steel  Foundry,  Il- 
lustrated description  of  the  construction, 
equipment,  and  operation  of  a  small  Tro- 
penas  converter  steel  casting  plant  at 
Newcastle,  Delaware.  2500  w.  Foundry 
— July,  1909.    No.  6122, 

Cupola  Practice. 

Economy  in  Cupola  Melting.  J.  W. 
Henderson,  Considers  factors  of  econ- 
omy involved  in  the  conversion  of  pig 
iron,  scrap,  etc,  into  good  castings.  Ills. 
Discussion.  7000  w.  Pro  Engrs'  Soc  of 
W  Penn — July,  1909.    No.  6745  D. 

Cutting  Tools. 

An  Improved  Lathe  Tool  and  Tool- 
Holder.  Describes  the  recent  invention 
of  James  Hart'ncss.  Ills.  4500  w.  Mech 
Engr — June  18,  1909.     No.  6034  A, 
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Damascening. 

A  New  Process  for  Damascening,  In- 
laying, and  Blending  Alctals.  IlhistraLcd 
description  of  the  process  and  work  pro- 
duced. 1500  w.  Sci  Am — July  31,  1909. 
No.  6765. 
Drilling. 

Minimizing  the  Time  of  Drilling  Opera- 
tions. Alfred  Spangenberg.  Analy/i  the 
elements  that  enter  into  rapid  drilling, 
pointing  out  usual  defects  in  methods  and 
processes.  2500  w.  Mach,  N  Y — July, 
1909.  No.  6071  C. 
Forging  Hammers. 

The   Bliss   Compound    Pneumatic  Forg- 
ing     Hammer.       Illustrated      description. 
1000  w.     Ir  Age — July  i,  1909.     No.  6062. 
Foundries. 

Wheel  Foundry  and  Foundry  Methods; 
Norfolk  &  Western.  George  L.  Fowler. 
Detailed  account  of  wheel  foundry  prac- 
tice at  the  Roanoke  shops.  Ills.  3000  w. 
R  R  Age  Gaz — July  16,  1909.  Serial,  ist 
part.     No.  6379. 

Modern  Iron  Foundry  and  Materials 
Yard.  Features  for  facilitating  the  handl- 
ing of  materials  at  a  large  iron  foundry 
in  Milwaukee,  Wis.,  are  illustrated  and 
described.  1000  w.  Am  Mach — Vol.  32. 
No.  27.  No.  6209. 
Foundry  Accidents. 

The  Prevention  of  Accidents  in  Found- 
ries. Reports  to  the  American  Foundry- 
men's  Assn.  of  a  special  committee,  of 
which  Thomas  D.  West  was  chairman. 
Suggestions  for  prevention,  safety  devices, 
etc.  Ills.  3000  w.  Ir  Age — July  22,  1909. 
No.  6602. 
Jigs. 

Hints  to  Jig  Designers.  A.  Whitehead. 
Remarks  on  general  principles.  1200  w. 
Mech  Wld — July  16,  1909.  Serial,  ist  part. 
No.  6666  A. 

Some  Interesting  Types  of  Drill  Jigs. 
Illustrates  and  describes  handy  devices. 
1500  w.  Am  Mach — Vol.  32.  No.  27.  No. 
6212. 

Standard  Designs  of  Jigs  and  Fixtures 
for  the  Manufacture  of  Small  Inter- 
changeable Parts.  Frank  P.  Crosby.  Il- 
lustrations with  concise  descriptions  of  es- 
sential points.  1500  w.  Mach,  N  Y — July, 
1909.  No.  6066  C. 
Lathes. 

Truing  a  Bench  Lathe  Bed.  Walter 
Gribben.  Illustrated  description  of  the 
work.  1000  w.  Mach,  N  Y — July,  1909. 
No.  6067  C. 

Sellers  Car-Wheel  Lathe.  Illustrated 
description  of  the  machine  and  its  opera- 
tion. 1500  w.  Mach,  N  Y — July,  1909. 
No.  6072  C. 

Sellers  42-In.  Car-Wheel  Lathe.  Illus- 
trated detailed  description.  2500  w.  R  R 
Age  Gaz — July  23,  1909.     No.  66^,3. 

The  Lodge  &  Shipley  Marvel  Lathe. 
Illustrated  detailed  description  of  an  im- 

We  supply  copies  of  these 


proved  design  primarily  for  the  rapid  pro- 
duction  of  duplicate   parts.     2500   w.     Ir 
Age— July  29,  1909.     No.  67i)5. 
Machine  Tools. 

Some  Thoughts  on  Machine  Tool  De- 
sign. Forrest  C.  Cardullo.  Considers 
speed  and  feed  changes,  vibration,  bear- 
ings, and  related  subjects.  5000  w.  Mach, 
N  Y— July,  1909.  No.  6r/j5  C. 
Molding. 

The  Permanent  Mold  and  Its  RfTect  on 
Cast  Iron.  E.  A.  Custer.  Read  before  the 
Am.  Soc.  for  Test.  Mat.  Gives  results  of 
investigations.  Ills.  2500  w.  Ir  Trd  Rev 
—July   15,   1909.     No.  6366. 

Molding   a    Cast    Steel    Bolster.      II.    J. 

McCaslin.    Explains  the  problems  involved 

and    the   method   of   solving   them.     Ills. 

2800  w.     Foundry — July,   1909.     No.  6123. 

Molding  Sand. 

A  Xcw  Plant  for  the  Preparation  and 
Cleaning  of  Molding  Sand  (Fine  neue 
Sandaufbereitung).  C.  Henning.  De- 
scribes an  elaborate  installation  in  the 
Strebelwerk  foundry,  Mannheim.  Ills. 
4200  w.  Stahl  u  Eisen — June  2,  1909.  No. 
6560  D. 
Pattern  Making. 

Pattern  Making  for  Steel  Foundries 
(Die  Schablonenformerei  in  Stahlform- 
giessercien).  Leonard  Treuheit.  Dis- 
cusses its  importance  and  gives  exam.ples 
of  difficult  work.  Ills.  Serial,  ist  part. 
1700  w.  Stahl  u  Eisen — June  2,  1909.  No. 
6562  D. 
Pipe  Making. 

Plant  Used  in  the  Manufacture  of 
Tubes.  W.  H.  A.  Robertson.  Read  be- 
fore the  Inst,  of  Metals.  Describes  the 
more  important  processes  and  the  ma- 
chines used.  4500  w.  Mech  Engr — July  2, 
1909.  No.  6298  A. 
Pneumatic  Tools. 

See  Forging  Hammers,  under  Machine 
Works  and  Foundries. 
Saws. 

The  ^Management  of  Band  Saws  (Uebcr 
die  Bchandlung  von  Blockbandsiigen). 
David  Dominicus.  A  discussion  of  their 
operation  and  care.  Ills.  Serial,  ist  part. 
2700  w.  Zeitschr  f  Werkzeug — June  25, 
1909.  No.  6592  D. 
Shop  Hygiene. 

Dust  Removal  in  the  Grinding  Trades. 
C.  Johnston  and  S.  R.  Bennett.  From 
I9q8  report  of  the  Chief  Inspector  of  Fac- 
tories and  Workshops.  Describes  experi- 
ments undertaken  with  a  view  to  devising 
means  to  prevent  inhalation  of  dust.  2800 
w.  Mech  Engr— July  9.  1909.  No.  6417  A. 
Shop  Appliances. 

Milling,  Bending  and  Testing  Fixtures. 
Illustrates  and  describes  how  accurate 
machine  parts  are  finished  by  special  ap- 
pliances. 2000  v.  Am  Mach — Vol.  32. 
No.  28.  No.  6326. 
articles.     Sec  page  J048. 


1030 


THE    ENGINEERING    INDEX, 


Shop  Practice. 

Machine  Tool  Practice  for  Maximum 
Production.  Charles  Day.  Second  article 
of  a  series,  considering  the  design  and 
construction  of  tools  for  specified  perform- 
ance. Ills.  3500  w.  Engineering  Maga- 
zine— Aug,  1909.     No.  6747  B. 

Machine  Shop  Practice.  Discusses 
shrinking  and  forcing  fits.  Supplement. 
1200  w.  Mach,  N  Y — July,  1909.  No. 
6070  C. 

The  Making  of  Incandescent  Electric 
Lamps.  Illustrates  and  describes  some  of 
the  automatic  and  semi-automatic  ma- 
chines employed,  and  the  methods.  3000 
w.  Am  Mach— Vol.  32.  No.  29.  No. 
6611. 

Making  Steel  Balls  for  Ball  Bearings. 
Snowden  B.  Redfield.  Illustrates  and 
describes  the  methods  of  manufacture. 
2000  w.  Am  Mach — Vol.  32.  No.  28. 
No.  6328. 

The  Manufacture  of  Crank-Shafts.  Il- 
lustrated detailed  description  of  methods 
used  by  a  Philadelphia  manufacturer. 
3500  w.  Mach,  N  Y — July,  1909.  No. 
6069  C. 

Making  the  Colt  Automatic  Pistol.  Il- 
lustrated description  of  interesting  fea- 
tures of  the  Colt  Armory,  at  Hartford, 
Conn,,  and  the  methods  used  in  working 
the  parts  so  as  to  avoid  brazed  or  screwed 
joints.  2500  w.  Am  Mach — Vol.  32.  No. 
28.     No.  6324. 

Manufacturing  the  Smith  Premier  Type- 
writer. Illustrated  description  of  factory 
and  methods.  5500  w.  Ind  Engng — July 
15,   1909.     No.  6675  C. 

Automobile  Cylinder  and  Piston  Finish- 
ing. Hugh  Dolnar.  Illustrates  and  de- 
scribes methods — especially  the  Cartercar 
practice.  1200  w.  Am  Mach — Vol.  32, 
No.  26.    No.  6094. 

Automobile  Engine  Cylinder  and  Piston 
Finishing  Practice.  Hugh  Dolnar.  Illus- 
trates and  describes  the  practice  of  the 
Am.  Simplex  Motor  Car  Company.  1200 
w.  Am  Mach — Vol.  32.  No.  27.  No. 
6208. 

Machining  Heavy  Connecting-Rod, 
Bearing  and  Details.  Describes  the  neces- 
sary operations  and  the  machines  advo- 
cated. Ills.  1500  w.  Prac  Engr — July  2, 
1909.    Serial,  ist  part.    No.  6296  A. 

Shops. 

A  New  Oil  Engine  Vvorks.  Brief  illus- 
trated description  of  new  works  at  Hazel 
Grove,  England.  1700  w.  Engr,  Lond — 
July  16,   1909.     No.  6689  A. 

The  Vail  Family  and  the  Speedwell 
Works.  Edward  P.  Buffet.  An  account 
of  works  near  Morristown,  N.  J.,  which 
were  recently  burned.  They  were  founded 
in  Revolutionary  times.  3500  w.  Am 
Mach— Vol.  32.     No.  28.    No.  6327. 


Shop  Ventilation. 

Compulsory  Factory  Ventilation.    C.  M. 
Ripley.     A  justification  of  the  New  York 
State  law.     180Q  w.    Ir  Age — July  8,  1909. 
No.  6215. 
Watchmaking  Machinery. 

Some  Machinery  and  Methods  of 
Watchmaking.  Ethan  Viall.  Illustrates 
and  describes  machinery  and  methods  seen 
at  the  plant  of  the  Illinois  Watch  Co., 
Springfield,  111.  3000  w.  Mach,  N  Y — 
July,   1909.     No.  6064  C. 

MATERIALS   OF   CONSTRUCTION. 

Alloys. 

Veeder  Alloy  (Veeder-Guss).  Describes 
the  properties  of  a  cast  tin  alloy  used 
in  the  manufacture  of  Veeder  cyclometers. 
Ills.  2500  w.  Giesserei-Zeit — June  i, 
1909.  No.  6568  D. 
Alloy  Steels. 

Special  Industrial  Steels  (Les  Aciers 
speciaux  industriels).  Leon  Guillet.  Read 
before  the  Congress  of  Applied  Chem- 
istry. Discusses  the  characteristics  con- 
ferred by  various  alloys.  2000  w.  Rev  de 
Metal — June,  1909.  No.  6517  E  +  F. 
Brass. 

Ingoted  Scrap  Brass  and  Bronze.  Walter 
J.  May.  Brief  discussion  of  it's  prepara- 
tion and  use.  800  w.  Prac  Engr — June 
18,  1909.     No.  6031  A.  1 

Brasses  and  Copper  (Laitons  et  Cuivre). 
Charles  Grard.  Describes  mechanical 
tests,  heat-treatment  investigations  and 
metallographic  examinations.  Ills.  Serial, 
I  St  part.  TOOGO  w.  Tech  Mod — June, 
1909.  No.  6540  D. 
Bronzes. 

The    Influence    of    Heat    Treatment    on 
Copper  Alloys  (Influence  des  Traitements 
thermique    sur    les    Alliages    de    Cuivre). 
A.    Portevin.     Read  before   the   Congress 
of  Applied  Chemistry.     Results  of  experi- 
ments   indicating    that   the    properties    of      1 
bronzes  can  be  altered  by  heat  treatment.      ; 
2400  w.     Rev  de  Metal — June,  1909.     No.      ' 
6518  E  +  F. 
Heat  Insulation. 

The  Practical  Efiiciency  of  Heat'-Insu- 
lating  Materials.  Charles  R.  Darling. 
Gives  a  summary  of  results  obtained  dur- 
ing a  series  of  tests  on  commercial  lag- 
gings, and  the  conclusions  reached.  2000 
w.  Engng — July  9,  1909.  No.  6422  A. 
Metallography. 

The  Industrial  Applications  of  Metal- 
lography (Les  Applications  de  la  Metal- 
lographic a  ITndustrie).  Louis  Revillon. 
Read  before  the  Congress  of  Applied 
Chemistry.  1700  w.  Rev  de  Metal — 
June,  1909.     No.  6519  E  -|-  F. 

The  Magnetic  Properties  of  Iron  and 
the  Study  of  Metals  and  Alloys  (Le  Fer- 
romagnetisme  et  I'Etude  des  Metaux  et 
Alliages).  Pierre  Weiss.  Read  before  the 
Congress  of  Applied  Chemistry.     A  dis» 
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cussion  of  the  importance  of  magnetic 
properties  in  the  study  of  metallographic 
problems.  Ills.  6500  w.  Rev  de  Metal 
—June,  1909.     No.  6508  E  +  F. 

The  Fatigue  and  Crystallization  of 
Metals.  Walter  Rosenhain.  Reviews  evi- 
dence that  metals  arc  aggregates  of  crys- 
tals, discussing  the  conditions  affecting  the 
size  of  the  crystals  and  their  formation, 
and  explaining  "fatigue"  failure.  Discus- 
sion. Ills.  7000  w.  Jour  W  of  Scotland 
Ir  &  St  Inst— Feb,  1909.  No.  6456  N. 
Steel. 

The  Heat  Treatment  of  Steel  (Re- 
marques  sur  les  Traitements  Thermiques 
des  Produits  siderurgiques).  Leon  Guil- 
let.  Read  before  the  Congress  of  Applied 
Chemistry.  Calls  attention  particularly  to 
the  importance  of  the  time  element.  1300 
w.  Rev  de  Metal — June,  1909.  No.  6516 
E  -H  F. 
Timber  Drying. 

Kiln  Drying  Lumber.  Charles  L.  Hub- 
bard. Discusses  the  drying  of  lumber  by 
artificial  means,  describing  various  kinds 
of  apparatus  used.  Ills.  2000  w.  Dom 
Engng — July  17,  1909.  Serial,  1st  part. 
No.  6432. 
Tool  Steels. 

U.  S.  Navy  Specifications  for  Tool 
Steel.  Henry  Williams.  Concerning  the 
chemical  composition  and  physical  charac- 
teristics adopted  by  the  Navy  for  purchase 
of  tool  steel.  4000  w.  Am  Mach — Vol. 
32.     No.  30.     No.  6758. 

Buying  Carbon  Tool  Steel  on  Specifi- 
cations. J.  M.  Darke.  From  the  Gen. 
Elec.  Rev.  Gives  the  specifications  drawn 
up,  with  a  brief  statement  of  methods  of 
chemical  analyses.  2000  w.  Am  Mach — 
Vol.  2>2.     No.  30.     No.  6760. 

MEASUREMENT. 
Air  Meters. 

The  Measurement  of  Compressed  Air. 
Prof.  J.  Orr.  Read  before  the  Trans. 
Inst,  of  Mech.  Engrs.  Illustrated  descrip- 
tion of  meters  for  determining  the  amount 
of  air  at  every  temperature,  passing 
through  the  meter.  2000  w.  Mech  Engr — 
July  16,  1909.  Serial,  ist  part.  No.  6665  A. 
Friction. 

An    Apparatus    for    Studying    Friction. 
IHustrated    description    of   the   instrument 
devised  by  M.  G.  Derihon.     1200  w.     Sci 
Am  Sup— July  17,   1909.     No.  6335. 
Gages. 

Gages  Used  in  Making  Comptometers. 
Illustrated  description  of  gages  for  test- 
ing accuracy  of  machine  work  on  levers, 
rods,  cams,  gears,  etc.  2500  w.  Am  Mach 
—Vol.  32.    No.  30.    No.  6757. 

End-Measuring  Gauges  (Zur  Frage  der 
Endmassnormale).  August  Bauschlichcr. 
Their  uses,  types  available,  etc.  Serial,  ist 
part.  2500  w.  Zeitschr  f  Werkzeug — 
June  25,  1909.    No.  6591  D. 

We  supply  copies  of  these 


The  Johansson  Combination  Gauges 
(Les  Calibrcs-Etalons  a  Combinaisons 
"Johansson").  A  description  of  the  mer- 
its of  this  new  system.  Ills.  4500  w.  Rev 
<Ic  Mecan — June,  1909.  No.  6529  E  +  F. 
Micrometers. 

Some  Remarkable  Printing  Office  De- 
vices. Snowden  B.  Redfield.  Illustrates 
and  describes  ingenious  devices  so  sensi- 
tive as  to  distinguish  a  variation  in  thick- 
ness of  one  sheet  of  paper.  4000  w.  Am 
Mach — Vol.  32.  No.  26.  No.  6093. 
Pyrometry. 

Workshop  Pyrometry.  Chas.  R.  Dar- 
ling. An  account  of  the  present  con- 
dition of  pyrometry  in  relation  to  its 
industrial  uses.  3000  w.  Mech  Wld — 
June  18,  1909.  Serial,  ist  part.  No. 
6037  A. 

See  also  Coke  Ovens,  under  MINING 
AND  METALLURGY,  Coal  and  Coke. 
Test  Bars. 

Perplexing  Differences  in  the  Tensile 
Strength  of  Round  and  Square  Test  Bars. 
A.  Gustersen.  Describes  the  writer's  ex- 
perience, w'here  in  every  case  the  square 
bar  showed  a  much  higher  tensile  strength. 
600  w.  Brass  Wld — July,  1909.  No.  6478. 
Testing  Machines. 

A  Laboratory  Machine  for  Applying 
Bending  and  Twisting  Movements  Simul- 
taneously. E.  G.  Coker.  From  Pro.  of  the 
Phys.  Soc,  London.  Illustrates  and  de- 
scribes a  machine  for  applying  combined 
stresses.  2000  w.  Engr,  Lond — July  9, 
1909.  No.  6430  A. 
Testing  Methods. 

Mechanical  Tests  of  Cast  Iron  (Essais 
mecaniques  de  la  Fonte).  Ch.  Fremont. 
A  review  of  testing  methods,  with  a  de- 
scription of  a  new  machine  and  method  of 
testing  invented  by  the  author.  Ills.  6000 
w.  Bui  Soc  d'Encour — May,  1909.  No. 
6524  G. 

POWER  AND  TRANSMISSION. 

Air  Compressors. 

Three  Cylinder,  Two  Stage,  Steam 
Driven  Air  Compressor.  Illustrations  and 
description  of  one  of  the  largest  enclosed 
type  machines  ever  built.  1800  w.  Ir  Trd 
Rev — July  I,  1909.     No.  61 10. 

Belt  Driving. 

The  Efficiency  of  Power  Transmission 
by  Belting  (A  propos  du  Rendement  des 
Courroies  de  Transmission).  Karl  Kobes. 
Mathematical.  Ills.  5500  w.  Rev  de 
Mecan— June.    1909.     No.  6527   E  -f   F. 

Compressed  Air. 

See  Air  Meters,  under  Measurement. 

Electric  Driving. 

Electric-Driven  Rolling  Mills.  E.  Fried- 
lander.  General  discussion  of  the  advan- 
tages and  of  details  of  installations.  Also 
short  paper  by  E.  W.  Yearsley,  on  Rol'ing 
Mill  Motors.  3000  w.  Pro  Am  Inst  of 
Elec  Engrs- July,   1909.     No.  6487  F. 

articles.     See  page  iQ-iS. 
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Electric  Driving  for  Weaving  Machin- 
ery. Albert  Walton.  Illustrates  and  de- 
scribes applications  of  individual  electric 
motors  to  the  direct  operation  of  looms. 
3000  w.  Cassier's  Mag — July,  1909.  No. 
6346  B. 

See  also  Controllers,  under  ELECTRI- 
CAL   ENGINEERING,    Dynamos    and 
Motors. 
Gears. 

The  Lecoche  Frictionless  Transmission 
Gear.     Illustrated   description  of   this   in- 
teresting new  invention.    800  w.    Engng — 
July  2,   1909.     No.  6306  A. 
Hydraulic  Transmissions. 

A  New^  Form  of  Hydraulic  Gear  for 
the  Transmission  of  Pov^er.  Illustrates 
and  describes  an  invention  recently 
patented  by  H.  S.  Hele-Shaw.  1200  w. 
Prac  Engr — July  9,  1909.  No.  6414  A. 
Lubricants. 

The  Selection  of  an  Oil  for  Lubrication. 
Henry  M.  Wells  and  William  Scott-Tag- 
gart.  Gives  reasons  why  physical  tests 
are  useless.  3000  w.  Power — July  27, 
1909.  Serial,  ist  part.  No.  6697. 
Mechanical  Plants. 

A  Combination  Ventilating,  Heating 
and  Cooling  Plant  in  a  Bank  Building. 
A.  M.  Feldman.  Gives  data  and  results 
of  a  plant  installed  in  a  bank  building  in 
New  York  City.  Ills.  3500  w.  Am  Soc 
of  Heat  &  Vent  Engrs — July  15,  1909.  No. 
6466  N. 
Power  Plants. 

The  Shop  Power  Plant.  Charles  L. 
Hubbard.  Gives  suggestions  to  guide  in 
the  selection  of  equipment.  Ills.  5000  w. 
Ir  Age — July  15,  1909.     No.  6340. 

Power  Plant  of  the  Apthorp  Apart- 
ment, New  York.  Plan  and  description 
of  a  plant  for  a  12-st'ory,  steel-cage  build- 
ing, which  possesses  special  features  of 
interest.  3500  w.  Eng  jRec — July  17, 
1909.     No.  6398. 

The  Power  Plant  of  the  University  of 
Alabama.  F.  H.  Sibley.  Illustrated  de- 
scription of  plant  furnishing  light,  heat 
and  power.  1500  w.  Elec  Wld — July  22, 
1909.  No.  6614. 
Rope  Driving. 

The  Design  of  Chain  and  Rope  Trans- 
mission Systems  for  Maximum  Life 
('Comment  construire  les  Transmissions 
par  Cables  ou  par  Chaines  pour  realiser  le 
Maximum  de  Duree  des  Organes  trac- 
t'eurs).  Ernst  Heckel.  Translated  from 
Stahl  und  Eiscn.  Ills.  4000  w.  All  In- 
dus— June,  1909.  No.  6542  D. 
Wind  Power. 

Wind  Turbines.  Brief  illustrated  de- 
scription of  a  recent  type.  500  w.  Engr, 
Lond — June  18,  1909.     No.  6052  A. 

STEAM  ENGINEERING. 
Boiler  Corrosion. 

The    Resistance    of   Land   and    Marine 

We  supply  copies  of  these 


Boilers  to  Corrosion  (Resistance  des  Gen- 
erateurs  de  Vapeur  industriels  et  marins 
aux  Alterations  corrosives).  H.  de  la 
Coux.  Discusses  the  causes  of  corrosion 
and  incrustation  in  steam  boilers.  Ills. 
5000  w.  Tech  Mod — June,  1909.  No. 
^538  D. 
Boiler  Explosions. 

Disastrous  Boiler  Explosion  at  Denver. 
Illustrated  detailed  account,  with  editorial. 
2500  w.     Power — July  6,  1909.     No.  6204. 
Boiler  Feeding. 

Boiler  Feeding (Kesselspeisevorrichtung- 
en).  A.  Laponche.  Discusses  the  vari- 
ous types  of  pumps  and  methods  of  driv- 
ing. Ills.  5500  w.  Die  Turbine — June  5, 
1909.  No.  6581  D. 
Boiler  Fittings. 

Boiler     Blow-Out     Valves.       Discusses 
types   and   their   defects.     2000   w,      Prac 
Engr — June  25,  1909.     No.  6269  A. 
Boiler  Management. 

Care  and  Management  of  Water-tube 
Boilers.  William  Kavanagh.  Directions 
for  shutting  down,  cleaning  and  inspect- 
ing. 3000  w.  Power — June  29,  1909.  No. 
6023. 

Heat  Transmission  into  Boilers.  Henry 
Kreisinger  and  Walter  F.  Ray.  Points 
out  possible  ways  of  more  fully  utilizing 
this  ability  in  getting  both  better  economy 
and  higher  capacities.  4500  w.  Power — 
June  29,  1909.  No.  6020, 
Boiler  Operation. 

The  Division  of  Work  in  a  Boiler. 
T.  F.  J.  Maguire.  An  analysis  of  the 
efficiency  of  the  various  parts  of  the  heat- 
ing surface.  2500  w.  Ind  Engng — July 
15,  1909.  No.  6680  C. 
Boiler  Plants. 

The  Design  of  Boiler  Plants  (Entwurf 
einer  Dampfkcsselanlage).  Adolf  Knelles. 
A  method  with  simple  mathematics.  Ills. 
Serial,  ist  part.  1400  w.  Elektrotech 
Rundschau — June  23,  1909.  No.  6709  D. 
Boiler  Rating. 

Published  Ratings  of  Heating  Boilers 
Abroad.  Review  of  the  published  ratings 
in  use  in  England,  France  and  Germany. 
1200  w.     Met  Work — July  31,  1909.     No. 

6784. 

A  British  View  of  Rating  Heating 
Boilers.  Full  abstract  of  paper  by  A.  H. 
Barker,  read  at  Manchester,  England. 
3000  w.  Met  Work — July  10,  1909.  No. 
6245. 
Boiler  Regulations. 

Italian  Boiler  Requirements.  Informa- 
tion concerning  the  laws  and  regulations 
of  Italy  governing  the  construction  and 
use  of  boilers.  1200  w.  Power — July  27, 
1909.  No.  6696. 
Boiler  Repairs. 

The  Diagonal  Patch.  R.  E.  McNamara. 
Describes  this  method  of  remedying  a  bag, 
where  the  condition  will  permit  it's  ap- 
plication,   giving    calculations    and    costs. 

articles.     See  page  1048. 
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Ills.     1800  w.     Boiler  Maker — July,   1909. 
No.  6187. 

Boilers. 

The  Development  of  the  Downflovv 
Boiler.  J.  C.  Parker.  An  illustrated  ex- 
planation of  the  construction  and  prin- 
ciples, with  related  information.  Short 
discussion.  7500  w.  Pro  Engrs'  Club  of 
Phila — Jan,  1909.     No.  6359  D. 

Boiler  Tubes. 

Corrugated  Fire  Tubes  (Betrachtungen 
an  einem  Wellblechflammrohre),  J. 
Schmidt.  A  mathematical  discussion  of 
their  strength.  Ills.  2=;oo  w.  Zeitschr  d 
Ver  Deutscher  Ing — June  5,  1909.  No. 
6723  D. 

The  Strength  of  Oval  Tubes  under  Ex- 
ternal or  Internal  Pressure  (Resistance 
des  Tuyaux  ovales  soumis  a  une  Pression 
interieure  ou  exterieure).  M.  Westphal. 
Mathematical.  Ills.  4000  w.  Rev  de 
Mecan — June,   1909.     No.  6528  E  +  F 

Condensers. 

The  Choice  of  a  Condenser.  Francis 
Hodgkinson.  Discusses  tne  different  types 
and  points  out  the  particular  applications 
of  each.  3000  w.  Elec  Jour — July,  1909. 
Serial,  ist  part.     No.  6436. 

Notes  on  Condensing  and  Water-Cool- 
ing Plants.  E.  Lunn.  Read  before  the 
Incor.  Munic.  Elec.  Assn.  Considers  types 
of  condensers  and  their  efficiency,  wet  and 
dry  air  pumps,  steam  and  electrically 
driven  pumps,  and  water-cooling  plants. 
4000  w.  Mech  Engr — June  25,  1909.  No. 
6271  A. 

Economizers. 

A  Practical  Talk  on  the  Economizer. 
Warren  H.  Miller.  An  illustrated  dis- 
cussion of  how  to  handle  economizers,  and 
matters  related.  3000  w.  Power — July  27, 
190Q.     No.  6699. 

Engine  Cylinders. 

Thick  Cylinders.  P.  M.  Gallo.  Gives 
formulae  commonly  used  to  calculate  the 
thickness  for  a  given  pressure,  and  a 
diagram  based  on  formula  developed  by 
the  writer.  3000  w,  Mach,  N  Y — July, 
1909.     No.  6068  C. 

Engine  Pistons. 

Pistons  and  Piston  Valves.  The  first  of 
a  series  of  illustrated  articles  deals  princi- 
pally with  piston  packings,  and  the  princi- 
ples under  which  packing  rings  should 
work.  4000  w.  Engr,  Lond — June  18, 
1909.     Serial,   ist  part.     No.  6047  A. 

Engines. 

Engineering  in  the  Eighteenth  Century. 
Edward  P.  Buffet.  Illustrates  engines 
used  150  years  ago.  4200  w.  Am  Mach — 
Vol.  32.    No.  26.    No.  6o9,s. 

New  York's  First  Corliss  Er.gine. 
Thomas  Wilson,  Illustrates  and  describes 
the  "Enterprise,"  in  service  since  185 1 
almost  continuously,  and  good  for  many 
years  to  come.  1000  w.  Power — June  29, 
1909.     No.  6021. 

We  supply  copies  of  these 


The  "Lovvca"  Iligh-Prcssure  Engine, 
Illustrated  description  of  an  engine  de- 
signed to  work  with  steam  a  pressures  of 
as  much  as  1000  lbs.  per  wjuare  inch,  and 
at'  temperatures  up  to  1000  deg.  Fahr. 
1000  w,  Engng — June  25,  1909.  No. 
6280  A, 

Steam  Engines  with  Poppet  Valves 
(Machines  a  Vapeur,  Etude  sur  les  Ma- 
chines a  Soupapes).  E.  Lefer,  An  ex- 
planation of  their  high  steam  consumption. 
Ills.  2000  w.  Rev  de  Mecan — June,  1909. 
No.  6525  E  +  F. 

Fuels. 

Coal:  What  It  Is  and  How  It  Was 
First  Burned.  Warren  O.  Rogers.  Gives 
early  experience  with  anthracite  coal,  and 
discusses  its  formation.  Ills,  2000  w. 
Power — July  13,  1909,     No,  6312. 

Indicators. 

See  Steam  Engines,  under  MARINE 
AND  NAVAL  ENGINEERING. 

Smoke  Prevention. 

Smoke  Prevention  or  Smoke  Consump- 
tion. Harold  V.  Goes.  Third  and  con- 
cluding paper  of  a  series.  Deals  with  the 
choice  of  apparatus  for  burning  various 
grades  of  fuel,  and  with  the  application  of 
automatic  stokers  to  marine  and  loco- 
motive service.  Ills.  2500  w.  Engineer- 
ing Magazine— Aug,  1909.    No.  6748  B. 

The  Prevention  of  Smoke.  Wilfred 
Yorke.  Remarks  on  the  essentials  of 
modern  practice  and  the  success  of  their 
applications.  1200  w.  Elec  Rev,  Lond — 
July  2,  1909.     No.  6293  A, 

Stacks. 

See  same  title,  under  CIVIL  ENGIN- 
EERING Construction. 

Steam  Consumption. 

The  Steam  Consumption  in  an  Open 
Cooking  Tank.  G,  Everett  Quick.  Illus- 
trated report  of  tests  made  to  determine 
the  average  quantity  of  steam  used  per 
pound  of  treated  fat.  2000  w.  Eng  Rec 
— June  26,  1909,     No.  6004. 

Stoking. 

Methods  of  Firing  Soft  and  Hard  Coal. 
William  Kavanagh.  Suggestions  for  firing 
and  for  cleaning  the  furnace.  1200  w. 
Elec  Wld— July  i,  1909.     No,  6109. 

Turbine  Operation. 

Running  a  Westinghouse  Steam  Tur- 
bine. Explains  important  points  of  pres- 
ent-day practice.  Ills,  2500  w.  Power- 
July  13.  190Q.     Serial,  ist  part.     No.  6315. 

Turbine  Plants. 

Remarkable  Plant  of  the  St.  Clair  Tun- 
nel. Osborn  Monnett,  Illustrates  and  de- 
scribes a  turbine  plant  able  to  carry  a  load 
varying  instantly  from  zero  to  100  per 
cent,  overload,  3500  w.  Power— June  29, 
1909.     No.  6019, 

Turbines. 

.    Steam  Turbines,  from  the  Users'  Point 
of  View.    Alfred  S.  Blackman.    Read  be- 

articles.     See  page  J04S. 
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fore  the  Incor.  Munic.  Elec.  Assn.  State- 
ments regarding  reliability  and  economy 
of  impulse  and  reaction  types ;  considering 
also  equipments,  economy  and  related  mat- 
ters. 3000  w.  Mech  Engr — June  25,  1909. 
No.  6270  A. 

The  Low-Pressure  Steam  Turbine.  R. 
M.  Neilson.  An  illustrated  explanation  of 
their  efficiency  and  use.  4500  w.  Power — 
July  6,  1909.     No.  6200. 

Low  Pressure  Steam  Turbines.  C.  H. 
Smoot  Read  before  the  N.  E.  L.  A. 
Claims  that  turbines  are  not  dependent  on 
accurate  workmanship  for  their  reliability, 
and  that  simplicity  and  reliability  go  to- 
gether. Explains  the  advantages  of  low- 
pressure  turbines.  Also  editorial.  Ills. 
9500  w.    Elec  Age — June,  1909.    No.  6132. 

Willans  Vacuum  Turbine  for  Use  with 
Exhaust  Steam.  Illustrated  article  dealing 
with  the  important  points  of  an  installation 
of  this  steam-turbine.  1800  w.  Elec  Engr, 
Lond — June  18,  1909.     No.  6027  A. 

The  Melms-Pfenninger  Steam-Turbine. 
Illustrated  detailed  description  of  an  at- 
tempt to  combine  the  advantages  of  both 
the  impulse  and  reaction  types  of  turbine, 
which  seems  to  be  successful.  Plate. 
2500  w.  Engng — July  9,  1909.  No. 
6423  A. 
Valves. 

Types  of  Check  Valve  and  Their  Oper- 
ation. W.  H.  Wakeman.  Illustrates  and 
describes  the  construction  and  operatioa 
of  various  types.  5000  w.  Power — July  6, 
1909.     No.  6201. 

TRANSPORTING  AND  CONVEYING. 
Cableways. 

Aerial  Tramway  for  Coal  Transporta- 
tion. Robert  M.  Magraw.  Illustrated  de- 
scription of  plant  at  Electric,  Mont.  3800 
w.    Mines  &  Min — July,  1909.    No.  6178  C. 

The  Wetterhorn  Cable  Road  of  the 
Grindelwald  Glacier,  Switzerland.  Frank 
Koester.  Illustrated  description  of  an  in- 
stallation of  the  Feldmann  cable  system, 
carrying  tourists  to  a  vertical  height  of 
1377  feet.  1500  w.  Elec  Rev,  N  Y — July 
10,   1909.     No.  6210. 

The  Wetterhorn  Cableway  Incline.  Il- 
lustrated description  of  this  interesting 
cableway  in  Switzerland,  and  its  operation. 
1500  w.  Eng  News — July  22,  1909.  No. 
6616. 

Passenger  Cableway  Carrier  at  Mt.  Ulia, 
Spain.  Illustrated  description  of  a  cable- 
way  connecting  two  mountain  resorts. 
600  w.  Eng  News — July  22,  1909.  No. 
6617. 

A  Passenger  Ropeway  at  Mount  Ulia, 
near  Saint  Sebastian,  Spain  (Le  Trans- 
bordeur  funiculaire  a  Voyageurs  du  Mont 
Ulia,  pres  de  Saint-Sebastien,  Espagne). 
G.  Espitallier.  Brief  illustrated  descrip- 
tion. 2000  w.  Genie  Civil — June  5,  1909. 
No.  6545  D. 
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We  supply  copies  of  these  articles.     See  page  1048. 


Coal  Handling. 

Recent  Developments  in  Conveying  Ma- 
chinery for  Coal  and  Ashes.  Wilbur  G. 
Hudson.  Second  instalment  of  a  discus- 
sion. Considers  storage  facilities,  auto- 
matic weighing  and  ashes  handling.  Ills. 
2500  w.  Engineering  Magazine — Aug, 
1909.     No.  6751  B. 

The  Virginian  Railway's  Coal  Handling 

Plant.     Illustrated  description  of  the  coal 

shipping  terminal   at   Sewell's   Point,   Va. 

1200  w.    Ir  Age — July  22,  1909.    No.  6601. 

Cranes. 

Electric   Travelling   Gantry    Crane.     Il- 
lustrations with  brief  description.     500  w. 
Engng — June  18,  1909.     No.  6041  A. 
Grain  Handling. 

The  Mitchell  Cantilever  Grain-Elevator. 
Illustrated  detailed  description  of  an  ele- 
vator designed  for  discharging  grain  from 
ships  to  barges.  1600  w.  Engng — July  9, 
1909.  No.  6424  A. 
Hoists. 

The  Electric  Hoist  and  Its  Applications. 
Clifford  F.  Hutchings.    Describes  the  con- 
struction  and   uses.     Ills.      1200   w.      Ind 
Engng — July  15,  1909.    No.  6677  C. 
Transporters. 

A  Novel  Type  of  Transporter.  Illus- 
trated description  of  a  conveyor  of  new 
design.  1000  w.  Engr,  Lond — June  18, 
1909.     No.  6051  A. 

Electric  Overhead  Rack-Rail  Trans- 
porter for  Handling  Meat'.  Illustrated  de- 
scription of  Royce  transporters  for  a  plant 
at  Buenos  Aires,  South  America.  600  w. 
Sci  Am  Sup — July  24,  1909.     No.  6623. 

See  also  Cleaning,  under  Machine 
Works  and  Foundries. 

MISCELLANY. 

Aeronautics. 

Solution  of  Flight  Problems  by  Graph- 
ical Methods.  M.  P.  Logan.  Deals  with 
the  problems  of  horizontal,  and  of  rising 
and  falling  flight,  developing  a  method  be- 
lieved to  be  of  value  to  designers  and  en- 
gineers. 2000  w.  Engr,  Lond — July  16, 
1909.     No.  6688  A. 

The  Flight  of  the  Curtiss  Aeroplane  for 
the  Scientific  American  Trophy.  Illustra- 
tion, with  account  of  the  flight.  1200  w. 
Sci  Am — July  24,  1909.     No.  6622. 

The  Smallest  Successful  American  Aero- 
plane. Illustrated  description  of  the  Cur- 
tiss machine  and  its  operation.  2000  w. 
Am  Mach — Vol.  32.    No.  27.     No.  6207. 

Bleriot  Aviates  Across  English  Chan- 
nel. Brief  account  of  the  trip  and  de- 
scription of  the  monoplane.  Ills.  1000  w. 
Automobile — July  29,   1909.     No.  6777. 

The  Dirigible  Balloon  with  Gyroscope 
Control.  Russell  Thayer.  Briefly  reviews 
the  progress  in  aerial  navigation  and  ex- 
plains the  author's  application  of  the  gyro- 
scope to  air  navigation.  Ills.  7000  w. 
Jour  Fr  Inst— July,  1909.     No.  6353  D. 
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The  Record  Flight  of  "Zeppelin  II."  Il- 
lustrated account  of  its  accident,  describ- 
ing details.  1800  w.  Sci  Am  Sup — July  3, 
1909.     No.   6092. 

The  1908  Parseval  Airship  (Das  Parse- 
valschc  Motorluftschiff  Model  1908).  E. 
Rumpler.  Illustrated  description.  3000  w. 
Zeitsch  d  Ver  Deutscher  Ing — June  5, 
T909.  No.  6721  D. 
Guns. 

Recent  Developments  in  Quick-Firing 
Field  Guns.  Illustrated  descriptions  of 
French,  German  and  English  recoil  gears, 
and  their  advantages.  4000  w.  Engr, 
Lond — June  25,  1909.    No.  628^^  A. 

The  Engineering  of  Ordnance.  A.  Tre- 
vor Dawson.  The  Gustave  Canet  lecture 
of  the  Junior  Inst,  of  Engrs.  The  present 
number  considers  the  influence  of  metal- 
lurgy on  guns,  and  the  influence  of  pow- 


ders and  explosive  compounds  on  the  bal- 
listics of  guns.  Ills.  7000  w.  Engng — 
July  2,  I9fj9.     Serial,  1st  pa.t.  No.  6308  A. 

Gyrostats. 

Some  Practical  Aspects  of  Gyrostatic 
Action.  W.  S.  Franklin.  A  discussion  or 
explanation  of  gyrostatic  action,  giving 
formula  for  the  calculation  of  torque- 
reaction  due  to  precession.  Ills.  4500  w. 
Pop  Sci  M~July,  1909.     No.  6343  C. 

Laundry  Machinery. 

Steel-Bed  Ironing-Machine.  Illustrated 
description  of  these  machines,  iioo  w. 
Engng — June  18,   190^.     No.  6046  A. 

Safety  Devices. 

Recent  Safety  Appliances  on  Carding 
Engines  in  Cotton-Mills.  Illustrated  de- 
scriptions of  devices  for  the  protection  of 
carding-engines.  2500  w.  Engng — June 
25,   1909.     No.  6279  A. 
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COAL   AND   COKE. 
Alberta. 

The  Coalfields  of  Alberta  and  Saskatch- 
ewan.    Phillips  Thompson.     Gives  an  es- 
timate of  the  coal  available.    1200  w.    Eng 
&  Min  Jour — July  3,  1909.    No.  6167. 
Blasting. 

Shot  Firers.  P.  Hanraty.  Read  before 
the  Mine  Inspectors'  Inst.  Conclusions 
from  long  experience  in  dangerous  mines. 
2200  w.  Mines  &  Min — July,  1909.  No. 
6183  C. 
Coke  Ovens. 

Genesis  and  Development  of  the  Coking 
Oven.  W.  Galloway.  Reviews  the  de- 
velopment, showing  that  the  main  features 
have  not  changed  since  i860.  Ills.  3000 
w.  Eng  &  Min  Jour — July  3,  1909.  No. 
6165. 

By-Product  Coke  Ovens.  Abstract  of 
information  in  regard  to  coke  ovens,  from 
a  report  of  R.  Forbes  Carpenter.  2500  w. 
Col   Guard — July  2,   1909.     No.  6301  A. 

The  Koppers  By-Product  Coke  Oven. 
Illustrated  detailed  description  of  two 
plants  recently  erected  in  England,  ex- 
plaining the  special  features  of  this  sys- 
tem. 2000  w.  Col  Guard — July  2,  1909. 
No.  6300  A. 

Huessener  Waste  Heat  Coke  Oven.  Il- 
lustrated description  of  a  typical  installa- 
tion of  these  coke  ovens  and  by-product 
plants,  stating  their  advantages.  2500  w. 
Col  Guard — July  16,  1909.     No.  6681  A. 

The  Pyrometry  of  the  Beehive  Coke 
Oven,  J.  R.  Campbell.  Read  before  the 
Coal  Min.  Inst,  of  Am.  Describes  de- 
vices used  and  methods  employed  in  tak- 
ing temperatures.  3000  w.  Eng  &  Min 
Jour— July  17,  1909.     No.  6393. 

We  supply   copies  of  these 


Coking  By-Products. 

Koppers  Ammonia  Sulphate  Plant.  De- 
scribes the  main  features  of  this  new 
process,  recently  installed  at  the  new  coke 
plant  at  Gary,  Ind.  Ills.  4500  w.  Pro 
Age — July  I,  1909.     No.  6057. 

Experiments  with  Gas  Coals.  J.  Fer- 
guson Bell.  Abstract  of  a  paper  entitled 
"Carbonizing,"  read  before  the  Inst,  of 
Gas  Engrs.  A  report  of  experiments  to 
ascertain  the  effect  of  varying  the  weight 
and  period  of  carbonization  upon  by- 
products. 2500  w.  Ir  &  Coal  Trds  Rev — 
June  18.  1909.  No.  6054  A. 
Electric  Power. 

The  Electrical  and  Coal  Mining  Indus- 
tries. F.  C.  Albrecht.  Abstract  of  a  paper 
before  the  W.  Va.  Coal  Min.  Inst.  Sug- 
gestions for  the  use  of  electricity  in  mines. 
2000  w.  Eng  tS:  Min  Jour — July  24,  1909. 
No.  6642. 

Safe  Use  of  Electricity  in  Coal  Mining. 
George  R.  Wood.  Read  before  the  Coal 
Min.  Inst,  of  America.  Suggestions  as 
to  proper  voltage,  insulation,  etc.  3500  w. 
Eng  &  Min  Jour— July  3,  1909.  No.  6168. 
Explosions. 

Some  Simple  Causes  of  Mine  Explo- 
sions. L.  D.  Tracy.  Explains  explosions 
due  to  the  ignorance  or  carelessness  of 
the  human  clement,  and  to  preventable 
causes.  2500  w.  Eng  News — July  i,  1909. 
No.  6082. 

The  Experimenting  Station  at  Lievin. 
France.  Tony  Callot.  Illustrated  descrip- 
tion of  station  for  experimental  research 
on  the  coal  dust  problem.  2500  w.  Eng 
c^'  Min  Jour— July  3.  1909.  No.  6163. 
Explosives. 

The  Testing  of  Safety  Explosives  in  the 
Experimental     Gallery     at     Neunkirch'Mi 

articles.     See  page  J048. 
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(Die  Priifung  der  Sicherheit'sprengstoffe 
•  auf  der  Koniglichen  Versuchstrecke  zu 
Neunkirchen  bei  Saarbriicken).  Herr 
Hatzfeld.  Describes  the  equipment  and 
methods  of  testing  and  gives  results.  4500 
w.  Gliickauf — June  5,  1909.  No.  6572  D. 
Mine  Ventilation. 

The  Regulation  of  Gas  in  Mine-Air  Cur- 
rents. John  G.  Smyth.  Read  before  the 
W.  Va.  Coal  Min.  Inst.  Reports  investi- 
gations, the  results  of  which  may  aid  in 
eliminating  coal-mine  explosions.  2000  w. 
Eng  &  Min  Jour — July  3,  1909.  No.  6166. 
Mining. 

A  Visit  to  an  Anthracite  Coal  Mine. 
Warren  O.  Rogers.  Illustrated  descrip- 
tion of  methods  of  mining  and  timbering. 
1500  w.     Power — July  20,  1909.     No.  6433. 

Value  of  Efficient  Engineering  in  Coal 
Mining.  L.  B.  Abbott.  Read  before  the 
W.  Va.  Coal  Min.  Inst.  On  the  impor- 
tance of  system  in  laying  out  and  equip- 
ping mines.  4000  w.  Mines  &  Min — July, 
1909.     No.  6185  C. 

Recovering  Abandoned  Coal  Pillars. 
W.  L.  Hamilton.  Early  operators  left  60 
per  cent  of  coal  unmined,  and  the  methods 
being  made  to  extract  this  coal  are  de- 
scribed. 1500  w.  Eng  &  Min  Jour — July 
3,  1909.     No.  6169. 

Coal  Mining  Methods  at  Gary,  West 
Virginia.  John  S.  Walker.  Illustrated 
description  of  methods  used  in  mines  of 
the  U.  S.  Steel  Corporation,  which  claim 
to  be  the  safest  in  the  world.  1500  w. 
Eng  &  Min  Jour — July  3,  1909,  No.  6164. 
Peat. 

Investigations  of  the  Peat  Bogs  and 
Peat  Fuel  Industry  of  Canada,  1908.  Erik 
Nystrom  and  S.  A.  Anrep.  Describes  the 
method  of  investigation,  the  peat  bogs, 
and  the  present  status  of  the  industry. 
Ills.  6500  w.  Can  Dept  of  Mines — Bui 
No.  I.  No.  30.  No  6445  N. 
Rescue  Appliances. 

The  History  of  Breathing  Apparatus  in 
Mining  (Die  Vorgeschichte  der  Atmungs- 
apparate  im  Bergbau).  Fritz  Jiingst.  An 
illustrated  review.  Serial,  ist  part.  6700 
w.  Gliickauf — June  12,  1909.  No.  6574  D. 
Virginia. 

Vast  Coal  Operations  in  the  Clinchfield 
Region.  William  H.  Stone.  Information 
concerning  the  development  of  this  large 
coal  area.  Map  and  illustrations.  4000  w. 
Mfrs'  Rec— July  8,  1909.     No.  6218. 

Coal  Mining  in  Southwestern  Virginia. 
D.  A.  Patterson.  Illustrated  description, 
of  a  mine  equipped  with  modern  devices 
for  economic  production.  1500  w.  Can 
Min  Jour — July  i,  1909.  No.  61 16. 
West  Virginia. 

Presidential  Address.  J.  B.  Hanford. 
Address  before  the  W.  Va.  Coal  Min.  Inst, 
on  conditions  affecting  the  mining  busi- 
ness. 3000  w.  Mines  &  Min — July,  1909. 
No.  6184  C 


Coal  Mining  in  Central  West  Virginia. 
Floyd  W.  Parsons.  Map  and  illustrated 
study  of  conditions  and  details  of  oper- 
ation at  the  Coalton  mine.  3000  w.  Eng 
&  Min  Jour — June  26,  1909.     No.  6010. 

COPPER. 

Alaska. 

Mineral  Resources  of  Kotsina-Chitina 
Region.  Fred  H.  Moffit  and  A.  G.  Mad- 
dren.  Abstract  from  Bui.  374,  U.  S.  Geol. 
Surv.  Describes  the  geography  and  gives 
the  history  of  this  copper  region.  2500  w. 
Min  Wld — July  17,  1909.     No.  6410. 

Mining  on  Prince  of  Wales  Island, 
Alaska.  W.  A.  Scott.  An  illustrated  ac- 
count of  copper  mines  yielding  some  gold. 
1600  w.  Min  &  Sci  Pr — June  26,  1909, 
No.  6058. 
Arizona. 

Ray   Consolidated   Mines.     R.   L.    Her- 
rick.      Illustrates    and    describes    a    low- 
grade  copper  property  at  Ray,  Ariz.     5000 
w.    Mines  &  Min — July,  1909.    No.  6182  C. 
Assaying. 

Determination  of  Copper  in  Ores,  Mat- 
tes, Etc.  Richard  K.  Meade.  Describes 
the  three  methods  in  common  use — the 
electrolytic,  the  iodine,  and  the  cyanide. 
Ills.  3000  w.  Min  Wld — June  26,  1909. 
No.  6005. 
Australia. 

The  Cloncurry  Copper  District,  Queens- 
land. Gerard  W".  Williams.  An  illustrated 
account  of  a  highly-mineralized  but  inac- 
cessible region,  where  fuel  and  timber  are 
scarce.  5000  w.  Eng  &  Min  Jour — July 
24,  1909.     No.  6640. 

Wallaroo  and  Moonta  Copper  Mines  and 
Smeltery.  Gerard  W.  Williams.  An  il- 
lustrated description  of  South  Australian 
mines  which  have  been  profitably  worked 
for  fifty  years.  4500  w.  Eng  &  Min  Jour 
— July  10,  1909.  No.  6246. 
Jamaica. 

The  Copper  Mines  of  Jamaica,  British 
West  Indies.  Alexander  E.  Outerbridge, 
Jr.  Illustrated  account  based  mainly  on 
personal  observation.  1800  w.  Engineer- 
ing Magazine — Aug,  1909.  No.  6752  B. 
Matte  Cars. 

The  Kilker  Matte  Tapping  Car.  F.  T, 
Harvard.  Illustrated  description  of  a 
machine  which  makes  possible  a  saving 
in  the  working  costs  of  a  smelting  plant. 
900  w.  Eng  &  Min  Jour — June  26,  1909. 
No.  601 1. 
Mexico. 

The  Cananea  District.  Describes  this 
important  copper  camp.  3000  w.  Ills. 
Min  Wld — July  3,  1909.     No.  6162. 

Puebla.  Describes  especially  the  Teziut- 
lan  Copper  Co.'s  mines  and  smelter.  Ills. 
2500   w.      Min   Wld — July   3,    1909.      No. 

6157. 

See    also    same    title,    under    Gold   and 

Silver. 


IV e  supl^ly   copies  of  these  articles.      Sec  page   104S. 
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Nevada. 

See  same  title,  under  Ciolu  and  Sii.vkr 

Rolling  Mills. 

An  Electrically-Operated  Reversing  Cop- 
per Rolling-  Mill.  Dr.  Alfred  Gradenwitz. 
Illustrates  and  describes  features  of  elec- 
tric operation  in  connection  with  a  rolling 
mill  recently  installed  at  Waldegg,  Aus- 
tria. 1200  w.  Elec  Rev,  Lond — June  18, 
1909.     No.  6028  A. 

Smelting. 

High  Silica  Slags  at  the  Magistral 
Smelter.  C.  A.  Heberlein.  Describes  this 
smelter  at  Zacatecas,  Mex.,  and  its  opera- 
tion. 1500  w.  Eng  &  Min  Jour — July  17, 
1909.     Serial,  ist  part.     No.  6390. 

Smelters. 

The  Tintic  Smelter.  Leroy  A.  Palmer. 
Describes  the  plan  of  construction,  opera- 
tion, machinery,  and  electrical  equipment 
in  use.  Ills.  2800  w.  ]\Iines  &  Min — 
July,  1909.     No.  6179  C. 

GOLD  AND  SILVER. 

California. 

Geology  of  the  Yellow  Aster  Mine, 
California.  William  H.  Storms.  Illus- 
trated description  of  the  geology  and  of 
the  ore  deposits  in  granite  at  Randsburg, 
that  have  produced  about  6  million  in 
gold.  3500  w.  Eng  &  Min  Jour— June  26, 
1909.     No.  6008. 

Cobalt. 

Operations  in  the  Cobalt  District',  On- 
tario. Edwin  Higgins.  Illustrated  article 
describing  the  geology,  ore  deposits,  meth- 
ods of  mining  and  treatment.  3000  w. 
Eng  &  Min  Jour — June  26,  1909.  No. 
6006. 

See  also  Sampling,  under  Ore  Dressing 
AND  Concentration. 

Colorado. 

Researches  Upon  the  Telluride  Gold 
Ores  of  Cripple  Creek,  Colo.  Reports 
experiments  carried  out  by  the  Portland 
Gold  Mining  Co.  2500  w.  Jour  Chem, 
Met  &  Min  Soc  of  S  Africa— May,  1909. 
No.  6673  E. 

Ore-Deposition  at  Aspen,  Colorado.  J. 
Edward  Spurr.  A  summary  of  the  con- 
ditions of  ore-deposition  as  interpreted  by 
the  writer.  7000  w.  Ec-Geol — June,  1909. 
No.  6742  D. 

Cyaniding. 

Review  of  Modern  Cyanide  Practice  in 
United  States  and  Mexico.  S.  F.  Shaw. 
Reviews  the  principal  details  in  several 
modern  plant's.  8000  w.  Bui  Am  Inst  of 
Min  Engrs — July,  1909.  No.  6474  F. 
See  also  Mexico,  under  Gold  and  Silver. 

France. 

Gold  Mining  in  France  (Note  3ur  les 
Mines  d'Or  en  France).  M.  Strap.  Read 
before  the  Congress  of  Applied  Chemistry. 
A  brief  review  of  past  and  present  ac- 
tivity. 1200  w.  Rev  de  Metal — June, 
1909.     No.  6520  E  -1-  F. 

We  supfily  copies  of  these 


India. 

Sec  same  title,  under  Le.\d  and  Zinc. 
Mexico. 

Alexico.  An  account  of  the  mining  in- 
terests of  the  State  of  Mexico,  surround- 
mg  Mexico  City,  especially  the  El  Oro 
district.  Ills.  3000  w.  Min  Wld— Tulv  ^ 
1909.     No.  6154.  -^    ^  ^' 

Geological  Formation  of  Mexico's  Silver 
Mmcs.     Albert  F.  J.  Bordeaux.     Describes 
the   pnncipal    classes    of   deposits.      Map 
1600   w.      Min    Wld— July   3,    1909.      No 
6136. 

Gold     Mines     in     Chihuahua.      W.     D. 
Pearce.     Reviews  the  history  of  gold  min- 
ing and  metallurgical  methods,  describing 
mines.     Ills.     5000  w.     Min  Wld— July  3 
1909.     No.  6146. 

Chihuahua.  George  E.  Griggs.  De- 
scribes this  state  and  its  mineral  deposits, 
reviewing  the  mining  and  metallurgy  in- 
dustries. Ills.  6500  w.  Min  Wld— Julv  3, 
1909.  .  No.  6144.  ' 

Sonora.  Describes  the  mines  of  this 
region,  which  yield  gold,  silver,  copper, 
zinc  and  lead.  Ills.  3500  w.  Min  Wld— 
July  3,  1909.     No.  6161. 

Hidalgo.  The  state  has  vast  mineral 
wealth,  w^hich  has  been  mined  since  15 19. 
Illustrates  and  describes  some  of  the 
mines.  3500  w.  Min  Wld— Julv  3,  1909. 
No.  6159. 

Jalisco.  Austin  C.  Brady.  Map  and 
description  of  the  mining  industry  and 
matters  related.  Copper,  gold,  silver,  etc., 
are  found.  Ills.  2000  w.  Min  Wld — July 
3,  1909.     No.  6156. 

Guerrero.  Sr.  Ing.  G.  Ramonct.  De- 
scribes the  region  which  contains  payable 
quantities  of  silver,  gold  and  copper  ores. 
Ills.  2500  w.  Min  Wld — July  3,  19a). 
No.  6160. 

Zacatecas.  Describes  the  mines  which 
yield  gold,  silver,  copper,  and  other 
values ;  the  geology,  ore  deposits,  etc.  Ills. 
6000  w.  Min  Wld — July  3,  1909.  No. 
6155. 

Oaxaca.  Paul  Wooton.  A  report  of 
present  conditions  of  the  mining  industry, 
work  in  progress,  railroad  facilities,  etc. 
Also  The  Geology  of  Oxaca,  by  A.  E. 
Place.  Ills.  7000  w.  Min  Wld — July  3, 
1909.     No.  6150. 

The  Santa  Eulalia  District.  William 
Adams.  Description,  with  review  of  the 
mineral  deposits,  mines,  etc.  Ills.  1500  w. 
Min  Wld — July  3,  1909.     No.  6145. 

Durango.  Reviews  the  history  of  this 
state,  describing  the  mineral  deposits, 
mines,  etc.  Ills.  2200  w.  Min  Wld — July 
3,  1909.     No.  6147. 

The  Velardena  District.  J.  E.  Spurr 
and  G.  H.  Garrey.  Describes  this  district, 
its  mines  and  silver-lead-sulphide  ores. 
1200  w.  Llin  Wld— Julv  3,  1909.  No. 
6148. 
articles.     Sec  page   10^8. 
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Guanajuato,  Illustrated  description, 
with  report  of  the  mining  and  milling  in- 
dustries, and  the  production  of  gold  and 
silver.  3000  w.  Min  Wld — July  3,  1909. 
No.  6151. 

The  La  Luz  District.  D.  F.  Meiklejohn. 
A  report  of  these  rich  silver  mines.  Gold 
is  also  recovered.  1200  w.  Min  Wld — 
July  3,  1909.     No.  6152. 

The  Pozos  District.  W.  F.  Buchanan. 
A  report  of  this  camp  and  the  silver  and 
gold  producing  mines.  1500  w.  Min  Wld 
—July  3,  1909.     No.  6153. 

The  Copala  Region.  J.  Nelson  Nevins, 
Illustrates  and  describes  the  Butters  cyan- 
ide plant,  v^hich  treats  ores  carrving  about 
$1  in  gold  per  each  10  oz.  of  silver.  2500 
w.  Min  Wld— July  3,  1909.  No.  6158. 
Nevada. 

The  Lida  Mining  District  of  Nevada. 
W.  A;  Root.  Map  and  illustrated  descrip- 
tion of  mines  yielding  gold,  silver,  lead, 
and  copper  ores.  1500  w.  Min  Wld — July 
10,  1909.     No.  6261, 

Discovery  of  the  Great  Comstock  Mine. 
Dan  De  Quille.  Abstract  account  from 
"The  Great  Bonanza."  2000  w.  Min  & 
Sci  Pr — July  3,  1909.     No.  6197. 

Comstock  Beginnings.  Joseph  T.  Good- 
man. An  illustrated  account  of  this  great 
mine  in  which  silver  was  discovered  fifty 
years  ago.  2500  w.  Min  &  Sci  Pr — July 
3,  1909.  No.  6196. 
New  Mexico. 

Revival  of  Mining  in  the  Mogollons, 
New  Mexico.  E.  Gybbon  Spilsbury.  Il- 
lustrated description  of  a  remote  mining 
region  where  the  low-grade  gold  and 
silver  ore  becomes  richer  with  depth. 
3000  w.  Eng  &  Min  Jour — July  10,  1909. 
No.  6247. 
Ontario. 

The  Gowganda  and  Miller  Lakes  Silver 
Area,  A.  G.  Burrows.  Abstracts  from 
i8th  An.  Rept.  of  Ontario  Bureau  of 
Mines.  Gives  plan  of  surveyed  claims, 
with  information.  2500  w,  Min  Wld — 
July  17,  1909.     No.  641 1. 

South  Lorrain  Silver  Area.  A.  G.  Bur- 
rows. Abstract  of  a  report  describing  thiu^ 
field  in  Ontario  and  the  discoveries  made. 
Map,  3000  w.  Can  Min  Jour — July  15, 
1909.  No.  6407. 
Patio  Process. 

History  and  Development  of  the  Patio 
Process.  C.  Perez  Duarte.  An  illustrated 
review,  with  a  study  of  the  reactions. 
4000  w.  Min  Wld — July  3,  1909.  No. 
6137, 
Placers. 

Some  Ore  Deposits  Connected  with 
Placers.  Matt.  W.  Alderson.  Describes 
peculiarities  of  ore  deposits  that  jfre  often 
misleading.  2500  w.  Min  Wld — July  24, 
1909.    No.  6658. 

Notes  on  Manhattan  Placers,  Nye 
County,     Nev.      Charles     Coleock    Jones. 


Notes  on  the  formation,  ore  deposits  and 
related  subjects.  Ills.  2000  w.  Eng  & 
Min  Jour — July  17,   1909.     No.  6388. 

Placer  Examinations.  Arthur  Lakes, 
Jr.  Explains  method  of  prospecting  with 
churn  drills,  collecting  and  panning 
samples,  estimating  and  recording  re- 
sults, 3000  w.  Mines  &  Min — July, 
1909.  No.  6181  C, 
Rhodesia. 

Gatooma,  a  Rich  Rhodesian  Field. 
Owen  Letcher.  Describes  a  promising 
small  mine  area.  800  w.  Min  Wld — July 
17,  1909.     Serial,  ist  part.     No.  6409. 

IRON   AND    STEEL. 
Analysis. 

Determining  Carbon  in  Steel.  Warren 
I.  Keeler.  Illustrated  description  of  a  suc- 
cessful direct  combustion  apparatus,  un- 
surpassed for  speed  and  accuracy.  2500  w. 
Ir  Age — July  22,  1909.     No.  6604, 

The  Application  of  the  Rothe  Process 
to  the  Analysis  of  Iron  Minerals  and  Iron 
Products  (Application  du  Precede  Rothe 
a  I'Analyse  des  Minerals  de  Fer  et  des 
Produits  siderurgiques).  L.  Campredon. 
Read  before  the  Congress  of  Applied 
Chemistry.  1200  w.  Rev  de  Metal — June, 
1909.     No.  6521  E  +  F. 

Check  Analyses  of  Iron  Ore  (Schiedsan- 
alysen).  Discusses  several  examples  of 
lack  of  correspondence  in  ore  analyses 
made  in  different  laboratories.  2500  w. 
Stahl  u  Eisen — June  9,  1909.    No.  6563  D. 

Blast  Furnaces. 

Designing  Blast'  Furnaces.  M.  Pavloff. 
Gives  data  from  experience  and  personal 
knowledge  and  shows  the  application  of 
these  data  to  the  designing  of  blast  fur- 
naces working  under  different  conditions. 
7500  w.  Ir  &  Coal  Trds  Rev — July  9, 
1909.     No.  6431  A. 

Dry- Air  Blast. 

The  Gayley  Dry  Air  Blast.  Report  of 
the  Franklin  Institute  through  its  Com- 
mittee on  Science  and  the  Arts,  2000  w. 
Jour  Fr  Inst — July,   1909.     No.  6356  D, 

Electro-Metallurgy. 

The  Efficiency  of  Induction  Furnaces. 
Joh.  Harden.  Gives  particulars  of  results 
obtained  in  a  6o-kw  experimental  induc- 
tion furnace,  with  a  few  explanations  and 
comparisons.  2500  w.  Elec-Chem  &  Met 
Ind — July,   1909.     No.  6195  C. 

Methods  of  Refining  Steel  in  the  Elec- 
tric Furnace.  John  B.  C.  Kershaw.  Deals 
with  arc  and  induction  electric  processes 
for  making  high-grade  steels.  Ills.  2500 
w.  Cassier's  Mag — July,  1909.  No.  6345  B, 
Electric  Furnaces  as  Applied  to  the 
Manufacture  of  Iron  and  Steel.  Ch.  A. 
Keller,  Abstract  of  paper  before  the 
Faraday  Soc,  Illustrated  descriptions  of 
the  construction  and  performances  of 
various  types.  3500  w,  Elect'n,  Lend — 
July  2,  1909,     No.  6294  A. 


We  supply  copies  of  these  articles.     See  page  1048. 
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A  Contribution  to  the  Study  of  Electric 
Furnaces  as  Applied  to  the  Manufacture 
of  Iron  and  Steel.  Ch.  A.  Keller.  Ab- 
stract of  a  paper  before  the  Faraday  Soc. 
A  report  of  researches  and  personal  work. 
Ills.  5800  w.  Ir  &  Coal  Trds  Rev — June 
18,  1909.     No.  6053  A. 

Automatically  Circulating  Furnaces  of 
the  Gin  Type  for  the  Electrical  Production 
of  Steel.  Gustave  Gin.  Abstract  of  a 
paper  read  before  the  Faraday  Soc.  Illus- 
trated description.  1500  w.  Ir  &  Coal 
Trds  Rev — June  18,  1909.     No.  6056  A. 

Steel  Making  in  the  Electric  Furnace 
(Etat  actuel  de  la  Fabrication  de  I'Acier 
au  Four  electrique).  Ch.  Clausel  de  Cous- 
sergues.  Read  before  the  Congress  of  Ap- 
plied Chemistry.  An  exhaustive  discus- 
sion of  the  present  state  of  the  art,  with 
descriptions  of  the  principal  electric  steel 
works.  Ills.  40000  w.  Rev  de  Metal — 
June,  1909.     No.  6507  E  +  F. 

Electric-Furnace  Electrodes  (L'Ame  du 
Four  electrique,  TEvolution  de  I'Elec- 
trode).  Isidore  Bay.  A  sketch  of  the 
development  of  the  electric  furnace,  and 
particularly  of  the  electrodes.  Serial,  ist 
part.    2000  w.    L'Elecn — June  5,  1909.    No. 

6534  D. 
Ferro-Alloys. 

Ferro-alloys  (Les  Alliages  ferrometal- 
liques).  M.  Chaplet.  Read  before  the 
Congress  of  Applied  Chemistry.  A  sum- 
mary of  their  properties  and  methods  of 
preparation.  4000  w.  Rev  de  Metal — 
June,  1909.  No.  6513  E  +  F. 
Ingots. 

Notes  on  Tests  of  Ingots  and  Derivative 
Shapes  in  Progress  at  Watertown  Ar- 
senal. James  E.  Howard.  Read  before 
the  Am.  Soc.  for  Test.  Mat.  Tests  to 
obtain  information  on  the  causes  which 
produce  unsoundness.  Ills.  1000  w.  Ir 
Trd  Rev — July  8,  1909.  No.  6206. 
Rolling  Mills. 

Power  Requirements  for  Rolling  High- 
Carbon  Steel  of  Small  Section.  Brent 
Wiley.  A  report  of  tests.  500  w.  Pro 
Am  Inst  of  Elec  Engrs — July,  1909.  No. 
6486  F. 

Recent  Development's  at  the  Works  of 
the  Father  Iron  and  Steel  Company,  Lim- 
ited. Illustrates  and  describes  the  new 
electrically-driven  rolling  mill  recently 
erected  at  Wishaw,  N.  B.  2500  w.  Ir  & 
Coal  Trds  Rev — June  25,  1909.     No.  6288  A. 

Electrically  Driven  Reversing  Ingot 
Roll  Train  of  the  Rhine  Steelworks,  Duis- 
burg-Meiderich  (Die  elektrisch  betriebenc 
Umkehrblochst'rasse  der  Rheinischen 
Stahlwerke).  Georg  Meyer.  Illustrated 
detailed  description.  7700  w.  Stahl  u 
Eisen — June  9,  1909.  No.  6564  D. 
Sheets 

See  Cleaning  under  MECHANICAL 
ENGINEERING,  Machine  Works  and 
Foundries. 


Steel  Works. 

i  he  i;>iedenshiitte  Works.  Illustrated 
description  of  large  works  in  Germany. 
Translated  from  Stahl  und  Eisen.  4000 
w.  Ir  &  Coal  Trds  Rev — July  16,  1909. 
No.  6694  A. 

The  Plants  of  the  Upper  Silesia  Rail- 
way Equipment  Company,  Friedenshiitte 
(Die  Anlagcn  der  Oberschlesischen  Eisen- 
bahn-Bedarfs-A.-G.  zu  Friedenshiitte).  Il- 
lustrated detailed  description  of  a  very  ex- 
tensive plant.  6500  w.  Stahl  u  Eisen — 
June  23,  1909.     No.  6567  D. 

Texas. 

Iron  Ores  of  Llamo  County,  Texas. 
William  B.  Phillips.  Information  con- 
cerning the  iron  ore  deposits.  2000  w. 
Mfrs'   Rec — July   15,   1909.     Xo.  6317. 

LEAD    AND    ZINC. 
India. 

The  Silver-Lead  Mines  of  Bawdwin. 
Northern  Shan  States.  T.  D.  La  Touche 
and  J.  Coggin  Brown.  Abstracted  from 
the  records  of  the  Gcol.  Surv.  of  India. 
Describes  the  location,  mode  of  occur- 
rence, and  metallurgy.  3000  w.  Min  Jour 
— July  10,  1909.  No.  6608  A; 
Lead  Smelting. 

Lead  Smelting  and  Refining  Practice  at 
Trail,  B.  C.  Describes  the  treatment  of 
these  sulphide  ores.  1500  w.  Can  Min 
Jour — July  15,  1909.  Serial,  ist  part.  No. 
6408. 
Mexico. 

Development  of  Zinc  Mining  Industry  in 
Mexico.  The  northern  district  is  reviewed 
by  Philip  C.  Hanna ;  the  central  district 
by  Thomas  W.  Voetter ;  the  northwest  dis- 
trict by  Lewis  A.  Martin.  4000  w.  Min 
Wld— July  3,  1909.     No.  6141. 

The  Mapimi  District.  J.  D.  Villarello. 
Describes  the  ore  deposits.  The  most 
abundant  primary  minerals  are  mispickel, 
galena,  blende  and  iron  pyrite  with  cal- 
cite  as  the  gangue.  The  precious  metals 
are  irregularly  distributed.  Ills.  1200  w. 
Min  Wld— July  3,  1909.     No.  6149. 

See   also   same   title,   under    Gold   and 
Silver. 
Nevada. 

See  same  title,  under  Gold  and  Silver. 
Zinc  Smelting. 

A  Revolving  Retort  for  Volatilizing 
Zinc  Ores.  H.  H.  Hughes.  Explains  the 
aim  of  the  revolving  retort  and  gives  il- 
lustrations and  description.  2000  w.  Min 
Wld— July  10,  1909.     No.  6262. 

MINOR   MINERALS. 
Barium. 

Barium     (Ba)     Ores.      E.    B.    Wilson. 
Where  found,  uses,  and  methods  of  prepa- 
ration of  barite.    2200  w.    Mines  &  Min — 
July,  1900.     Xo.  6180  C. 
Clay. 

Clay  Mining  and  Its  Relation  to  Coal 
Mining.  Richard  R.  Hicc.  Read  before  the 


We  supply  copies  of  these  articles.     See  page  10.18. 
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Coal  Min.  Inst,  of  Am,    Discusses  methods 
and    reasons    why   the    industry   has   gen- 
erally proved  unprofitable.    3000  w.    Eng. 
&  Min  Jour — July  17,  1909.     No.  6389. 
Diamonds. 

Does  an  Australian  Kimberley  Exist? 
John  Plummer.  Reviews  what  is  known 
of  the  diamond-bearing  regions  of  Aus- 
tralia. 1000  w.  Min  &  Sci  Pr — July  17, 
1909.  No.  6627. 
Mercury. 

Shortening  the  Roasting  Period  for 
Mercury  Ores.  William  B.  Dennis.  De- 
scribes improvements  in  roasting  low- 
grade  mercury  sulphide  ore  at  Blackbutte, 
Ore.  Ills.  4000  w.  Eng  &  Min  Jour — 
July  17,  1909.  No.  6392. 
Monazite. 

Monazite  Occurrence  and  Mining  in  the 
Carolinas.  Joseph  Hyde  Pratt  and  Doug- 
las B.  Sterrett.  Abstract  from  Bui.  U.  S. 
Geol.  Surv.  Illustrated  description.  5000 
w.  Min  Wld — July  24,  1909.  No.  6656. 
Natural  Gas. 

Field  Operations  in  Natural  Gas.  Will- 
iam McNair  Welsh.  Read  before  the  Nat. 
Gas  Assn.  Discusses  the  supply,  flow 
through  pipes,  wells,  etc.  3500  w.  Am 
Gas  Lgt  Jour — July  5,  1909.  No.  6101. 
Oil. 

The  Steel  Oil  Derrick.  R.  B.  Wood- 
worth.  Reviews  briefly  the  history  of  the 
petroleum  industry,  the  production,  the 
geological  conditions  affecting  the  deptn 
of  wells,  types  of  well-drilling  mechanism, 
the  loads  on  the  derrick  and  machinery, 
stresses,  and  the  complete  drilling  ma- 
chine of  1909  design.  Ills.  Discussion. 
17500  w.  Pro  Engrs'  Soc  of  W  Penn — 
June,  1909.     No.  6375  D. 

Economic  Possibilities  of  American  Oil 
Shales.  Charles  Baskerville.  Information 
concerning  this  industry  both  abroad  and 
in  America.  The  by-products  often  pay 
entire  expense.  Ills.  4500  w.  Eng  &  Min 
Jour — July  24,  1909.  Serial,  ist  part'.  No. 
6639. 

Principal  Petroleum-Bearing  Regions  of 
Mexico.  Juan  D.  Villarello.  A  summary 
of  a  recent  study  of  these  regions.  6000 
w.     Min  Wld— July  3,  1909.     No.  6143. 

Problems  of  the  Russian  Oil  Industry. 
Frank   Richards.     Explains  conditions   at 
Baku,  Russia.     1700  w.     Eng  &  Min  Jour 
— July  10,  1909.     No.  6249. 
Phosphate. 

Phosphate  Deposits  of  United  States. 
Frank  B.  Van  Horn.  Gives  location  and 
description  of  the  principal  deposits 
known.  Maps.  1800  w.  Min  &  Sci  Pr — 
July  I '7,  1909.  No.  6626. 
Precious  Stones. 

Gems  and  Precious  Stones  of  Mexico. 
George  F.  Kunz.  Information  concerning 
their  occurrence,  and  what  is  known  of 
the  dififerent  gems  reported.  4500  w.  Min 
Wld — July  3,  1909.     No.  6139. 


Quicklime. 

The  Influence  of  Moist  Air  on  Quick- 
lime. Jas.  Gray.  Brief  account  of  ex- 
periments and  conclusions.  700  w.  Jour 
Chem,  Met  &  Min  Soc  of  S  Africa— May, 
1909.     No.  6672  E. 

Salt. 

Refining  Salt  from  the  Great  Salt  Lakes, 
Utah.  Leroy  A.  Palmer.  Illustrated  de- 
scription of  a  system  of  pneumatic  concen- 
tration. 1500  w.  Min  Wld — July  24,  1909. 
No.  6657. 

Tin. 

The  Origin  of  the  Bolivian  Tin  De- 
posits. William  R.  Rumbold.  Aims  to 
show  that  the  popular  idea  of  the  origin 
of  these  deposits  is  erroneous,  and  that 
the  majority  of  the  deposits  may  be  at- 
tributed to  the  same  causes  which  have 
produced  the  other  tin  deposits  of  the 
world.  Ills.  8000  w.  Ec-Geol — June, 
1909.     No.  6743  D. 

The  Tin  Mines  of  Llallagua,  Near 
Oruro,  Bolivia.  Augusto  Endter.  Ab- 
stract translation  describing  the  geology, 
vein  structure  and  mining.  1500  w.  Min 
Jour — July  10,  1909.  No.  6609  A. 
MINING. 

Caving  System. 

Change  of  Method  in  Mining  Soft  Ore. 
Stuart  Rhett  Elliott.  Describes  the  con- 
ditions and  the  caving  system  of  mining 
adopted.  Ills.  1500  w.  Min  &  Sci  Pr — 
July  17,  1909.     No.  6628. 

Drainage. 

Comstock  Drainage  Problems.  Leon  M. 
Hall.  A  review  of  past  and  present  equip- 
ment. Ills.  2200  w.  Min  &  Sci  Pr — July 
3,  1909.     No.  6199. 

The  Comstock  Mines  To-day.  Whitman 
Symmes.  An  illustrated  explanation  of 
the  present  policy  being  pursued  in  un- 
watering  the  mines.  1500  w.  Min  &  Sci 
Pr — July  3,   1909.     No.  6198. 

Earth  Settlement. 

See  Track  Construction,  under  STREET 
AND  ELECTRIC  RAILWAYS. 

Explosives. 

Report  to  the  International  Commission 
on  the  Unification  of  the  Methods  of  Test- 
ing the  Stability  of  Explosives.  V.  Wat- 
teyne  and  S.  Stassart.  From  report  pre- 
sented to  the  Congress  of  Applied  Chem- 
istry. 1600  w.  Col  Guard — July  9,  1909. 
No.  6421  A. 

Hoisting  Engines. 

The  Mechanics  of  Ilgner  -  Operated 
Winding-Engines.  Considers  advantages 
of  electrical  operation  of  rolling-mill 
plants  and  winding-engines,  and  explains 
the  scheme  of  operation.  2200  w.  Engng 
— June  18,  1909.    No.  6039  A. 

Electric  Hoisting  Equipment  at  Winona, 
Mich.  R.  R.  Seeber.  Illustrated  descrip- 
tion of  Ilgner  fly-wheel  motor  generator 
set,  with  Ward  Leonard  control.  1500  w. 
Eng  &  Min  Jour — July  17,  1909.   No.  6391. 
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An  Electrically  Operated  Hoisting  Plant. 
A.  Gradenwitz.  Illustrated  description  of 
a  scheme  devised  to  eliminate  the  fly- 
wheel converter.  1500  w.  Eng  &  Min 
Jour — July  10,  1909.     No.  6251. 

Hydraulic  Filling. 

See  same  title,  under  CIVIL  ENGI- 
NEERING, Construction. 

Laws. 

Synopsis  of  the  New  Mining  Laws  of 
Mexico.  M.  C.  Little.  A  digest  of  the 
new  bill  recently  passed.  5000  w.  Min 
Wld — July  3,  1909.     No.  6142. 

Mine  Maps. 

The  Importance  of  Proper  Underground 
Maps.  Thomas  E.  Fisher.  Suggestions 
for  making  accurate  maps  of  underground 
workings.  Ills.  2000  w.  Min  Wld — July 
10,  1900.     No.  6260. 

Mine  Temperature. 

The  Relation  between  the  Temperatures 
of  Rock  and  Air  (Zusammenhang 
zwischen  Gesteins-  und  Wettertempera- 
turen).  Ernst  Schmid.  A  theoretical  dis- 
cussion. Ills.  Serial,  ist  part.  2200  w. 
Oest  Zeitschr  f  Berg  u  Hiitt'enwesen — June 
5,  1909.     No.  6569  D. 

Pumping. 

Pumping  Plant  at  the  Tombstone  Con- 
solidated. Elton  W.  Walker.  Illustrated 
description  of  a  plant  for  pumping  a  mine 
where  the  daily  flow  averaged  over  5,000,- 
000  gallons.  1800  w.  Eng  &  Min  Jour — 
July  24,  1909.     No.  6641. 

Water  Columns  for  Deep  Level  Mines. 
E.  J.  Laschinger.  Formulates  expressions 
giving  the  average  cost  of  water  columns 
for  depths  up  to  2000  ft.  vertical,  in  terms 
of  the  diameter,  and  of  transmission 
losses.  1500  w.  Jour  S  African  Assn  of 
Engrs — May,  1909.     No.  6025  F. 

Safety. 

On  the  Relation  of  Safety  to  Economy 
in  Mining.  Malcolm  Fergusson.  Deals 
especially  with  the  importance  of  careful 
supervision  for  both  efficiency  and  safety. 
Discussion.  4000  w.  Jour  S.  African 
Assn  of  Engrs — May,  1909.     No.  6024  F. 

Skips. 

Automatic  Dumping  Skip  for  Vertical 
Shafts.  George  C.  McFarlane.  Illustrates 
and  describes  a  self-dumping  skip  for 
hoisting  either  rock  or  water.  2000  w. 
Eng  &  Min  Jour — June  26,  1909.  No. 
6009. 

Surveying. 

Stope  Measurements.  Otto  S.  Tonne- 
sen.  States  some  of  the  objections  to 
methods  employed,  and  descrilDcs  an  im- 
proved method.  Ills.  8000  w.  Jour  Chem, 
Met  &  Min  Soc  of  S.  Africa— May,  1909. 
No.  6671  E. 

Survey  to  Fix  Position  of  the  Water 
Haigh  Pits.  G.  R.  Thompson.  Read  at 
Yorkshire  meeting  of  the  Nat,  Assn.  of 
Col.    Mgrs.      Describes    the    methods    of 

We  supply  copies  of  these 


conducting  the  survey.     Ills.     Discussion. 
4500  w.    Ir  &  Coal  Trds  Rev — July  2,  1909. 
No.  6.3 1 1  A. 
Timbering. 

See  Mining,  under  Coal  and  Coke. 

ORE  DRESSING  AND  CONCENTRATION. 

Calculations. 

Calculations  in  Ore  Concentration.  Full 
abstract  of  a  paper  by  Dr.  Rudolf  Gahl,  be- 
fore the  Colo.  Sec.  of  W.  Assn.  of  Tech. 
Chem.  &  Met.  Discusses  simple  mathe- 
matical calculations  as  a  means  of  getting 
practical  information  from  screen  tests  and 
assays.  3500  w.  Elec-Chem  &  Met  Ind— 
July,  1909.     No.  6192  C. 

Filtration. 

Vacuum  Slime-Filters  at  Goldfield.  Al- 
fred Merritt  Smith.  Describes  the  evo- 
lution of  filter  work  at  Goldtield.  jf>Kj 
w.  Min  &  Sci  Pr — July  10,  1909.  No. 
6320. 

Gold  Milling. 

Visit  to  Simmer  Deep,  Ltd.  Illustrated 
description  of  reduction  works  for  the 
treatment  of  gold  ores  of  South  Africa. 
3000  w.     Jour  Chem,  Met  &  Min  Soc  of 

5  Africa — May,  1909.     No.  6674  E, 
Mixed  Sulphides. 

The  I.  R.  Process  in  Cornwall.  De- 
scribes this  process,  its  advantages,  and 
the  results  obtained  with  complex  sul- 
phides. 1400  w.  ■  Min  Jour — July  I7.  1909. 
No.  6662  A. 
Pneumatic  Concentration. 

Sec  Salt,  under  ]\Iinor  Minerals. 
Sampling. 

Sampling    of    Cobalt    Ores.      Albert    R. 
Ledoux.    Describes  the  methods  of  sampl- 
ing and  ore  treatment.    2000  w.    Can  Min 
Jour — July  I,  1909.     No.  61 15. 
Silver  Milling. 

Pittsburg  Silver  Peak  Mill.  Henry 
Hanson.  Illustrated  description  of  the 
surface  plant  and  processes  in  use  at  the 
mill  at  Blair,  Nevada.  4500  w.  Mines  & 
Min— July,  1909.     No.  6186  C. 

Treating  Low-Grade  Refractory  Ores  of 
Mexico.  Mark  R.  Lamb.  An  account  of 
present  practice  and  the  need  of  cheapen- 
ing costs.  Ills.  3500  w.  Min  Wld — July 
3,  1909.  No.  6135. 
Stamp  Mills. 

The  Proper  Design  of  Cams.  Mark  R. 
Lamb.  Considers  the  important  features 
of  stamp-mill  cam  design,  the  strains,  and 
related  matters.  1500  w.  Eng  &  Min  Jour 
— July  10,  1909.  No.  6248. 
Tailings  Disposal. 

Tailings  Disposal  Plant  at  the  Wolver- 
ine Mill.  C.  Kcmble  Baldwin.  Illustrated 
description  o\  plant  at  Gay,  Michigan,  for 
disposal  of  copper  tailings.    2000  w.     Eng 

6  Min  Jour — July  10,  1909.     No.  6250. 
Zinc  Milling. 

Mechanical  Preparation  i  f  Ores  in  Sar- 
dinia  (Die  mechanische  Aufbereitung  der 
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Erze  in  Sardinien).  E.  Ferraris.  Brief 
description  of  the  apparatus  and  methods 
used.  Ills.  3500  w.  Oest  Zeitschr  f  Berg 
u  Hiittenwesen — June  26,  1909.  No. 
6571  D. 

The  New  Blende  Concentrating  Works 
at  the  "Neue  Helene"  Zinc-Lead  Mine  at 
Scharley,  Upper  Silesia  (Die  neue  Blertde- 
aufbereitungsanlage  des  Zink-und  Bleierz- 
bergwerks  ''Neue  Helene"  bei  Scharley, 
Oberschlesien).  Herr  Piegza.  Detailed 
description  of  the  equipment  of  this  large 
mill.  Ills.  3000  w.  Gliickauf — June  5, 
1909.     No.  6573  D. 

MISCELLANY. 
Atomic  Weights. 

An  Outline  of  a  New  Practical  Method 
for  the  Calculation  of  Atomic  Weights. 
Dr.  Gustavus  D.  Hinrichs.  Claims  that 
the  official  atomic  weights  of  the  Am. 
Chem.  Soc.  are  not  true  to  nature,  and 
outlines  the  author's  theory.  Also  editor- 
ial. 4000  w.  Elec-Chem  &  Met  Ind — 
July,  1909.     No.  6194  C. 

Bolivia. 

Mining  Conditions  in  Bolivia.  J.  Wil- 
son Williams.  Information  concerning  the 
minerals,  mining  regulations,  and  mining 
industry.  2000  w.  Min  Jour — June  26, 
1909.     No.  6272  A. 

Calcium  Sulphate. 

The  Behavior  of  Calcium  Sulphate  at 
Elevated  Temperatures  with  Some  Fluxes. 
H.  O.  Hofman  and  W.  Mostowitsch.  Post- 
script to  a  paper  published  in  the  Jan.  Bul- 
letin giving  a  new  investigation  of  the 
decomposition  of  ferric  oxide  by  heating 
in  dry  air.  400  w.  Bui  Am  Inst  of  Min 
Engrs — July,  1909.     No.  6475  F. 

England. 

Presidential  Address  of  James  Charles 
Inglis.  Deals  principally  with  transport 
and  the  relation  of  engineering.  Specially 
reviewing  the  railway  conditions  of  the 
United  Kingdom.  Appendices.  11500  w. 
Inst  of  Civ  Engrs — Nov.  3,  1908.  No 
6446  N. 

Haiti. 

The  Mineral  Resources  of  Haiti,  West 
Indies.  Edw.  G.  W.  Ferguson.  Reviews 
the  early  history  to  explain  the  slow  de- 
velopment of  this  island,  and  gives  brief 
descriptions  of  the  known  deposits.  4000 
w.    Min  Wld — July  10,  1909.    No.  6263. 


Mexico. 

Physical  and  Geological  Features  of 
Mexico  Mining.  Ezequiel  Ordonez.  Des- 
cription, with  explanation  of  the  six  types 
of  ore  deposit's  that  include  the  great  pro- 
ducers of  gold,  silver,  copper,  lead,  zinc, 
antimony  and  tin.  1500  w.  Min  Wld — 
July  3,  1909.  No.  6138. 
New  York. 

The  Mineral  Production  of  New  York 
in  1908.  D.  H.  Newland.  Gives  statis- 
tics, showing  the  effect  of  the  financial 
depression.  1600  w.  Eng  &  Min  Jour — 
June  26,  1909.  No.  6007. 
Ore  Deposits. 

Metallogenetic  Epochs.  Waldemar  Lind- 
gren.  Read  before  the  Can.  Min.  Inst.  A 
critical  examination  of  mineral  deposits 
and  the  principal  epochs  of  the  segrega- 
tion of  metals  in  North  America.  4000  w. 
Can  Min  Jour — July  15,  1909.    No.  6406. 

The  Formation  and  Enrichment  of  Ore- 
Bearing  Veins.  George  J.  Bancroft.  Sup- 
plementary to  a  paper  read  April,  1907, 
giving  results  of  further  study.  3300  w. 
Bui  Am  Inst  of  Min  Engrs — July,  1909. 
No.  6473  F. 

Interesting  Little  Black  Dikes.  Arthur 
Lakes.  Describes  igneous  rock  found  as- 
sociated with  rich  ore  deposits  in  Idaho 
and  other  places.  1500  w.  Min  Wld — July 
24,  1909.     No.  6655. 

Garnet  Contact  Deposits  of  Copper  and 
the  Depths  at  Which  They  Are  Formed. 
Charles  R.  Keyes.  A  study  of  the  con- 
ditions producing  garnetization.  Ills.  2500 
w.  Ec-Geol — June,  1909.  No.  6744  D. 
Refractory  Materials. 

Refractory  Materials  (Les  Produits  re- 
fractaires).  Louis  Baraduc-Muller.  Read 
before  the  Congress  of  Applied  Chemis- 
try. A  general  discussion,  results  of  re- 
searches and  a  detailed  consideration  of 
the  principal  classes.  1500  w.  Rev  de 
Metal — June,  1909.     No.  6510  E  -}-  F. 

Researches  on  the  Conductivit3'',  Poros- 
ity, and  Permeability  of  Refractory  Ma- 
terials (Recherches  sur  la  Conductibilite, 
la  Porosite  et  la  Permeabilite  des  Ma- 
tieres  refractaires).  S.  Wologdine.  Read 
before  the  Congress  of  Applied  Chemis- 
try. A  report  of  extended  investigations 
Ills.  15000  w.  Rev  de  Metal — ^June,  1909. 
No.  6515  E  +  F. 
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CONDUCTING  TRANSPORTATION. 

Accidents. 

American  Railway  Accidents.  Gives 
statistics  for  the  years  1907  and  1908,  and 
quotes  comments  of  Interstate  Commerce 
Commission.  1500  w.  Engr,  Lond — June 
18,  1909.     No.  6049  A. 

We  supply  copies  of  these 


The    Crawford    Derailment.      Discusses 
this  accident  and  also  Colonel  Yorke's  re- 
port upon  it.     1500  w.     Engr,  Lond — July 
2,  1909.     No.  6310  A. 
Derailments. 

A    Study   of   the    Stability    of    Railway 
Rolling  Stock  (Etude  complementaire  sur 
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la  Stabilite  dii  Materiel  des  Chcmins  de 
Fer).  Georges  Marie.  Presents  a  com- 
plete theory  of  derailments  and  a  discus- 
sion of  its  importance  in  connection  with 
the  design  of  tire  profiles.  Ills.  14000 
w.  Mem  Soc  Ing  Civ  de  France — May, 
1909.  No.  6502  G. 
Despatching. 

The  Train  Despatchcr's  Status.  J.  F. 
Mackie.  From  a  paper  read  at  Columbus 
meeting  of  the  Train  Des.  Assn.  Brief 
review  of  the  development  of  the  service 
with  the  increase  in  traffic.  1500  w.  R  R 
Age  Gaz — July  16,  1909.  No.  6380. 
Signalling, 

First  Annual  Report  of  the  Block  Sig- 
nal and  Train  Control  Board  to  the  In- 
terstate Commerce  Commissions.  Ills. 
38000  w.  Bui  Int  Ry  Cong — June,  1909. 
No.  6459  G. 

The  Use  of  Alternating  Currents  in 
Railway  Signaling.  W.  K.  Howe.  Read 
before  the  Ry.  Sig.  Assn.  Explains  the 
advantages  as  compared  with  direct  cur- 
rent, illustrating  the  use  of  the  A.  C.  track 
circuit  as  applied  to  electric  traction  roads. 
3000  w.  R  R  Age  Gaz — July  9,  1909. 
Serial,  ist  part.    No.  6236. 

The  Resistances  and  the  Application  of 
Double-Wire  Transmissions  for  Operating 
Switches  and  Signals  at'  a  Distance.  L. 
H.  N.  Dufour.  Particulars  as  to  resist- 
ance to  movement  of  the  different  switches 
and  signals,  and  of  parts  of  a  wire-trans- 
mission system,  discussing  possible  im- 
provements. 9000  w.  Bui  Int  Ry  Cong — 
June,  1909.    No.  6458  G. 

Interlocking  and  Signalling.  E.  W. 
Oliver.  Considers  in  detail  some  of  the 
conditions  of  interlocking  and  signalling 
required  at  grade  crossings  of  railways  in 
Canada.  Ills.  7500  w.  Can  Engr — July 
30,  1909.     No.  6786. 

Automatic  Block  Signals.  W.  B.  Kou- 
wenhoven.  Considers  the  operation  of 
block  signals  on  double-track  roads  only. 
2000  w.  Ry  &  Log  Engng — July.  1909. 
No.  6121  C. 

The  Ciraolo  Distant-Control  Signal 
(Nota  sul  Sistima  di  Disco  manovrato  a 
Distanza  inventato  dall-Ing.  Ciraolo). 
Ferruccio  Celeri.  An  exhaustive  descrip- 
tion. Ills.  6500  w.  Ing  Ferro — June  i, 
1909.     No.  6555  D. 

MOTIVE  POWER  AND  EQUIPMENT. 

Air  Brakes. 

The  Question  of  the  Proposed  Trials  of 
Goods-Train  Brakes.  A.  Huberti  and  J. 
Doyen.  Gives  details  of  certain  points  re- 
lating to  brake  trials  with  continuous 
brakes.  4000  w.  Bui  Int  Ry  Cong — June, 
1909.     No.  6457  G. 

Leaky  Graduating  Valve.  Explains  the 
action  of  a  leaky  graduating  valve,  and 
methods  of  testing.  2500  w.  Ry  &  Loc 
Engng — Jul}^  1909.    No.  6120  C. 

We  supply  copies  of  these 


Car  Haulage. 

Mechanical  Car  Haulage,  2  Collecting- 
Yard  Novelty  (Machinclle  Wagen-Ran- 
gieranl.-igen,  eine  Xeuerung  fur  den  Ver- 
schicbcdienst).  Hcrr  Peter.  Describes  a 
system  of  endless  wire-rope  haulage  for 
shifting  railway  cars  about  a  yard.  Ills. 
3200  w.  Glaser's  Ann — June  i,  1909.  No. 
6587  D. 
Electrification. 

The  Difficulties  of  Underground  Trans- 
mission for  Trunk  Line  Electrification. 
William  A.  Delmar.  An  examination  of 
construction  and  operation  difficulties  in 
underground  transmission.  1500  w.  Elec 
Age — June,  1909.     No.  6131. 

Electric-Traction  Studies  in  Switzer- 
land (Gli  Studii  per  la  Trazione  elettrica 
in  Svizzera).  Emilio  Gerli.  A  resume 
of  the  results  of  recent  extended  investi- 
gations. Serial,  ist  part.  3500  w.  Ing 
Ferro — June  i,  1909.  No.  6556  D. 
Fuel  Accounting. 

Best  Method  of  Accounting  for  Railway 

Fuel.     Extracts  from  report  of  committee 

before  the  Int.   Ry.   P^uel  Assn.     3000  w. 

Ry  &  luigng  Rev — June  26,  J909.  No.  6014. 

Locomotive  Boilers. 

Advisability  of  Installing  Hot-Water 
Washouts  and  Filling  Systems  Luther  H. 
Bryan.  Read  before  the  Int.  Ry.  Gen. 
Foremen's  Assn.  Presents  the  advantages 
of  the  hot- water  system.  1200  w.  Boiler 
Maker— July,  1909.  No.  6188. 
Locomotive  Brakes. 

The     Pressure    on    Locomotive     Brake 
Blocks.     Considers  methods  of  estimating 
the  pressure.     Diagrams.     2000  w.     Engr, 
Lond— July  9,  1909.     No.  6427  A. 
Locomotive  Construction. 

Locomotive  Construction  in  the  United 
States,  Germany  and  France  (Note  sur  la 
Construction  des  Locomotives  aux  Etats- 
Unis,  en  Allemagne  et  en  France).  Louis 
Le  Chatelier.  A  criticism  of  M.  Marcel 
Bloch's  paper  on  this  subject.  2000  w. 
Rev  Gen  des  Chemins  de  Fer— June,  1909. 
No.  6531  G. 
Locomotive  Life. 

On  the  Serviceable  Life  and  Average 
Annual  Cost  of  Locomotives  in  Great 
l^ritain.  Richard  Price  Williams.  Deals 
with  the  locomotive  stock  of  15  of  the 
principal  railways  in  Great  Britain.  Tables 
and  diagrams.  4500  w.  Inst  of  Civ 
Engrs— No.  3/66.  No.  6449  N. 
Locomotive  Management. 

Fuel  Economics.  From  a  committee  re- 
port to  the  Am.  Ry.  Mas.  Mech.  Assn. 
Practical  suggestions.  4000  w.  Ry  & 
Engng  Rev— June  26,  1909.     No.  6015. 

Fuel  Economics  on  the  Locomotive. 
Portion  of  a  committee  report  at  conven- 
tion of  the  Am.  Ry.  Mas.  Mcch's  A  .sn. 
Deals  with  essemial  conditions.  2500  w. 
Eng  News— July  t,  1909.    No.  6087. 

articles.     See  page  1048. 
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Locomotive  Performance. 

Locomotive  Performance  Under  Satu- 
rated and  Superheated  Steam.  Extracts 
from  a  paper  by  W,  F.  M.  Goss,  before 
the  Am.  Ry.  Mas.  Mech.  Assn.  A  re- 
port of  tests  and  methods.  6000  w.  Ry 
&  Engng  Rev — June  26,  1909.    No.  6013. 

Locomotive  Repairs. 

A  Firebox  Patch.  J.  P.  Morrison.  Read 
before  the  Int.  Ry.  Gen.  Foremen's  Assn. 
Describes  work  requiring  great  care,  giv- 
ing itemized  account  of  cost.  2000  w. 
Boiler  Maker — July,   1909.     No.  6189. 

Locomotives. 

The  Earliest  Balanced  Locomotives. 
Herbert  T.  Walker.  Illustrated  descrip- 
tion of  the  designs  of  John  George  Bod- 
mer,  in  1834,  are  given  in  the  present  num- 
ber. 1500  w.  R  R  Age  Gaz — July  23, 
1909.     Serial,  ist  part.     No.  6631. 

A  Tabular  Comparison  of  Notable  Ex- 
amples of  Recent  Locomotives  Arranged 
in  Order  of  Total  Weights.  3000  w.  Am 
Engr  &  R  R  Jour — July,  1909.  No.  6190  C. 
Mikado  Locomotives  for  the  Chicago, 
Milwaukee  &  Puget  Sound.  Illustrated 
description  of  a  design  for  20  recently 
completed  locomotives.  500  w.  R  R  Age 
Gaz — July  16,  1909.    No.  6378. 

Recent  C.  &  A.  Equipment.  Illustra- 
tions, with  descriptions,  of  locomotives  for 
heavy  frieght  and  for  fast  passenger 
service.  1500  w.  Ry  &  Loc  Engng — July, 
1909.     No.  61 18  C. 

Consolidation  Locomotives  for  the 
Pennsylvania.  Illustrates  and  descr;bes  an 
example  of  Class  H-8b,  interesting  on  ac- 
count of  their  weight,  tractive  power,  and 
details  of  bracing.  500  w.  R  R  Age  Gaz 
— July  2,  1909.     No.  6126. 

Ten-Wheel  Tank  Locomotive  (3-ft.  6-in. 
Gauge)  ;  Dutch  Indian  Railway.  Illus- 
trated detailed  description  of  engines  re- 
cently put  in  service  in  Java.  Plate,  1200 
w.    Engng — June  18,  1909.    No.  6042  A. 

Four-Cylinder  Pacific  Compound  of  the 
Orleans  Railway  (Locomotives  Pacific 
compound  a  quatre  Cylindres  de  la  Com- 
pagnie  d'Orleans).  Illustrated  description. 
3200  w.  Genie  Civil — June  19,  1909.  No, 
6548  D, 
Motor  Cars. 

The  Petrol-Electric  System  of  Traction, 
Illustrates  and  describes  this  system  of 
motor-car  traction  on  the  Continent,  as 
installed  by  the  Westinghouse  Co,  2000 
w.  Tram  &  Ry  Wld— Julv  8,  1909. 
No.  6606  B. 

Suburban  Operation  with  Accumulator 
Motor  Cars  on  the  Prussian  State  Rail- 
ways (Vorortverkehr  mit  elektrischen 
Triebwagen  auf  den  Preussichen  Staats- 
bahnen).  Carl  Vogel.  Describes  the  cars, 
their  equipment,  and  operating  results. 
Ills.  4500  w.  Elek  Kraft  u  Bahnen — June 
23,  1909.     No,  6713  D, 


Passenger  Cars. 

Coach  with   Steel  Underframes  for  the 
Central   of   New   Jersey,     Illustrated    de- 
scription,    500  w,     R  R  Age  Gaz — July  9, 
1909.     No.  6233. 
Tonnage  Rating. 

The  Effect  of  the  Physical  Character- 
istics of  a  Railway  upon  the  Operation  of 
Trams.  From  Bui.  112  of  the  Am.  Ry. 
Engng.  &  Main,  of  Way  Assn.  Gives  for- 
mulae and  methods  for  tonnage  rating  and 
for  comparing  projected  lines.  1000  w. 
R  R  Age  Gaz — July  16,  1909.  Serial,  ist 
part.  No,  6381. 
Train  Ferries. 

A  New  Railway  Train  Ferry  Service, 
An  illustrated  account  of  the  new  service 
between  Germany  and  Sweden.  1500  w. 
Engr,  Lond — July  16,  1909,  Serial,  ist 
part.  No.  6690  A. 
Train  Lighting. 

Compressed  Gas  and  Electric  Car  Light- 
ing. George  L,  Fowler,  An  investigation 
of  the  present  status  of  the  car-lighting 
problem  and  the  cost.  5000  w.  R  R  Age 
Gaz — July  9,   1909.     No.  6235, 

Axle-Driven  Head-End  Electric  Train 
Lighting  System,  Illustrated  description 
of  the  system  worked  out  by  W,  J,  Bohan, 
Ills.  1500  w.  R  R  Age  Gaz — July  9,  1909. 
No.  6238. 
Wheels. 

Car  Wheels.     Extracts   from  report  of 

Committee   of   the   Master    Car   Builders' 

Assn.     Ills.     5000  w.     Ry  &  Engng  Rev — 

July  10,  1909.     No.  6265. 

PERMANENT    WAYS    AND    BUILDINGS. 

Construction. 

The  Davos-Filisur  Railway  (Die  Bahn- 
linie  Davos-Filisur).  P.  Saluz.  Describes 
the  construction  of  an  extremely  difficult 
mountain  line  in  Switzerland.  Ills,  Serial, 
1st  part.  1700  w.  Schweiz  Bau — June  5, 
1909,  No,  6578  B, 
Curves. 

Easement  Curves  (Uebergangskurven 
und  deren  Anschluss  an  die  Bahnkriim- 
mungen).  E.  Haunold.  Mathematical 
discussion  of  the  calculation  of  fransission 
ends  with  tables  of  data.  Ills.  3500  w. 
Zeitschr  d  Oest  Ing  u  Arch  Ver — ^June  11, 
1909.  No.  6595  D. 
Rails. 

Specifications  for  90-lb.  Bessemer  and 
Open  Hearth  Steel  Rails  for  the  Harriman 
Lines.  Gives  specifications  tu  which  the 
1909  orders  are  purchased.  1500  w.  R  R 
Age  Gaz — July  30,  1909.    No.  6780. 

Dark  Carbon  Streaks  in  Segregated 
Metal  in  Split  Pleads  of  Rails.  Dr.  P.  H. 
Dudley.  Read  before  the  Am.  Soc.  for 
Test.  Mat.  Illustrated  report  of  investiga- 
tions. 2500  w.  Ry  &  Engng  Rev — July 
10,  1909.     No.  6264. 

Rail  Failures  Due  to  Burns  and  Crys- 
tallization, Caused  by  Slipping  of  Engine 
Drivers,   Baltimore  &  Ohio  Railroad.    A. 
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W.  Thompson.  From  Bui.  itt  of  the  Am. 
Ry.  &  Main,  of  Way  Assn.  Gives  analyses 
of  rails  causing  derailments,  showing  the 
weakening.  Ills.  2000  w.  Can  Engr — 
July  23,  1909.     No.  6638. 

See     also     Steel     Specifications,     under 
CIVIL   ENGINEERING,    Materials   of 
Construction. 
Reconstruction. 

The  Widening  of  Wcmyss  Bay  Railway. 
Illustrated  detailed  description  of  interest- 
ing work  to  meet  conditions  of  congested 
traffic  on  the  shores  of  the  Firth  of  Clyde. 
Plates.  4500  w.  Engng — July  2,  1909. 
Serial,  ist  part.  No.  6303  A. 
Roundhouses. 

See  Reinforced  Concrete,  under  CIVIL 
ENGINEERING,  Construction. 
Sanitation. 

Railway   Sanitation.     Dr.  J.   N.   Hurty. 

Discusses  matters  relating  to  the  care  of 

cars,  stations  and  railway  roadbeds.  .  1500 

w.    R  R  Age  Gaz — July  9,  1909.    No.  6234. 

Terminals. 

The  New  Terminal  Station,  Birming- 
ham, Ala.  P.  Thornton  Marye.  Illustrated 
description.  Plates.  2000  w.  Am  Archt — 
July  14,  1909.     No.  6316  C. 

Railroad  Terminal  Improvements  at 
Providence,  R.  I.  George  B.  Francis. 
Gives  the  history  and  illustrated  descrip- 
tion of  the  union  terminal  station  devel- 
opments which  have  been  in  progress  for 
the  last  ten  years.  17500  w.  Jour  Assn 
of  Engng  Socs — May,  1909.     No.  6350  C. 

Electrical  Features  of  the  New  North- 
western Railroad  Terminal  in  Chicago.  Il- 
lustrated general  account  of  the  power 
plant,  etc.  3500  w.  Elcc  Wld — July  8, 
190Q.     No.   6219. 

Glasgow  Central  Station  Extension. 
Donald  Alexander  Matheson.  Describes 
the  leading  features  of  the  extension 
scheme.  Also  discussion.  Ills.  66000  w. 
Inst  of  Civ  Engrs,  No.  3737 — Nov.  10, 
1908.    No.  6447  N. 

See   also   Tunnels,    under     Permanent 
Way  and  Buildings. 
Track  Construction. 

Tracklaying  Apparatus.     J.  F.  Springer. 
Illustrates  and  describes  the  Harris  Track- 
laying  Machine  and  its  operation.    2000  w. 
Ry  &  Loc  Engng — July,  1909.    No.  6119  C. 
Transfer  Tables. 

A  Railway  Transfer  Table  Without  a 
Pit.  Henry  V.  Miller.  Illustrated  de- 
scription of  a  table  recently  built  for  the 
Southern  Pacific  Co.,  at  Sacramento,  Cal. 
1200  w.     Eng  New^s — July   15,   1909.     No. 

6383. 
Tunnels. 

The  East  Side  Tunnel  and  Its  Ap- 
proaches, Providence,  R.  I.  Edwin  P. 
Dawley.  An  illustrated  description  of  this 
work  in  connection  with  the  improved 
terminal  facilities.  9500  w.  Jour  Assn  of 
Engng  Socs — May,  1909.     No.  6351   C. 

We  supply  copies  of  tlicsi 


Yards. 

Electric  Installations  in  the  Wustermark 
Distributing  Yard  (Die  clqktiischen  An- 
lagen  des  Verschiebebahnhofes  Wuster- 
mark). Herr  Meyer.  Describes  the 
power  plant,  the  uses  to  which  the  power 
is  put,  the  lighting,  etc.  Ills.  3500  w. 
Elek  Kraft  u  Bahnen — June  14,  1909,  No. 
6712  D. 

See  also  Car  Haulage,  under  Motive 
Power  and  Equipment. 

TRAFFIC. 

Car  Distribution. 

Aline  Inspection  with  Respect  to  Car  Al- 
lotment. H.  B.  Douglas.  Read  before  the 
Coal  Min.  Inst,  of  America.  Discusses  the 
proper  method  of  mine  rating,  and  matters 
relating  to  car  distribution.  2500  w.  Eng 
&  Min  Jour — July  3,  1909.     No.  6170. 

Combinations. 

Railway  Combinations  from  the  Trader's 
Point  of  View.  Alfred  Mond.  From  re- 
port of  the  Board  of  Trade  Railway  Con- 
ference. The  effects  of  combination  are 
considered.  2500  w.  Ir  &  Coal  Trds  Rev 
— June  18,  1909.     No.  6055  A. 

Freight. 

Freight  Handling  on  the  Metropolitan 
Division  of  the  Toronto  and  York  Radial 
Railway.  Describes  the  physical  character- 
istics of  this  line,  the  equipment  and 
methods.  Ills.  2500  w.  Elec  Ry  Jour — 
July  3,  1909.     No.  6098. 

I.  C.  C.  Decisions. 

The  Dockets  of  the  Interstate  Commerce 
Commission.  Logan  G.  McPherson.  Gives 
a  summary  of  complaints  presented  for 
the  15  months  beginning  Jan.  i,  1908,  and 
ending  March  31,  1909.  2800  w.  R  R  Age 
Gaz — July  23,  1909.     No.  6630. 

MISCELLANY. 
Apprenticeship. 

Student  Employees  on  the  Harriman 
Lines.  Interesting  description  of  the 
method  of  training  young  men  for  posi- 
tions in  the  operating  departments.  Gives 
abstract  of  curriculum.  3500  w.  R  R  Age 
Gaz— June  4,  1909.  No.  5287. 
C.  C.&O.R.R. 

The  Costliest  Railroad  in  America.  J. 
O.  Lewis.  Illustrations  and  brief  descrip- 
tion of  the  Carolina,  Clinchfield  &  Ohio 
Railroad  that  cost  more  than  thirty  mil- 
lion dollars.  2000  \v.  Sci  Am  Sup — July 
31,  1909.  No.  6766. 
China. 

Railway  Development  in  China.  Arthur 
Jol.n  Barry.  Briefly  outlines  the  history 
of  the  railway  movement  in  China,  show- 
ing the  obstacles  that  had  to  be  overcome, 
describing  the  railways  constructed  and 
giving  interesting  information.  General 
discussion.  15000  vv.  Jour  Soc  of  Arts — 
May  21,  1909.     No.  5203  A. 

Railway   Development  in  China.     R.   C. 

•  articles.     See  paje   iCfS. 
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Hardman.  Outlines  present  means  of 
transportation,  what  has  been  done 
toward  the  development  of  a  railway  sys- 
tem, and  the  outlook  for  expansion  in  the 
future.  Ills.  3300  w.  Transit — June, 
1909,    No.  6480  N. 

Education, 

Practical  Education  for  Railroac^  Ser- 
vice. L.  H.  Turner.  Gives  the  author's 
views  in  regard  to  the  aim  of  practical 
education.  Followed  by  general  discussion. 
14500  w.  Pro  Ry  Club  of  Pittsburgh — 
Ma}'  28,  1909.     No.  6357  C. 

Indo-China. 

The  Railways  of  Indo-China  (Note  sur 
les  Chemins  de  Fer  de  ITndo-Chine).  R. 
Godfernaux.  Describes  the  lines,  rolling 
stock,  buildings,  economic  conditions,  etc. 
Ills.  Serial,  ist  part.  9500  w.  Rev  Gen 
des  Chemins  de  Fer — June,  1909.  No. 
6532  G. 

Ireland. 

The  Bray  and  Wicklow  Railway.  Illus- 
trated description  of  this  railway  on  the 
Irish  coast,  where  the  encroachments  of 
the  sea  causes  great  expense.  1500  w. 
Engr,  Lond — July  9,  1909.    No.  6429  A. 

Management. 

The  Successful  Mechanical  Department 
Official.  Fundamental  principles  underly- 
ing an  efficient  organization.  Discusssion 
and  comment.  2700  w.  Am  Engr  &  R  R 
Jour — June,  1909.    No.  5328  C. 

Suggested  Possibilities  of  Supply  De- 
partment Management.     George   G.  Yeo- 


mans.  Gives  a  comparison  of  the  amount 
of  material  and  supplies  in  stock  on  differ- 
ent railways  and  analysis  of  conditions 
that  should  determine  the  amount  of  stock 
to  be  carried.  3500  w.  R  R  Age  Gaz — 
July  30,   1909.     No.  6781. 

Mexico. 

Railway  Policy  and  Operation  in  Mex- 
ico. An  explanation  of  the  government 
policy  and  the  changes  in  methods  of  oper- 
ation. 1600.  R  R  Age  Gaz — July  2,  1909. 
No.  6125. 

What  the  Southern  Pacific  Will  Do  for 
Mexico.  Eugene  A.  H.  Tays.  Gives  in- 
formation in  regard  to  the  railway  facili- 
ties, explaining  the  nature  of  the  Mexican 
people,  and  giving  reasons  for  prophesy- 
ing great  benefits  to  the  country  and  com- 
pany. 2000  w.  Min  Wld — July  3,  1909. 
No.  6140. 

Norway. 

The  Christiania-Bergen  Railway.  Ole 
W.  Lund.  History  and  illustrated  descrip- 
tion of  a  line  constructed  through  difficult 
country;  remarkable  for  the  height  to 
which  it  rises,  the  severe  climate  and  enor- 
mous masses  of  snow,  and  the  number  of 
tunnels.  3300  w.  R  R  Age  Gaz — July  30, 
looQ.     No.  6782. 

Statistical  Charts. 

The  Logarithmic  Scale  in  Graphic 
Charts.  W.  J.  Cunningham.  An  explana- 
tion of  the  use  of  such  charts  in  railway 
statistics.  1500  w.  R  R  Age  Gaz — June 
25,  1909.    No.  5885. 
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Accounting. 

Electric  Railway  Accounting.  A.  L. 
Linn,  Jr.  Abstract  of  paper  before  the  St. 
Ry.  Assn.  of  the  State  of  N.  Y.  A  study 
based  on  usage  of  the  uniform  system  pre- 
scribed by  the  Public  Service  Commission 
of  the  Second  District.  Also  discussion. 
5000  w.  Elec  Ry  Jour — July  3,  1909.  No. 
6100. 

Bombay. 

The  Tramways  of  Borjibay.  Illustrated 
detailed  description  of  the  system  as  con- 
verted to  electric  traction.  3000  w.  Tram 
Sr  Ry  Wld— July  8,  1909.    No.  6605  B. 

Canal  Traction. 

Electric  Haulage  on  Canals.  Extract 
translated  from  an  article  by  Dr.  G.  Meyer, 
referring  to  recent  development's.  1200  w. 
Elec  Rev,  Lond — July  9,  1909.  No.  6419  A. 
Electric  Haulage  of  Canal  Boats  (Hal- 
age  electrique  des  Bateaux).  Leon  Ger- 
ard. A  discussion  of  M.  du  Bousquet's 
paper,  referring  principally  to  the  results 
of  the  Lehigh  Canal  tests.  Ills.  4400  w. 
Mem  Soc  Ing  Civ  de  France — May,  1909. 
No.  6503  G. 


Conduit  System. 

Improvements  in  Conduit  Railway 
Construction  in  London.  Describes  fea- 
tures of  interest  in  the  construction  and 
management.  2500  w.  Elec  Ry  Jour — 
July  3,   1909.     No.   6099. 

Direct  Current. 

Electric  Traction  by  Constant-Intensity 
Continuous  Current  (Discussion  de  la 
Communication  de  M.  J.  Bpurdel).  M. 
Bourdel's  reply  to  discussion.  5300  w. 
Bui  Soc  Int  d  Elecns — June,  1909,  No. 
6506  F. 

Electric  Traction. 

Electric  Traction  on  Railways  (La 
Traction  electrique  sur  les  Chemins  de 
Fer).  H.  Marchand.  Makes  a  general 
comparison  between  steam  and  electricity, 
in  this  number.  Ills.  Serial,  ist  part. 
14000  w.  Soc  Beige  d'Elecns — June,  1909. 
No.  6501   E. 

England. 

English  Electric  Railways.  Outlines 
what  has  been  accomplished  in  England 
up  to  the  present  time.  2500  w.  R  R 
Age  Gaz — July  9,  1909.     No.  6237. 
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Fish  Plates. 

An  Electro-Mechanical  Fish  Plate 
(Une  Eclisse  clcct'ro-mecaniqiic),  E. 
Sauvage.  Describes  an  invention  so- 
called  because  it  may  be  used  on  elec- 
tric railways  without  any  further  bond. 
Ills.  4000  w.  Bui  Soc  d'Encour — May, 
1909.  No.  6523  G. 
Interurban. 

Waterbury  Extensions  of  the  Connecti- 
cut Company.  Illustrates  and  describes 
recent  extensions  to  North  Woodbury 
and  to  Thomast'on,  Conn.  1500  w.  Elec 
Ry  Jour— July  31,  1909.  No.  6775. 
Locomotives. 

The  Construction  of  Alternating-Cur- 
rent Locomotives  (Neuere  Bauarten  von 
Wechselstrom-Lokomotiven).  G.  Brecht. 
Discusses  a  number  of  recent  designs. 
Ills.  2300  w.  Zeitschr  d  Ver  Deutschcr 
Ing — June  19,  1909.     No.  6729  D. 

The  Driving  of  Electric  Trunk-Line 
Locomotives  (Beitrag  zur  Frage  des  An- 
triebes  elekt'rischer  Vollbahnlokomotiven). 
Herr  Heyden.  Discusses  the  various  sys- 
tems of  power  transmission  from  motor 
to  axle.  Ills.  2800  w.  Elek  Kraft  u 
Bahnen — June  4,  1909.     No.  671 1  D. 

'See    also    Simplon,    under    Street    and 
Electric  Railways. 
Power  Transmission. 

See    Electrification,    under    RAILWAY 
ENGINEERING,     Motive     Power     and 
Equipment. 
Railless. 

Railless  Traction  Systems.  An  illus- 
trated report  by  a  Leeds  committee  of  in- 
vestigation, especially  considering  the 
Mercedes-Stoll,  and  the  Filovia  systems. 
2200  w.  Tram  &  Ry  Wld — July  8,  1909. 
No.  6607  B. 
Simplon. 

The  Operation  of  the  Simplon  Tunnel 
Railway.  Illustrated  description  of  the 
old  and  new  locomotives  and  the  power 
supply.  1400  w.  Eng  News — July  29, 
1909.  No.  6767. 
Speed  Recorders. 

A  Calibrated  Speed  Recordef.  A.  B. 
Stitzer.  Illustrates  and  describes  a  speed 
recorder  adapted  for  electric  traction 
work,  making  a  record  that  can  be  read 
without  a  correcting  factor.  1500  w.  Pro 
Engrs'  Club  of  Phila — Jan.,  1909,  No. 
6358  D. 
Subways. 

The  New  Tunnel  System  Under  the 
Hudson  River.  Plan  and  brief  description 
of  this  tunnel  system,  nearing  completion. 
1600  w.  Eng  Rec — July  24,  1909.  No. 
66si. 

Opening  of  the  Terminal  Station  of  the 
Hudson  and  Manhattan  Railroad.  Illus- 
trates and  describes  details  of  stations, 
track  construction  and  service.  5000  w. 
Elec  Ry  Jour — July  17,  1909.     No.  6367. 

We  supply  copies  of  these 


Progress  on  the  Subway  Bridge  Loop, 
New  York.  Illustrates  and  describes  re- 
cent work  on  this  loop  wh.:h  will  con- 
nect the  Ikooklyn  and  Williamsburg 
bridges  in  Manhattan.  2500  w.  Eng  Rec 
— June  26,  1909.     No.  6001. 

A  Project  for  Underground  Electric 
Railways  in  Vienna  (Projekt,  betreffend 
clcktrische  Untcrgrundbahnen  durch  die 
Innere  Stadt  Wien).  Karl  Hochenegg. 
A  brief  outline  of  the  proposed  lines. 
Ills.  Serial,  ist  part.  2000  w.  Zeitschr  d 
Oest  Ing  u  Arch  Ver — June  25,  1909.  No. 
6597  D. 

Terminals. 

New  Terminal  of  the  Public  Service 
Railway  at  Holwken,  N.  J.  Martin 
Schreiber.  Illustrated  description  of  a 
new  terminal  under  construction,  adjacent 
to  the  D.  L.  &  W.  station,  and  the  station 
of  the  Hudson  and  Manhattan  R.  R.  tun- 
nels. 2500  w.  Elec  Ry  Jour— Aug.  7, 
1909.     No.  6915. 

Test  Cars. 

Special  Testing  and  Repair  Cars.  Illus- 
trated descriptions  of  two  examples  of 
special  cars  in  service  in  Vienna  and  in 
Marseilles.  1500  w.  Tram  &  Ry  Wld— 
June  3,  1909.     Xo.  5595  B. 

Track  Construction. 

The  Influence  of  Mining  on  Street  Rail- 
way Lines  and  Its  Prevention  (Der  Ein- 
fluss  des  Bcrgbaucs  auf  Strassenbahngleise 
und  seine  Bekampfung).  Herr  Korten. 
Discusses  earth  settlement  in  the  Rhine- 
Westfalian  coal  district  and  railway  track 
construction  to  overcome  its  effects.  Ills. 
5200  w.  Gliickauf — June  19,  1909.  No. 
6575  D. 

Track  Maintenance. 

Boston  Elevated  Railway  Co.  Track 
Maintenance.  Describes  methods  used  on 
surface  lines.  Ills.  1800  w.  Elec  Ry 
Jour — June  5,  1909.     No.  5259. 

Trolley  Lines. 

Some  Details  of  Overhead  Construction. 
E.  Goolding.  Describes  points  of  interest 
in  recently  executed  work.  Ills.  1500  w. 
Tram  &  Ry  Wld — June  3,  1909,  No. 
5596  B. 

Trunk  Lines. 

The  Electrical  Operation  of  Trunk 
Lines  from  a  Military  Point  of  View  (Die 
Aussichtcn  des  clektrischon  Vollbahnbc- 
triebes  mit  besonderer  Bcriicksichtigung 
der  militarischen  Bedenken).  R.  Rinkel. 
With  special  reference  to  conditions  in 
Germany.  Ills.  2800  w.  Elek  Kraft  u 
Bahnen — May  24,    1909.     No.  5953   D. 

Electric  Trunk  Line  Construction  in  the 
United  States  (Ban  elcktrischcr  llaupt- 
bahnen  in  den  Vereinigtcn  Staaten).  E. 
C.  Zehme.  A  discussion  of  the  various 
important  lines.  Ills.  Serial,  1st  part. 
^500  w.  Glastr's  \im — June  1,  1909.  No. 
6588  D. 

articles.     See  page  104S. 
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THE   PUBLICATIONS   REGULARLY   REVIEWED   AND   INDEXED 

The  titles  and  addresses  of  the  journals  regularly  reviewed  are  given  here  in  full,  but  only  abbre- 
viated titles  are  used  in  the  index.  In  the  list  below,  w  indicates  a  weekly  publication,  b-w,  a  bi-weekly, 
s-w,  a  semi-weekly,  m,  a  monthly,  b-jn,  a  bi-monthly,  t-m,  a  tri-monthly,  qr,  a  quarterly,  s-q,  semi- 
quarterly,  etc.  Other  abbreviations  used  in  the  index  are:  111 — Illustrated;  \V — Words;  Anon — Anony- 
mous. 


Alliance   Industriclle.      111.      Brussels. 

American   Architect,      w.      New   York. 

Am.  Engineer  and  R.  R.  Journal,     in.     New  York. 

American  Jl.  of  Science,  m.  New  Haven,  U.    S.  A. 

American  Machinist,     w.     New  York. 

Anales  de  la  Soc.  Cien.  Argentina,  in.  Buenos  Aires. 

Annales  des  Fonts  et  Chaussees.     m.     Paris. 

Ann.  d  Soc.  Ihg.  d  Arch  Ital.     s-m.     Rome. 

Applied  Science,     m.     Toronto,  Out. 

Architect,     w.     London. 

Architectural   Record,     m.     New   York. 

Architectural  Review,     s-q.     Boston. 

Architect's  and  Builder's  Magazine,  m.  New  York. 

Australian  Mining   Standard,     w.     Melbourne. 

Autocar,     w.     Coventry,  England, 

Automobile,     w.     New  York. 

Automotor  Journal,     w.     London. 

Beton  und  Eisen.     qi:     Vienna.  ^ 

Boiler  Maker,     m.     New  York. 

Brass  World,     in.     Bridgeport,  Conn. 

Brit.  Columbia  Mining  Rec.     m.     Victoria,  B.   C. 

Builder,     w.     London. 

Bull.   Bur.   of   Standards,     qr.     V'ashington. 


Bulletin  de  la  Societe  d'Encouragement.  in.  Paris. 
Bulletin  du  Lab.  d'Essais.     in.     Paris. 
Bulletin  of  Dept.  of  Labor,     b-m.     Washington. 
Bull,   of  Can.   Min.   Inst.      qr.     Montreal. 
Bull.    Soc.   Int.   d'Electriciens.      in.      Paris. 
Bulletin  of  the  Univ.   of  Wis.,  Madison,  U.   S.  A. 
Bull.   Int.    Railwaj    Congress,     m.     Brussels. 
Bull.  Scien.  dc  I'Assn.  des  Eleves  des  Ecoles  Spec. 

m.     Liege. 
Bull.  Tech.  de  la  Suisse  Romandc.  s-ni.   Lausanne. 
California  Jour,  of  Tech.     in.     Berkeley,  Cal. 
Canadian  Architect,     in.     Toronto. 
Canadian  Electrical  News.     in.     Toronto. 
Canadian  Engineer,     w.     Toronto  and  Montreal. 
Canadian  Mining  Journal,     bw.     Toronto. 
Cassier's  Magazine,     m.     New  York  and  London. 
Cement,     m.     New  York. 
Cement  Age.     in.     New  York. 
Central   Station,     in.     New  York. 
Chem.    Met.    Soc.    of   S.   Africa,    in.    Johannesburg. 
Clay  Record,     s-m.     Chicago. 
Colliery  Guardian,     w.     London. 
Compressed  Air.     in.     New  York. 
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C'oniplcs  Rcndus  dc  1*  Acad,  dcs  Sciences,  w.  Pans. 

Consular  Reports,     m.     Washington. 

Cornell  Civil  Engineer,     m.     Ithaca. 

Deutsche  Bauzcitung.     b-zv.     lUrlin. 

Die   Turbine,     s-m.     Berlin. 

Domestic  Engineering,     w.     Chicago. 

Economic  Geology,     m.     New  Haven,  Conn. 

Electrical  Age.     m.     New  York. 

Electrical   Engineer.     i>i.     London. 

Electrical   Engineering.     70.     London. 

Electrical  Review,     w.     London. 

Electrical   Review,      zu.      New  York. 

Electric  Journal.     Di.     Pittsburg,  Pa. 

Electric  Railway  Journal,     zo.     New  York. 

Electrical  World,     zv.     New  York. 

Electrician,     zv.     London. 

Electricien.      zv.      Paris, 

Elcktrische  Kraftbetriebe  u  Bahncn.   zu.   Munich. 

Electrochemical   and   Met.   Industry,     vi.    X.    Y. 

Elcktrochemische   Zeitschrift.      vi.      Berlin. 

Elektrotechnik  u  Maschinenbau.     zv.     \'ienna. 

Elektrotcchnischc    Rundschau,     zv.     Potsdam. 

Elettricita.     zv.     Milan- 
Engineer,     zc.     London. 

Engineering,     zv.     London. 

Engineering-Contracting,     zv.     New    York. 

?2ngincering  Magazine,  m.  New  York  and  London. 

Engineering  and  Mining  Journal,  zv.  New  York. 

Engineering  News.  zv.   New  York. 

Engineering   Record,     zv.     New   York. 

Eng.  Soc.  of  Western  Penna.  in.  Pittsburg,  U.  S.  A. 

Foundry,     m.     Cleveland,  U.   S.  A. 

Cenie  Civil,     zv.     Paris. 

Cesundheits-Ingenieur.     s-m.     Munchen. 

Giesscrei-Zeitung.     s-m,      Berlin. 

Cilaser's  Ann.  f  Gewerbe  &  Bauwesen.  s-in.  Berlin. 

Heating  and   Ventilating  Mag.   m.   New   York. 

Ice  and  Cold   Storage,     m.     London. 

Ice  and  Refrigeration,     m.     New  York. 

II  Cemento.     s-m.     Milan. 

Industrial    Engineering,      di.      Pittsburg. 

Industrial  World,     zv.     Pittsburg. 

Ingcgneria   Ferroviaria.     s-m.     Rome. 

Ingenieria.     b-m.     Buenos  Ayres. 

Ingenieur.     zv.     Hague. 

Insurance   Engineering,     m.     New  York. 

Int.  Marine  Engineering,     m.     New  York. 

Iron  Age.     zv.      New  York, 

Iron  and  Coal  Trades  Review,     zv.     London. 

Iron  Trade  Review,     zv.     Cleveland,  U,  S.  A. 

Jour,  of  Accountancy,     m.     N.  Y. 

Journal  Asso.   Eng.    Societies,     m.        Philadelphia. 

Journal   Franklin    Institute,     in.     Philadelphia. 

Jour.    Ind.   &   Engng.   Chem.     in.     Easton,   Pa. 

Journal  Royal  Inst,  of  Brit.  Arch.     s-q.      London. 

Jour.    Roy.    United    Service   Inst.     m.     London. 

Journal   of   Sanitary   Institute,     qr.     London. 

Jour,    of    South    African    Assn.    of    Engineers,      ni. 
Johannesburg,   S.   A. 

Journal  of  the  Society  of  Arts.     zv.     London. 
Jour.   Transvaal   Inst,   of   Mech,   Engrs.,   Johannes- 
burg,   S.    A. 

Jour,  of  U.  S.  Artillery,  b-m.  Fort  Monroe,  U.  S.  A 
Jour.  W.  of  Scot.  Iron  &  Steel  Inst.   m.  Glasgow. 
Journal  Western   Soc.   of  Eng.     b-ni.     Chicago. 
Jour,  of  Worcester  Poly.  Inst.,  Worcester,  U.  S.  A. 
Locomotive,     in.     Hartford,  U.   S.  A. 
Machinery,      m.     New  York. 
Manufacturer's  Record,     zv.     Baltimore. 
Marine  Review,     in.     Cleveland,   U.    S.   A. 


Mechanical    Engineer,     v.     London. 

Mechanical    World,     zv.     Manchester. 

Mem.  de  la  Soc.  dcs  Ing.  Civils  de  .'^rancc,  m.  Paris. 

Metallurgic.     w.     Paris. 

Mines  and  Minerals,     m.     Scranton,  U.  S.  A. 

Mining  and  .Sci.   Press,     w.     San  Francisco. 

Mining  Journal,     w.      London. 

Mining  World,     zv.     Chicago. 

Mittheilungen  des   Vertins   fiir  die  Forderung  dea 

Local-   und   Strasscnbahnwescns.      m.      X'icnna. 
Municipal  Engineering,  m.  Indianapolis,  U.  S.  A. 
Municipal  Journal  and   Engineer,  w.  New  York. 
Nautical    Gazette,     zv.     New   York. 
New  Zealand  Mines  Record,     tn.     Wellington. 
Oest.  Wcchensch.  f.  d.  Oeff.  liaudienst.    w.    Vienna. 
Oest.   Zeitschr.    Berg  &   Hiittenwesen.  zv.   Vienna. 
Plumber  and  Decorator,  m.  London. 
Power  and  The   Engineer,   zc.   New  York. 
Practical  Engineer,     zv.     London. 
Pro.  Am.  Ins.   Electrical   Eng.   m.   New  York. 
Pro.   Am.    Ins.    of  Mining   Eng.   m.   New  York. 
Pro.   Am.    Soc.   Civil    Engineers,   m.   New  York. 
Pro.  Am.  Soc.  Mech.  Engineers,  in.  New  York. 
Pro.  Canadian  Soc.  Civ.  Engrs,  m.  Montreal. 
Proceedings  Engineers'  Club.     qr.    Philadelphia. 
Pro.     Engrs.     Soc.    of    Western    Pennsylvania,    m. 

Pittsburg. 
Pro.  St.  Louis  R'way  Club.  m.  St.  Louis,  U.  S.  A. 
Pro.    U.    S.   Naval   Inst.   qr.   Annapolis,   Md. 
Public  Works,   qr.  London. 
Quarry,      vi.      London. 

Queensland    Gov.    Mining    Jour.        in.        Brisbane, 

Australia. 
Railroad  Age  Gazette,     in.     New  York. 
Railway  and  Engineering  Review,  zv.  Chicago. 
Railway  and  Loc.    Engng.      ;».      New  York. 
Railway   Master    Mechanic.     f«.     Chicago. 
Revista    Tech.    Ind.      m.     Barcelona. 
Revue  d'Electrochimie  ct  d'Electrometallurgie.     m. 

Paris. 
Revue  de  Mecanique.     in.     Paris. 
Revue  de  Metallurgie.     in.     Paris. 
Revue  Gen.  des  Chemins  de  Fer.     in.     Paris. 
Revue  Gen.   des  Sciences,     zv.     Paris. 
Revue  Industrielle.     zv.     Paris. 
Rivista  Marittima.     in.     Rome. 
Schiffbau.     s-m.     Berlin. 
School  of  Mines  Quarterly,    q.    New  York. 
Schweizerische  Bauzeitung.     zv.     Zurich. 
Scientific   American,     zv.     New  York. 
Scientific  Am.   Supplement,     zc.      New  York. 
Sibley  Jour,  of  Mech.  Eng.     »/.     Ithaca,  N.  Y. 
Signal  Engineer,     tn.     Chicago. 
.Soc.    Beige  des  Elect'ns.     tii.     Brussels. 
Stahl  und   Eisen.     zc.      Diisstldorf. 
Stevens  Institute  Indicator,  qr.  Hoboken,  I'.  S.  A. 
Suiveyor.     zc.     London. 
Tcchnik  und   Wirtschaft.      in.      Berlin. 
Technique  Modernc.     f»i.     Paris. 
Tramway  &-  Railway  World,     m.     London. 
Trans.   Inst,   of  Engrs.  &   Shipbuilders  in   Scotland, 

Glasgow. 
Wood  Craft,     m.     Cleveland,  V.   S.  A. 
Yacht.     :t'.     Paris. 
Zeitschr.  f.  d.  Gesamte  Turbincnwesen.  zc.   Munich. 

Zeitschr.    d.    Mitteleurop.    Motorwagcn.    \'er.      s-m. 
Berlin. 

Zeitschr.   d.    Oest.   Inj.'     u.   Arch.    \'er.    zv.    \'icnna. 
Zeitschr.    d.    \'er.    Deutscher   Ing.    «•.    Berlin. 
Zeitschr.    f.    Werkzeugmaschinen.      b-zv.      Berlin. 
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ders, home  and  foreign,  should  be  made  payable  to  The  Engineering  Magazine. 


Applied  Mechanics. 

Applied  Mechanics  for  Engineers.  By 
E.  L,  Hancock.  Size,  7^  by  5  in. ;  pp., 
385.  Ills.  Price,  $2.  New  York:  The 
Macmillan    Company. 

An  elementary  text-book  of  mechanics 
for  engineering  students,  especially  de- 
signed to  show  the  application  of  theory 
to  practical  problems.  The  subject-mat- 
ter is  such  as  is  usually  covered  by  the 
work  of  one  semester.  The  treatment 
and  arrangement  of  material  are  much 
the  same  as  in  older  works  on  the  same 
subject,  but  special  completeness  is  claimed 
for  the  chapters  on  moments  of  inertia, 
center  of  gravity,  work  and  energy,  fric- 
tion, and  impact.  The  special  value  of  the 
book  lies  in  the  problems,  which  are  nu- 
merous and,  in  general,  well  chosen  for 
their  purpose  of  illustrating  mechanical 
principles  by  reference  to  practical  engi- 
neering work. 

Bridge  Design. 

The  Design  of  Highway  Bridges  and 
the  Calculation  of  Stresses  in  Bridge 
Trusses.  By  Milo  S.  Ketchum.  Size,  9 
by  6  in. ;  pp.,  xiv,  394.  Ills.,  300.  Plates, 
8.  Price,  $4.  New  York :  The  Engineer- 
ing News  Publishing  Co. ;  London : 
Archibald  Constable  &  Co. 

A  supplementary  work  to  the  author's 
well-known  "Design  of  Steel  Mill  Build- 
ings." Its  aim  is  to  give  a  brief  course  in 
the  calculation  of  the  stresses  in  bridge 
trusses,  followed  by  a  systematic  discus- 
sion of  the  details  and  design  of  highway 
bridges.  The  book  is  divided  into  three 
parts.  In  the  first,  the  calculation  of 
stresses  in  steel  bridges  is  discussed  in 
detail  under  the  headings  Types  of  Steel 
Bridges,  Loads  and  Weights  of  Highway 
Bridges,  Methods  for  the  Calculation  of 
Stresses  in  Framed  Structures,  Stresses  in 
Beams,  Stresses  in  Highway  Bridge 
Trusses,  Stresses  in  Railway  Bridge 
Trusses,  Stresses  in  LateraK  Systems, 
Stresses  in  Pins,  Eccentric  and  Combined 
Stresses,  Deflection  of  Trusses,  Stresses 
in  Rollers,  and  Camber,  and  the  Solution 


of  Problems  in  the  Calculation  of  Stresses 
in  Bridge  Trusses.  The  second  part  deals 
more  specifically  with  the  design  of  high- 
way bridges  of  all  types,  steel,  masonry, 
and  timber,  the  design  of  abutments  and 
piers,  and  the  erection  and  estimation  of 
weight  and  cost  of  highway  bridges.  In 
Part  HI  a  complete  design  for  a  steel 
highway  bridge  is  worked  out  in  detail. 
An  appendix  gives  general  specifications 
for  steel  highway  bridges.  The  book  will 
be  found  thoroughly  satisfactory  for  use 
in  the  class  room  and  in  engineering 
practice. 

Cost  Systems. 

Nicholson  on  Factory  Organization  and 
Costs.  By  J.  Lee  Nicholson.  Size,  11^ 
by  8  in. ;  pp.,  410.  Ills.  Price,  $12.50.  New 
York :     Kohl  Technical  Publishing  Co. 

The  treatment  shows  three  divisions  :  a 
general  discussion  of  the  theory  and  ele- 
ments of  costs,  occupying  57  pages ;  a 
presentation  of  cost  forms  and  systems, 
filling  about  290  pages ;  and  an  illustrated 
list  of  mechanical  ofiice  appliances,  cover- 
ing 60  pages.  The  publishers  adopt  the 
unfortunate  course  of  introducing  the 
book  as  the  only  standard  work  on  factory 
organization  and  costs  ever  published, 
and  as  being  sufficient  to  make  the  manu- 
facturer his  own  system  specialist  and 
thus  to  save  him  the  fee  of  a  professional 
adviser. 

The  claim  compels  a  searching  exami- 
nation which  Lhe  book  proves  unable  to 
stand.  Of  the  preliminary  portion,  the 
chapter  on  distribution  of  indirect  ex- 
penses is  excellent  and  properly  used 
should  be  well  worth  the  whole  cost  of 
the  book.  That  on  wage  systems  is  wholly 
insufficient  in  range,  while  its  standard  of 
accuracy  may  be  judged  by  the  following 
extract:  "The  principle  (in  the  bonus 
system)  is  the  same  as  in  the  premium 
plan  and  whatever  remarks  apply  to  one 
plan  apply  also  to  the  other."  There  is 
practically  nothing  on  the  subject  of  ma- 
terials, and  the  chapter  on  organization 
and  cost  finding  is  disappointing,  in  that 
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it  gives  no  instruction  on  the  fundamental 
propositions  of  cost  accounting — what 
facts  to  get,  how  to  get  them,  and  what 
to  do  with  them  after  you  have  them. 
With  so  meagre  a  preparation  only,  the 
user  of  the  book  would  not  be  competent 
to  decide  upon  the  selection  or  use  of  the 
forms  shown — to  discriminate,  for  ex- 
ample, between  the  seven  different  designs 
for  report  of  material  received,  the  nine 
different  forms  of  stock  record,  the  six- 
teen kinds  of  production  orders,  or  the 
twenty-eight  forms  of  time  tickets,  etc. 
The  value  of  the  book  is  to  the  cost  ac- 
countant advanced  enough  to  appreciate 
the  principles  and  ideas  embodied  in  these 
forms,  and  to  select  from  them  or  adapt 
them  to   his   purposes. 

Industrial  Betterment. 

Social  Engineering.  By  William  H. 
Tolman,  Ph.D.  Size,  g]4  by  6  in. ;  pp., 
384.  Ills.  Price,  $2.50.  New  York:  Mc- 
Graw  Publishing  Co. 

A  large  and  varied  collection  of  in- 
stances of  industrial  betterment  or  wel- 
fare institutions,  gathered  from  many 
manufacturers  and  corporations.  The  ma- 
terial is  assembled  under  the  chapter 
headings  Efficiency  Promotion,  The  So- 
cial Secretary,  Hygiene,  Safety  and  Se- 
curity, Mutuality,  Thrift,  Profit-Sharing, 
Housing,  Education,  Recreation,  Com- 
munal or  Social  Betterment',  and  Does  It 
Pay? 

There  is  a  lack  of  careful  discrimina- 
tion, and  apparently  of  first-hand  knowl- 
edge, either  of  leading  cases  in  practice 
or  of  the  literature  of  the  subject.  The 
development  of  material  in  disregard  of 
the  fundamental  data  of  industrial  engi- 
neering leads  to  some  fantastic  results. 
For  example,  the  premium  plan  is  con- 
fused with  profit-sharing,  while  the  bonus 
and  efficiency  systems,  as  developed  by 
Taylor,  Gantt,  Emerson  and  others,  are 
totally  ignored.  Under  profit-sharing  the 
Roycrofters  are  given  a  half-page,  besides 
four  other  references,  while  Procter  & 
Gamble  are  never  mentioned.  Westing- 
house  apprentice  instruction  is  described 
at  length ;  the  institutions  of  the  General 
Electric  Co.  and  the  New  York  Central 
and  Santa  Fe  Railways  for  the  same 
purpose  are  examples  of  the  class  of  im- 
portant instances  apparently  unknown  to 
the  author.  The  Jordan-Marsh  promo- 
tion of  instruction  in  salesmanship  is 
treated  as  a  remarkable  idea  while  the 
highly  developed  methods  of  the  Herring- 
Hall-Marvin  Safe  Co.  or  the  National 
Cash  Register  Co.  for  the  same  purpose 
are  not  referred  to.  Much  space  is  g-iven 
to  hospital  service  promoted  by  employ- 
ers, the  Southern  Pacific  system  being  in- 
troduced twice,  but  the  splendid  medical 
department    of   the    Santa    Fe    is    not    so 


much  as  hinted  at.  In  general,  the  pres- 
entation seems  to  be  limited  to  the  em- 
ployers' point  of  view,  and  to  be  over- 
weighted with  attention  to  the  social  idea, 
but  unconscious  of  that  larger  policy  of 
encouraging  individual  efficiency,  individ- 
ual effort,  and  individual  reward,  which 
the  v/isest  managers  are  recognizing  as 
better  suited  to  the  improvement  of 
American  industrial  conditions. 

Lead  and  Zinc. 

Lead  and  Zinc  in  the  United  States.  By 
Walter  Renton  Ingalls.  Size,  9V2  by  6J^ 
in.;  pp.,  368.  Ills.  Price,  $4.  New  York 
and  London:    Hill  Publishing  Company. 

An  economic  history  of  the  mining  and 
smelting  of  lead  and  zinc  and  of  the  con- 
ditions which  have  affected  the  develop- 
ment of  the  industries,  prepared  at  the 
request  and  with  the  assistance  of  the 
Carnegie  Institution  to  form  a  part  of 
the  Economic  History  of  the  United 
States.  Introductory  chapters  in  the  sec- 
tion devoted  to  lead  include  a  general 
discussion  of  the  occurrences  of  lead  ore, 
a  chronology  of  lead  mining  and  smelt- 
ing, a  description  of  past  and  present 
metallurgical  practice,  and  a  review  of 
methods  of  refining  and  marketing  and 
of  the  uses  of  the  metal.  The  lead-min- 
ing industry  in  the  various  states  is  then 
discussed  in  detail.  The  section  concludes 
with  chapters  on  statistics  of  production, 
consumption  and  price,  commercial  condi- 
tions, the  tariff  on  lead,  labor  conditions, 
and  trade  agreements  and  combinations. 
The  zinc-mining  industry  is  treated  more 
briefly  but  in  much  the  same  way;  chap- 
ters are  devoted  to  the  occurrence  of  zinc 
ore  in  the  United  States,  zinc  mining,  ore 
dressing,  zinc  smelting,  and  commercial 
conditions.  Besides  being  a  history  of 
the  lead  and  zinc  industries,  the  book  is 
an  up-to-date  treatise  on  present  practice 
and  can  be  recommended  as  an  authori- 
tative treatment  of  the  subject. 

Piping  Systfems. 

Steam  Power  Plant  Piping  Systems. 
Bv  William  L.  Morris.  Size,  9K'  by  6]^ 
in.;  pp.,  XV,  4Q0.  Ills.  Price,  $5.  New 
York:    McGraw-Hill  Book  Company. 

A  valuable  contribution  to  the  literature 
of  a  branch  of  engineering  in  which  the 
need  of  an  authoritative  and  exhaustive 
discussion  such  as  this  has  long  been  ur- 
gently felt.  The  author's  aim  has  not 
been  to  compile  a  reference  book  but  to 
give  a  detailed  and  consecutive  treatment 
of  the  entire  subject  of  piping  systems 
as  applied  to  power  stations,  their  design, 
installation  and  maintenance.  Complete 
systems  are  discussed  first  and  then  each 
detail  in  turn.  The  design  of  boilers  and 
engines     has     not     been     touched     upon, 
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though  their  operation  has  been  covered, 
but'  all  auxiliary  apparatus  in  the  pipe 
circuit  between  the  boiler  and  the  engine 
and  in  the  various  piping  systems  for 
steam,  oil,  air,  etc.,  have  been  treated  and 
their  general  design  discussed.  Besides 
the  pipe  circuit  between  the  boilers  and 
engines,  all  other  piping  systems  are  con- 
sidered. Special  chapters  are  d^oted, 
for  example,  to  city  and  artesian  water 
piping  details,  fire  service  piping,  water 
treatment  apparatus,  hydraulic  elevators, 
grease  sewers,  etc.  A  further  feature  of 
interest  is  a  suggestion  for  a  better  meth- 
od of  contracting  this  line  of  work,  which 
will  entail  less  expense  both  to  the  de- 
signer and  to  the  contractor,  and  at  the 
same  time  insure  a  higher  grade  of  work. 
Railroad  Shop  Organization. 

Betterment  Briefs.  A  Collection  of 
Published  Papers  on  Organized  Indus- 
trial Efficiency.  By  H.  W.  Jacobs,  Assist- 
ant Superintendent  M.  P.,  A.  T.  &  S.  F. 
Railway.  Size,  9^  by  6  in. ;  pp.,  271. 
Ills.,  152.  Price,  $3.50,  15/.  New  York: 
John  Wiley  &  Sons.  London :  Chapman 
&  Hall,  Ltd. 

Many  of  these  papers  appeared  origin- 
ally in  The  Engineering  Magazine,  and 
the  collection  when  first  privately  issued 
under  the  present  title  in  February, 
1908,  was  reviewed  in  these  columns.  The 
persistent  demand  for  the  volume  has  led 
to  this  issue  in  commercial  form  by 
Messrs.  John  Wiley  &  Sons.  In  this  new 
edition  two  additional  chapters  are  in- 
cluded, one  on  the  general  tool  system  of 
the  A.  T.  &  S.  F.  Railway  and  the  other  on 
locomotive  repair  costs.  The  book  :<=• 
full  of  valuable  material,  exactly  descrip- 
tive of  the  methods  that  have  attracted 
the  attention  of  American  railroad  men 
everywhere  by  the  economies  shown  in 
the  operating  costs  of  the  Santa  Fe.  It 
should  find  a  wide  market  among  the 
officials  of  mechanical  railway  depart- 
ments on  this  account  alone.  We  hope, 
however,  that  when  the  demand  necessi- 
tates a  new  edition  Mr,  Jacobs  or  his  edi- 
tors will  depart  much  more  than  they 
have  yet  done  from  the  original  form  of 
these  papers  and  from  the  chronological 
arrangement,  and  will  reduce  the  best  of 
this  material  to  a  more  systematic  form, 
still  further  enriched  with  the  additional 
subject  matter  which  the  present  condi- 
tion of  the  Santa  Fe  mechanical  depart- 
ment would  abundantly  supply. 

Sewer  Construction. 

Sewer  Construction.  By  Henry  N.  Og- 
den.  Size,  9  by  6  in. ;  pp.,  xii,  335.  Ills., 
192.  Price,  $3,  12/6.  New  York:  John 
Wiley  &  Sons ;  London ;  Chapi.ian  &  Hall. 

A  companion  volume  to  the  author's 
"Sewer  Design,"  already  published.  The 
material,    which    was    originally    compiled 


for  a  course  of  lectures  given  in  the  Col- 
lege of  Civil  Engineering,  Cornell  Univer- 
sity, has  been  drawn  principally  from  the 
current  literature  of  the  subject  contained 
in  books,  technical  periodicals,  and  the 
reports  of  engineers  and  city  officials  on 
sewerage  systems.  Six.  chapters  are  de- 
voted to  materials  of  construction,  terra- 
cotta pipe,  brick,  concrete,  concrete  and 
brick,  and  reinforced  concrete.  Manholes, 
catch-basins,  siphons,  screens,  storm- 
water  overflows  and  regulators,  and  bell 
mouths  are  treated  in  separate  chapters. 
Sewer  foundations  are  next  discussed, 
and  a  number  of  examples  of  outfall 
sewers  are  described  in  considerable  de- 
tail. Short  chapters  are  given  to  house 
connections,  surveying  and  trenching. 
Valuable  data  are  presented  in  a  section 
on  estimates  and  costs,  and  the  book  con- 
cludes with  a  long  and  interesting  chap- 
ter on  specifications  and  contracts.  On 
the  whole,  Mr.  Ogden  has  produced  a 
survey  of  modern  sewer  practice  of  con- 
siderable value  to  the  student  and  to  the 
engineer  who  takes  up  the  problem  of 
sewer  construction  for  the  first  time. 

BOOKS   RECEIVED. 

Hydraulic  Engineering.  By  Gardner  D. 
Hiscox.  Size,  9  by  6  in.;  pp.,  315.  Ills. 
Price,  $4.  New  York:  The  Norman  W. 
H'-nley    Publishing    Company. 

Electrical  Illuminating  Engineering.  By 
William  Edward  Barrows.  Size,  83^  by 
5^  in. ;  pp.,  216.  Ills.  Price,  $2.  New 
York :  McGraw  Publishing  Company. 

Electric  Railway  Auditing  and  Account- 
ing. By  Wm,  H.  Forse,  Jr.  Size,  8J/2 
by  5/^  in.;  pp.,  157.  Ills.  Price,  $2.  New 
York:    McGraw    Publishing   Company. 

A  Manual  of  Underground  Surveying. 
By  Loyal  Wingate  Trumbull.  Size,  gY^ 
by  6^  in. ;  pp.,  251.  Ills.  Price,  $3.  New 
York  and  London :  Hill  Publishing  Com- 
pany. 

Highway  Engineering.  By  Chas.  E. 
Morrison.  Size,  9  by  6  in.;  pp.,  315.  Ills.,. 
60.  Price,  $2.50,  10/6.  New  York:  John 
Wiley  &  Sons.  London :  Chapman  & 
Hall,  Ltd. 

Steam  Power  Plant  Engineering.  By  G. 
F.  Gebhardt.  Size,  9  by  6  in. ;  pp.,  xxix, 
816.  Ills.,  461.  Price,  $6,  25/6.  New 
York :  John  Wiley  &  Sons.  London : 
Chapman  &  Hall,  Ltd. 

Elements  of  Railroad  Track  and  Con- 
struction. Winter  L.  Wilson.     Size,  yYi  by 

5  in.;  pp.,  320.  Ills,  181.  Price,  $2,  8/6. 
New  York :  John  Wiley  &  Sons.  London : 
Chapman  &  Hall,  Ltd. 

A  Text-Book  on  Roads  and  Pave- 
ments. By  Frederick  P.  Spalding.  Third 
Edition.  Size,  yY  by  5  in. ;  pp.,  x,  340, 
Ills.,  51,  Price,  $2,  8/6.  New  York: 
John  Wilev  &   Sons.     London :   Chapman 
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